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Abstract

Background: Major adverse cardiovascular events (MACE) are increasingly used as composite outcomes in rand-
omized controlled trials (RCTs) and observational studies. However, it is unclear how observational studies most com-
monly define MACE in the literature when using administrative data.

Methods: We identified peer-reviewed articles published in MEDLINE and EMBASE between January 1, 2010 to Octo-
ber 9, 2020. Studies utilizing administrative data to assess the MACE composite outcome using International Classifi-
cation of Diseases 9th or 10th Revision diagnosis codes were included. Reviews, abstracts, and studies not providing
outcome code definitions were excluded. Data extracted included data source, timeframe, MACE components, code
definitions, code positions, and outcome validation.

Results: A total of 920 articles were screened, 412 were retained for full-text review, and 58 were included. Only 8.6%
(n =5/58) matched the traditional three-point MACE RCT definition of acute myocardial infarction (AMI), stroke, or
cardiovascular death. None matched four-point (4-unstable angina) or five-point MACE (+unstable angina and heart
failure). The most common MACE components were: AMI and stroke, 15.5% (n =9/58); AMI, stroke, and all-cause
death, 13.8% (n =8/58); and AM, stroke and cardiovascular death 8.6% (n =5/58). Further, 67% (n =39/58) did not
validate outcomes or cite validation studies. Additionally, 70.7% (n =41/58) did not report code positions of end-
points, 20.7% (n = 12/58) used the primary position, and 8.6% (n =5/58) used any position.

Conclusions: Components of MACE endpoints and diagnostic codes used varied widely across observational stud-
ies. Variability in the MACE definitions used and information reported across observational studies prohibit the com-
parison, replication, and aggregation of findings. Studies should transparently report the administrative codes used
and code positions, as well as utilize validated outcome definitions when possible.

Keywords: Observational study, Reproducibility, Acute myocardial infarction, Stroke, Heart failure, Acute coronary
syndrome, Cardiovascular disease

Background

Cardiovascular disease is the leading cause of death in
the United States, making it a common target for inter-
ventional research [1, 2]. Due to this, the composite end-
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(EMA) in 2012, provided guidance on utilizing a three-
point MACE outcome, which includes acute myocardial
infarction (AMI), stroke, and cardiovascular mortality in
all trials evaluating the cardiovascular safety of diabetic
agents [3]. Some trials have utilized a four-point MACE
as well, by including hospitalization for unstable angina
or revascularization procedures [3, 4]. Five-point MACE
further expands on this with the inclusion of heart fail-
ure (HF). While MACE is now a better-defined and more
ubiquitous outcome among RCTs, its use in observa-
tional studies to assess the safety and real-world effec-
tiveness of therapies remains less clear.

Observational studies using large administrative data-
bases can evaluate population-level use and outcomes of
therapies in an efficient and cost-effective way [5]. How-
ever, several common issues with observational studies
limit their reproducibility and comparability to RCTs,
thus limiting the utility of MACE as a composite out-
come. First, in comparison to RCTs, observational studies
often do not consistently report their protocols, includ-
ing outcome definitions [6]. To allow for useful compari-
sons between observational studies and RCTs, improved
standardization and transparency is needed [7, 8]. Even
when MACE components are well-defined, such as AMI
or stroke, another challenge encountered in observational
studies is how to define outcomes using diagnosis codes
available from administrative data. For example, the
International Classification of Diseases (ICD) is a com-
monly used coding system for medical reimbursement
and is one of the most frequent sources of information
available in administrative databases [9]. Unfortunately,
ICD codes can be prone to errors and diagnosis misclas-
sifications, as they are primarily collected for reimburse-
ment purposes and rely on clinical documentation that
can vary across settings and providers [5]. Though several
studies have attempted to validate the diagnosis codes for
commonly used MACE components (e.g., AMI, stroke,
and HF), with positive predictive values of upwards of
80-90%, it is unclear how these codes have been taken
up in MACE composite outcome definitions [10-12]. For
these reasons, the current use of MACE in observational
studies warrants further investigation.

Thus, the purpose of this review was to systemati-
cally determine the most common definitions of MACE
employed in observational studies using administrative
data. With that, our objectives were: i) assess each study’s
definition of MACE components (e.g., AMI, stroke), ii)
assess the diagnostic criteria used for outcome ascertain-
ment such as codes used and position of codes, and iii)
assess whether outcomes had been validated. We hypoth-
esized that, across observational studies, there is great
variability in the definitions of MACE used and mini-
mal alignment with the classic three, four, or five-point
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MACE outcomes. Our hope is that this work will pro-
mote a standard approach to the definition of MACE in
future studies, allowing for the improved transparency
and reproducibility of observational studies.

Methods

Search strategy and selection criteria

The protocol for this systematic review is based on the
2015 Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocols (PRISMA-P) statement
[13]. The protocol was not registered in the International
Prospective Register of Systematic Reviews (PROS-
PERO), but the original protocol and modifications are
included in Supplementary Text 1 (see Additional file 1).
The reporting of this review is based on the 2020 PRISMA
statement and the checklist is provided in Supplementary
Table 1 (see Additional file 2) [14]. We searched MED-
LINE and EMBASE for literature published from January
1, 2010 to October 9, 2020 that defined composite MACE
as a primary or secondary outcome in studies utilizing
administrative databases. A 10-year lookback was used in
order to restrict to the most recently published studies.
The search strategy was developed by the authors using
the search terms presented in Supplementary Text 2 (see
Additional file 3) and was performed on October 9, 2020.
A standardized protocol for study abstract screening
and full-text review was developed and piloted using the
same 20 studies among the reviewers (EB, ES, LH), and
is further described in Supplementary Text 1 (see Addi-
tional file 1). The abstracts from each record were initially
screened for relevance by three independent review-
ers (EB, ES, LH) using Abstrackr (http://abstrackr.cebm.
brown.edu/), a free semi-automated abstract screening
tool [15]. Afterwards, we performed a full-length text
review of the abstracts that were retained after screening
(EB, ES, LH).

We included studies that identified MACE compos-
ite endpoints as the primary or secondary study out-
come, used administrative data sources in the study,
and defined MACE using International Classification
of Diseases, Clinical Modification, Ninth Revision (ICD-
9-CM) or Tenth Revision (ICD-10-CM) diagnosis codes.
The included studies did not need to overtly name
“major adverse cardiovascular events” as the primary
or secondary outcome to be included into this study,
as many definitions and terms are used across studies.
For example, MACE may be referred to as “adverse” or
“acute cardiovascular events’, “major adverse cardio-
vascular and cerebrovascular events” or simply “cardio-
vascular events”, among other terms. Thus, we included
studies if the composite outcome that was studied uti-
lized a combination of multiple MACE endpoints. We
excluded reviews, meta-analyses, conference abstracts,
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editorials, papers whose primary or secondary out-
come was not a composite of multiple MACE end-
points, and those that did not use or report ICD-9-CM
or ICD-10-CM codes to define MACE endpoints. Any
uncertainty with regards to inclusion or exclusion of an
individual paper was resolved by consensus of the three
reviewers.

Data extraction and synthesis

After each of the independent reviewers determined
that a full-text met inclusion criteria for the study, defi-
nitions for composite MACE outcomes were extracted
into a shared document using a standardized protocol
by two reviewers (LH, EB). ICD-9-CM and ICD-10-CM
codes were also extracted for each MACE endpoint, and
were acquired either through full-length text review or
through review of published supplements. The position
of the diagnosis code required in the study outcome cri-
teria was recorded as primary position, any position, or
not reported. Further, information on whether the study
outcomes had been previously validated was assessed in
each individual study or review of supplements, and cita-
tions were extracted. Each study’s administrative data
source and study years were also recorded.

Once data were extracted from included studies, we
categorized the specific definitions of MACE based on
the individual components referred to by the authors as
opposed to the specific diagnosis codes used. We made
this decision due to the lack of consistency in diagnosis
codes used across studies and chose to categorize based
on the MACE components that the authors reported.
Component definitions of MACE included: AMI, acute
coronary syndrome or ischemic heart disease (ACS/
IHD), stroke (either ischemic or hemorrhagic stroke),
revascularization procedures, cardiovascular (CV) death,
and all-cause death. Of note, due to the variability of
outcomes used across studies, the ACS/THD component
reflects the following definitions used by study authors:
ACS, IHD, coronary artery disease (CAD), and unstable
angina (UA). Overall, we performed a qualitative assess-
ment of the evidence only, and did not perform a meta-
analysis or strength of evidence assessment due to the
nature of the research questions.

Results

Included studies

Our search of MEDLINE and EMBASE yielded 920
unique articles, 412 of which were retained for full-text
review after abstract screening (Fig. 1). After exclud-
ing 354 studies during full-text review, 58 studies were
included in the final analysis.
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Overall studies

The included observational studies utilized a range of
outcome components to define MACE (Table 1). The
majority of the included studies utilized ICD-9-CM to
define outcomes. There was poor concordance of MACE
definitions used in the included studies when compared
to the three-point, four-point, and five-point definitions
of MACE commonly used in randomized controlled tri-
als (RCTs). For instance, 8.6% (5/58) of observational
studies used a MACE definition that matched the three-
point definition of MACE (AMI, stroke, CV death) while
no studies matched the four-point or five-point defini-
tions (Table 2). Across all included studies, the most
common MACE component definitions were: AMI,
stroke, 15.5% (9/58); AMI, stroke, all-cause death, 13.8%
(8/58); and AMI, stroke, CV death 8.6% (5/58) (Table 3).
Overall, 67% of studies (39/58) did not perform a valida-
tion or provided no citations validating the outcome defi-
nitions used. Additionally, 70.7% (41/58) of studies did
not report the position of diagnosis codes used in end-
points, while 20.7% (12/58) used the primary diagnosis
position and 8.6% (5/58) used any position.

MACE component definitions

Acute myocardial infarction

There were 45 studies that included AMI as a compo-
nent of MACE (Table 2). Of these, 64.4% (29/45) defined
outcomes using ICD-9-CM and 31.1% (14/45) used ICD-
10-CM. Among these studies, 20% (9/45) defined AMI in
the primary diagnosis position, 6.7% (3/45) in any posi-
tion, and 73.3% (33/45) did not report the position used.
The most common diagnosis codes were: 410.xx, making
up 72% (21/29) of the ICD-9-CM studies; and 121.xx, 122.
xx, making up 35.7% (5/14) of the ICD-10-CM studies
(Table 4).

Acute coronary syndrome / ischemic heart disease

There were 18 studies that defined ACS/THD as a com-
ponent of MACE. ICD-9-CM diagnosis codes only were
used in 66.7% (12/18) of studies and 27.7% (5/18) used
ICD-10-CM only. Studies used the primary diagnosis
position 22.2% (4/18), any position 11.1% (2/18), and did
not report the position 66.7% (12/18) of the time. The
most common diagnosis codes were: 410-414.xx, 25%
(3/12) of the ICD-9-CM studies; and 121-124.xx, 40%
(2/5) of the ICD-10-CM studies.

Stroke

There were 50 studies that included stroke, either
ischemic or hemorrhagic, as a component of MACE.
Of these, 60% (30/50) utilized ICD-9-CM only and 34%
(17/50) used ICD-10-CM only. The primary diagnosis
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Fig. 1 PRISMA flow diagram for included studies. Abbreviations: MACE, major adverse cardiovascular events; ICD, International Classification of

position was used 24% (12/50) of the time, any position
used 8% (4/50), and no position reported 68% (34/50)
of the time. Diagnosis codes used to define stroke were
highly variable with no clear most common defini-
tion. Codes included: 433.xx, 434.xx, 436.xx, 13.3%
(4/30) of ICD-9-CM studies; 430-437.xx, 13.3% (4/30)
of ICD-9-CM studies; 163.xx, 165.xx, 166.xx, 17.6% of
ICD-10-CM studies (3/17); and 163.xx, 17.6% (3/17) of
ICD-10-CM studies.

Heart failure

A total of 15 studies included HF as a component of
MACE. Of these studies, 80% (12/15) used ICD-9-CM
only, and 13.3% (2/15) used ICD-10-CM only. The pri-
mary diagnosis position was used 20% (3/15) of the time
but was otherwise not reported in 80% (12/15) of studies.
The most common diagnosis codes used were: 428.xx,
50% (6/12) of ICD-9-CM studies; 111.0, 150.xx, 197.1, 50%
(1/2) of ICD-10-CM studies; and 150.xx, K76.1, 197.1,
111.0, 50% (1/2) of ICD-10-CM studies.

All-cause death and cardiovascular death

There were nine studies that included cardiovascular
death as a component of MACE. Of these, 11.1% (1/9)
of studies utilized ICD-9-CM codes only for MACE
components and 66.7% (6/9) used ICD-10-CM. The
diagnosis position for cardiovascular death was pri-
mary 11.1% (1/9), any position 33.3% (3/9), and not
reported 55.6% (5/9) of the time. The most common
diagnosis codes used were: No codes listed, 100% (1/1)
for studies using ICD-9-CM only; and 100.xx-199.xx,
33.3% (2/6) for those using ICD-10-CM only. There
were 15 studies including all-cause death as a compo-
nent of MACE. Due to the nature of all-cause death,
diagnosis codes positions are not necessary and were
not reported.

Discussion

In our systematic review, we found substantial het-
erogeneity for MACE composite endpoints used in the
literature. The two most common composite MACE



Page 5 of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

dN

dN

dN

[£7] ma1Aa1 Lieyd Juaped

12211P YUMm pasedlod Uaym sapod

@Dl dy1dads 9say3 BuZ||N SIUSAS
JuspPUl bupepliea Apnis e 3110 sioyiny

dN

[02] Aps

1eaH A1) usbeyuadod ayi pue [61]
A1s1Ba1 yYOINOW Ysiueg aya ybnoayy
P9109)|03 e1ep [9A3] Juded pue Ansibal
Jualied [eUOlIBU YSIURQ 94} U9aM1D]
obeyul| e1ep ybnoiyl paepljep

dN

dN

dN

‘(01-adi

8'691 ‘7’691 ‘79l '€91 ‘0N ‘TTI LT INY
‘uonisod Alewlld

(6-ADI) L6'86€E XXTOY 'XX'8Th ‘4H
Ty 0y ‘6 vy 'L Lvy—€ Ly AN
0'€S8 7768 "T'TS8 0TS XX9EY XX
PEP-XXOEY :DHONS XX | F=XX 0 Lt ‘QHI
dN

(6-ADI) XBEP=0Et 240 X O L NV

dN

(6-ADI) L'LEY 9Ly XX pEY

'XXEE DOIS DIWBYDS] XXO L7 :[INY
‘uonisod Alewlld

(6-aDl)

Xpey XEEY DONS 'L X 0Ly NV

‘uonysod Auy

‘(Yresp AD

10} Pa1sI| 21aM $3P02 dYIdads ON) (01
-ADI) §¥D '691-091 :9401S ¢l ‘LTI INY

dN

(01-ADI) €91:940Ns 00l VN * LTl INY
‘uonisod Alewiid

('sainpadoud

UOPZIIB|NDSPAS] IS0 1O AW01DD
-191JepUa p1I0Jed 10} SEPOD D) D
10U pIp sIoyny) “(6-ADI) XX v ‘1 Ok
‘Ovy ‘Nd ‘8EV L' LEV 'O'LEY 'OEY X SEY
XXYEY XXEEY V| 1/2H0NS ‘T8 SPA

L8 SYA XX LTl KXY Ly XX Ly XX | Ly
‘QHI IWY-UOU U810 “Z L7 XX 0L NV

UOIIZ11B|NDSEAI qUUI| JOMO] JB[NDSeA
-opua/uado ‘uoneindule Aouablawa
‘WISI[OQUIR JO SISOQUIOIY) [elidLie
|esayduad o dejji01Ioe ‘8xons ‘|NY

4H ‘QAd '=404s ‘aHI

41B3p 3SNED |8 ‘230415 "INV

2340415 DIWBYDS! [N

o1 Iy

183 AD “DHONS Y

0NS YN IV

AWO0131911ePUS PIIOIRD ‘2INPad0Id
uoNeZIIRINJSEARI DRIPIRD ‘OAd 'VIL
/30015 4H ‘QHI IINY-UOU J3L10 ‘Y

1 10C 01 900¢

wouj elep sonsnels aposidy [exdsoH (9] (£107) '[e 15 wiebuijesayiyiiey

600C
03 0007 Woly A115163y uoisuaadAH
YIOMISN YDJeasay Jejndseaoipied)

/007 01 #007 WO} 92UI0[ JO IuN
U1[eaH [eD07 3 4O saseqelep a|diniy

[S7] (Z107) "|e 19 Jdtied

[r¢] (¢107) ‘[e 19 1sods3 11Bag

0007 W0l 35egeIep adueInsy|

U21e353Y U1[e3H [eUOeN Uemiel [¢2] (z107) e 38 Uayd

00T
0} 1007 Woy Ansibai 810D-34IHAY

U3 O} pXUI| SWIRPD 1eDIPI (171 (1107) [e 13 [o120Y
9007 01 /66|

woly Ansibal Jusned jeuoneu ysiueq [811(1107) 113 101eYD
€007 01 1007

wioyy A13s162Y SaUIDIPII JIpUeR|RD| [£1]1(0107) ‘[e 32 uossuiofgpno

G00C O3 #00¢ WOolj oseqerep

SWIte|) Ueld YljesH SA AUl=iT SWI (911 (0107) '|e 3o uewdey)

uopepijep

uoIISOd 3INpadoid 1o sisoubeiq
S9p0) 01/6-ADI

uoniuyaqg 31DV

POLIad SWi] pue 93inog eleq Jea) uonedignd pue uoneid Apnis

uonesijgnd uo paseq suonIUYSP IOV L 3jqelL



Page 6 of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

"yiesp AD 4o
90135 10} paviodal Sem uopepl|eA oN
‘[£€] 49151631 3uRdU| [PUOIIBN DY3 UL
PI[BA 249M SISOUBRIP [l JO 956 < 1oyl
pavodal yoiym Apnis e paid sioyiny

dN

[rE-C€] 59p0d> DI dyidads
95941 BuIsn SAdd POOD uMoys aAeYy
1641 Sa1pnis 9|diNw pa1d sioyiny

dN

"(0L-aDl) 661-00I

“Y1eap AD ‘¥9I-19] ©H0AS L] INY
‘uonisod Alewid

(6-aDI) £9€ 'T9€ '1'9€ '0'9¢

‘9900 ‘UONBZIIBINISeARI 'C0°/66 '6'LEY
ULEY XOEY L X PEY 'L XEEY XTEY
XLEY XOEY DMONS 1L X 0Ly INY
‘uonisod Arewliid

“(6-aDl)

6'8CY—8CY ‘AH ‘6 VEv—EEy '6CEV-0EY
DONS LY=L LY '60Ly—00LY SOV
dN

(6-@DI) 6'9€-0°9€ '8'SPA

'66'9¢-1'9€ '60'9€-S0'9€ '€09€-09€
:UO[IBZIIB|NDSARI | §'G8/ D0YS JeIp

IR S T T LT W LTy LT L LTy

YS9Ty TSIty LS9y "EL9Th—CL 9Ty

'0'9C ‘eIWIIAY IR DRIPIED ‘0L '8TH-0'8TY

41eap AD '30NS T

21npa201d UopeZIRINISeAR)
Je|pIed ‘Y3eap sned ||e ‘2%0i1s A

4H 940418 SOV

ainpadcoid uon
-BZ|1B|NDSBARI DBIPIRD HD0YS JeIpIed

1 10Z ©3 900 Woly

1215169y Y189 JO 9SNED) YSIPaMS pue
1935169y BNIQ pagLISaid YsIpams
1915162y 1udi1edU| [RUOIEN YSIPIMS

0loz o1
£007 wolj A1151631 5] MD-A11S169Y
NOILDV 94l 0} paXul] sWie|d aJedlpaly

1 10C 03 S00¢ Wolj
aseqgerep wnosuod WA-3W3ddNs

010 O} LOOZ WO Ueme] Jo 3seqeled

[9£] (S107) '[e 10 Busquisf

[S€1(5102) e1=ieq

[L€]1(S107) e 12 1eS2Q

UN  HHILEY-0Ey YOS [EOLP-0LY IAY - "BIWYIAYLE DBIDIED Y1 'SHONS Y YDIedsdy SdUBINSU| Y}eaH [euoneN [0€] (5107) e 32 noyD
‘uonisod Auy
"(01-aDI) 691-091 ‘08 'Sz1-021 "(6-ADI) £00Z ©} 9007 WOl 903N
uN 8E-0EY ‘8T ¥ Ly—011 :2583SIP AD 1eap AD ‘aseasip AD Np a1pejew adueinsse,| ap 3169y [6¢] (7107) ‘[e 12 asseuep
‘uoiysod Auy 1 LOZ 03 800
(01-adl) 99| WIOJJ SIP.JR|A DUBINSSY,| 9P SaWIbay
YN ‘SOI'€9] :90NS JIWSYIS! 7 -1 | }OHI A0AIS DIWBYDS! JH|  ~JOIU| UOIBWIOJULP [BUONEN SWRISAS [87] (7107) '[e 13 uuewnsN
UN
(6-aDI) €STLA
"I'L66 Y 6TY 6 LTy 68 LTh 18 LT
QLT TV LTy LY [Ty TELTY L€ LTy
'SLT-1LTY 0 LTy LT eluyAy e
deIpIed !|'/66 'V 6CY 'L '6CY '6'8TY
"Y' 8TY-0r'8Ty '8 ‘€€ 8TH-0E' 8T
8Ty '€T8CY—-0C'8TY 'T8LY '1'8TY
08Ty '8TY ¥'STY 6L LY YOV 1670V
'06'20% ‘620 'L 120V 0120y 'L'C0Y 710z
"TOY HH 66T 'LL6TY '8V LY TYLY 01 L00Z WOy saseqeiep [ed1ul|d> pue
UN T UL LY '60LP-00LY 0Ly IAY eILYIAYLIR DRIPIED YH ‘A SAIRNSIUILIPE WRISAS 318D Y}eaH YA [£7] (7107) '[e 12 USSUSLIOW
uonisod 2i1npadoid 1o m_mo:mm_ﬁ_
uonepijep $9p0D 01/6-ADI uonjuysg DY polad dwil] pue 1noS ejeq 1e3) uoiedljgnd pue uoneid Apnis

(panunuod) L ajqey



Page 7 of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

[2S '05] AJuo uonepijea 40is

SIWRYIS] 10§ SAIPNIS OM] P11 SIOYINY
[0S ‘6¥] sopod

@D 95243 JO A2eINDDR Y3 P1epl|eA
A|snoiaaid 18yl Sa1pnis Omi 2112 sioyiny

[£¥] spiodal |edipaw
51U0J123|2 BUISN sUORIUYIP Swied
ay3 Bunepiea Apnis e pa1d sioyiny

dN

dN

dN

4N

"Mons

10} pariodal sem uoliepljeA oN [11]
I\ Joj 9p0d @D 2y12ads siy) buiziinn

%96 4O Add € PUnoj pue |AY JO elep
obieydsip |eudsoy buipod jo Adeindoe

3U) pa1epleA 18yl Apnis e 311D sioyiny

dN

dN

‘uonisod Alewlld

‘A1l|e1IOW JB|ndSen

-o1pJed [endsoy-ur {(6-ADI) X 9gh X veh
X' €€ DN0IIS DIWBYDS! X0 L SNV
‘uonysod Alewlld

“(6-aDl)

XOEy Xy X ey DH0NS XLy NV
dN

(1LdD) 966'76-08676 1D0d

(6-@DI) 0°€S8 '7G8 'TTS8 '0°TG8 XX
OEY KXY EY-XXOEY :9X0NS XXO L7 AV
dN

(6-aDI) Tev—0ey

0415 dIbeYLIOWSY ‘BEL—EEY

BH0NS DIWRYISI L L 0L :SDV

dN

(6-aDI) TEP-0£F 234015 dibeyloway
/€Y= 19X041S DIWBYDSI O L NV
‘uonisod Arewliid

“(01-aDI) 59 ¥91-09I

WIL/9N0NS 16°7C-0CCl ‘6L -0 LTl WY
dN

('s2inpad0.d uolieziie|ndseAal Jejpied
10} S9P0D (D) 2D 10U PIP SIOYINY)
“(01-aDl) 661-001 :Y3e3P AD ‘691-09I
OIS 1671 ‘STl 'Ol '€Cl- 1Tl :SDV

uonysod Auy

(6-ADI) SE¥ PUe | X'pey

| XCEEY "LEP—0EY MOS0 LY INY
dN

('suon

-eindwe apjue 3yl SA0Qe J0j SIPOD
dDI 9N 10U pIp sJoyiny) (01-AdDI) 991
‘GOl "€91 :ONS DIWBYISI HT |- LTl NV
‘uonisod Alewlld

(6-0DI) XX9Ly XX pEY

XX EEY D011 DIUIBYIST XXO L7 Y

A)jerouw JejndseAolpied
[eNdSOY-Ul ‘3041 DIWBYIS! AV

aMons ‘INY

1Dd 1045 "INV

ENS

dI6eYLIOWRY ‘BYO1IS JIUBYDSI ‘SIY
1eap asned |je ‘axoins

S16eYLIOWSY ‘D01S JIUBYIS! NV

43e3p 3SNED [|B V|1 /3%01S 'IAY

2Inpano.d uolezie|nd
-SBARI DBIPIED ‘UY1eap AD ‘9Y0A1S ‘SIY

SN0NIS NV

suoleindwe apjue ayl aroge
'Y1eap ASNED |[B ‘90415 DIWBYDS! ‘Y

20115 JIWBYDS! A

7107 01 G666 WOl aseqeied ydieasay
9DURINSU| Y1|eaH [euolieN uemie|

010¢
01 G661 WO} segrIep SdURINSU|
4DIe3S3Y Y1|BSH [eUOnEeN UBMIR]

600¢ 01 £00C
wolj (DId3) P13l [ea1pawl DU
dnoug [ed1paly slauledyieaH

L10¢
01966 WOJ4 3SegRIep 9OURINSU|
D1e3say Yi|eaH |euoneN uemie|

S1L0¢
01 $00Z WO} 9segrIep aoUeRINSU|
21e353Y Y3[BaH [BUONEN UBMIR]

010¢ ©1 /00¢ WO} oseqgelep salle
-PY3USE S3P 1S1[IFUID UO||ULYDT

L 10Z ©1900¢
wiou) 1215163y 1UdNed [pUOHEN Ysiueq

¥00T 01 8661 WOI) s3seqeIep uon
-ez||eydsoy Jo A11s161 29ganD ‘saseq
-e1ep pIeOq SdURINSUI Y1[eay 23ganD

0lo0c

01 8007 WOJ} WISAS UonPWION|
9DURINSU| Y1|eaH [PUOIEN YDUI

| LOZ 03 9007 Wolj dseqgeied [eiusw
-2|ddng a1ed1pay pue sisunoduy
pue sWie|D [B2J3UUIOD) UBISISN IR

[16] (9102) e 32 Yyiys

(871 (9102) '|e 39 NsH

[9¥] (9107) '[e 12 UNLIOH

[S¥] (9107) "[e 32 Buenyd

[¥¥] (9107) "2 32 Buayd

(7] (9107) e 18 ulig

[¢r] (SL0T) '8 12 |yepu=xy201S

[o¥] (S107) e 12 sloas

[6€] (S102) '[e 39 [955N0Y

[8€] (S10T) '[e 19 sauSIOY

uo1}S0d 94npad01d 10 sisoubelq
S9p0D 01/6-ADI

uol

1uyaqg 3DV

poLI9d dwil] pue 3>4n0S eleg J1edA uonedljgqnd pue uoneid) Apnis

(panunuod) L ajqey



Page 8 of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

‘sosodind Jusw

-9SINqUUIaJ 10y S|elIdsoy Uel|ey| [|e SSoude

pa1ePI[eA UD3Q 9ABY YDIYM ‘SLIeyd
261eYdsIp [eUdSOY WOol) PIASLIRI
S1am sasoubelp 1ey) 21els Sioyiny

dN

dN

dN

dN

dN

dN

15S 7S ‘€€l

VIL10) Add %96-CL PUe 40115 10} Add
%96 'V 10} Add %¥6 B 521341 's9p0d
@Dl dypads asayi buisn 1eyy buinens
-uowiap saIpn1s a|diNW paid sioyiny

dN

(6-aD1) 6178 8L T8
LLP89LY8'SLY8 ¥ Y8 'ELP8 ‘0L T8
:uoneindwe Jofew !| | €€y ‘9Ef ‘XX

YEY LEY 'OEY OIS | LY XX 0L 15DV

dN

(6-ADI) Le'vEY ‘06 7Y

'OYEY LLYEY OLVEY 'L YEY "LOVEY
'00¥EY '0FEY PEY D0AS O LY NV
dN

(6-@D1) L8'SPA

'66'9€-1'9€ '60'9€-50°9€ '€0'9¢-09¢
:UOI1eZIIB|NJSeASI 'S/ 71 11Salle
JeIpJeD J31Je UONIRIDSNSAI !/ E—0E
OAS L LY VN 600l INY

dN

(6-adN XL¥8

:uoieIndwie AUWIIXS JOMO| ‘68T
'1'87F '0'8TY '€6'V0F ‘€L Y0V "€ VOl
'LOYOr 'L6°COV 'L L'COY 'LOCOY ‘L6 LoV
HH XXOEY KXY EY XX TEY XX | € XX
"0 [0S DIWDYIS] XXO L NV

dN

(0L-aDN OLLI'LZ6I L9 ‘0SI - 4H #9I
'€9]: 940118 JIWRYISI ‘€T Tl ‘LTl INY
‘uonisod Alewlld

(6-ADI) CO'SYY ‘L8 YYY ‘T by Y OvY
'Y 0vy— LT 0vl RIWRYDSI quil| 21nde
XX | 77 :UO[ID3SSIP pue WsAinaue
OIMORILEVEY LLYEY 'LOTEY 'L X EEY
'6'TEY "L EY 9N0NS XXO LY NV

dN

“(6-aDI)

|'/66 15916 DB|pIeD '] | G PSP
Aeuownd 18| [ AV INOYUM
UoISN|220 AJBUOIOD SINJB !0 L7 :[INY

dN

(6-aD)

XGEY YIL XY X ey X LEY X0y
10U [T X 01 32X X O L NV

uoneindwe
Jofew ‘yieap asned ||e ‘2¥0.3s ‘SIY

aMous ‘Y

2INpa20.id UOIIeZIIR|NISeARI
De|pIeD ‘Y1BSP SSNED |8 “1S21IR JB|pIeD
131JB UONLIDSNSDI ‘34011S VN IV

uopeindwe Ayuwaixe
JOMOJ| '4H “9%011S dIWBYDS! NV

yiesp
9sNed ||e 4H ‘940435 DIWBYIS! ‘[N

BILIDYDS] UU| 93ND8 ‘UOND3S
-SIp pue WsAInaue D10 ‘3%o1s ‘A

152.Je de|pJeD ‘eWspPa
AKreuow|nd aaneladolsod ‘||AY 1IN0
-YlIM UOISN|220 AIRUOIOD 31NdY ‘A

VIL'®404s |V

7107 03 200Z Wol Apsequuio]
4O saseqeiep Yijeay 2AlRASIUIWPY

¥10¢ 01 #00C
wioyy asnoyaiepi eled sqeqwnido

cloc
01 6007 WOJ 9SegRIep 2oURINSU|
21e353Y Y3[BSH [BUONEN UBMIR]

10T 01 800¢
WO} WSAS yijeay [euoibas Auedsn|

€10¢ 01 €00C WOl 1¥VIHIAIMS

710C
puUB 0L0T ‘900C ‘'700T Woyj Sseqeieq
abaeydsiq [eudsoH [euonen ysiueds

L10Z 64
6007 WOl 35eqeiep dnoH ‘s21e1s 'S
(i nu woyy saseqelep Juanedu

L LOC 03 900¢ WO} piodail [eSIpaW
21U0J1D3|2 [PUASOH SUSWOAA pUE
wieyblig 01 padul| SWiepd 1edIPN

[¢9] (8107) '|e 19 eJvineg

[19] (8107) ‘e 12 dZULY

[09] (£107) '[e 33 Bbuny,

1651 (£107) '|e 12 opJedljod

[89] (£107) 'l 12 |yepur]

[£5] (£107) '|e 32 saueA-|anbi ap

[95] (£10¢) ‘[e 12 opezeqeg

[£51(9107) ‘fe 32 uowojos

uonepijep

uo1S0d 94npad01d 10 sisoubelq
S9p0D 01/6-ADI

uoniuysqg 1DV

poLI9d dwil] pue 324n0S eleg J1edA Uoedljgnd pue uonei) Apnis

(panunuod) L ajqey



Page 9 of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

dN

dN

T2 14 '5S] S9pod @D 9sayd
BUISN 996-68 JO Add © PR1R1ISUOWdp
aARY 1eY1 S31PN3S 3| NW 31D SIOYINY

[69] 90115 pue [89] |V 40} S9pOd
D1 bunepijeA saipnis 2112 sioyiny

4N

‘JH 10 20135 10§ A|[eoyIdads

elep uonepljea 1odal 10U op SIoyINy
[S9] IWY 103 Add %88 Ue 31D sioyiny

dN

dN
(01-QD1) €9~ 191 :9A0NS HZ-L Tl INY

4N

‘(01-aDl) 1261 ‘08l

‘0L L1 4H ‘29I-09] :301s dibeylioway
%91 '€9] :20NS JIWBYIS! ‘ZZ] LTI WY
‘uonisod Arewliid

(6-ADI) 20'L66 4ons dlusbone| | g

‘0€t Mons JIbeYLIOWSH 9¢et ‘| X ved

"L X" ONS DIWBYDS| (/8/€ '98'/€
'S8LEIESLE TS LE 1S LE 08 LE L LE
VLLESLLETLLE VLLE LIS VS0
'€60'25°0'15°0 050 Juswadeld
1oewaded 186°/€ /6'/E ‘96 L€ 'S6'LE
"v6'/€ AuswWade|d J01e||LIqYSP JSLSA
-olpied paruelduw] ‘g€ /€ '6£€ 2INSOP
sbepuadde |etie Yo '€z /€ TCLE
'17°£€ {UOIeZII121eD DRIPIRD) (6966
7966 1966 UOISISNOIPIED '€ /€
'£€°/€ [UONR|GR JeIpIeD '90'SE 'SO'SE
XE'GE XT'GE X1'GE XL0'GE X00'SE
:1ledal SAPA DILIOR IXZ'O€E X | 'O€ ‘990
:UOIIBZIIRINISBASI (0’961 '9'C6Y ‘0'C6Y
'6'L6Y ‘S L6V X8TY HH XOLY INY

N

(01-aol

9°€9] BUIPNPX® ‘L 'YEH X 9] X €9
X9 X' 19 X09] 1240415 XTT| X LTI INY

N

(6-adl)

9E} :9SLISIP JR|NDSLAOICRIRD (SEY 1|1
b ‘€€H 1UOISN|DD0 AISLIR [eIgRID

‘E Ly reulbue {| |y (QHI 0 LY INY

dN

(6-ADI) Xx8Ty

4H X0 £ EF-XXOEY Y0NS XXO L7 HINY

dN
"(6-QDI) 8EP—0EY :0NS 0Ly 'SV

aMous ‘Y

4H ‘oS
S16eYLIOWSY ‘D01S IIUBYIS! Y

9015 d1usboJ1el '9%0.1S D1Ibey
-JOWaY ‘90115 JlWayds! ‘luswade|d
J19xewaded ‘luswade|d Jole||Lgysp
Ja1anolpied pajue|dw| ‘ainsopd sbe
-puadde |euie 3] ‘Uoileziia1ayied
JeIPJeD ‘UOISISAOIPIED ‘UOIIR|gR
oelp.ed ‘Uedal aAjeA D11Ioe ‘2unpadoid
UOI1RZIIB|NDSBASI DRIPIRD YH ‘[N

1e9p 3SNED |8 ‘D40 ‘N

9Se3SIP 1e|NISLACI]RIDD
pPaUYaP-||l ING SINJ. ‘Y| 'UOISN|2I0
K111e |RIga1ad "eulbue ‘qH]| J2YI0 JAY

41e3p 3SNeD ||8 ‘4H ‘40415 |AY

Y1B9p 3SNED |8 '9%011S 'SV

€10¢-010¢ oseq

-e1ep PUN4 DULINSU| Y1[eaH [eUONeN (721 (8100) 10 19 SSi

G10¢ 01 S00C WO} 921AISS

9DURINSU| YI|edH [RUONEN URSIOY [€/1(8102) ‘e 12 Wiy

€107 Woyy aseq

-B18(] SUOISS|UPRY SPIMUOIIEN ST (041 (8107) '[e 33 Ui

G10C ©} C00C WOl oseq

-e1ep Weiboud 1yauag 6nig oueuo [£9] (8107) ‘[e 12 UtessnH

(SMun yijeay [ed0]| uelfey|

XIS JO S958qR1EP SAIIRIASIUILIPE) | |07
010107 Wouy aseqereq abieydsig
|eudsoH ‘aseqeieq sbnug [ed1n=d
-eulleyd syusnedu| pue syuaneding
‘aseqeled,s12algqng paisissy-yijeaH
€10c

01 | 007 WO} 3Seqeiep adurINsuU|
o1eas3y Yi|eaH |euoneN uemie|

L10¢
01 000 WOJ4 3SegeIep 9oUeINsu|
D1e3say Yi|eaH |euoneN uemie|

[99] (8107) ‘e 12 nsods3 116aQ

[¥9] (8L07) ' 12 N\

(€91 (8100) e 18 u_YD

uo1}S0d 94npad01d 10 sisoubelq
S9p0D 01/6-ADI

uol

1uyaqg 3DV

poLI9d dwil] pue 3>4n0S eleg J1edA uonedljgqnd pue uoneid) Apnis

(panunuod) L ajqey



Page 10 of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

1591 INY 10} S9p0d
@Dl paiepi|eA 1eyl Apnis 1D sioyiny

[c1-01] $9p0d @Dl =53

BuIsn 4H pue 9301s ‘A 10§ AudyIdads
pue AJAIISUSS pooH palelisuowap
aAeY 181 S3IpN1s a|dinW 3112 sioyiny

dN

dN

[8£°£4] 85€qRIRD SIY3 10) S9POd
@Dl 9591 JO 3SN Y3 PalepljeA aney
Ya1ym salpnis ajdinw 2112 sioyiny

dN
(6-AD1) 82 “4H ¥ Ly-0L¥ ‘AHI

UN
(6-aDI) 68T

Sy 8Th-0k'8TY V'S8T ‘€€ 8T-0E'8TY
'€T8TY-TT8LY 'L TSTY-0T 8Ty
‘T8TY-0'8Ty '6'STY—L STy 'S'STh
YSTY 'ESTh TSIy ‘8LISTh L LSTY
'I'STY-0'STh ‘€670 1670V 1620k
1120V ' LOTOY HH (065Y L L ey
‘L6EY :0NS 12601000 LY HINY
N

“(01-adl)

0'£SH 'XX'89] XX /9] XX G9| XX H9|
"TEI-0'E9N XX T9I XX TSIXXOE] ‘69
XX GTIXX €] X 0T ‘(6-ADI) 1SS/ XX
LSV XX GEY XXECH XX TEY XXET XX
LY XX LTH-XX Oy XX L LF-XX'G L7 XX
PLEXX | 17 (S8p0d @D Buimol|oy sy
10 2X01s ;__>_< Jo m>®b0m Uulylim ylesp
se pauyap) Yieap AD (0 1-adI) Xx99|
'6°€91-€°€91 XX 19] 'Xx'09] ‘(6-ADI) XX
9EY XX PEY XX L € XX OEY :90NS (01
-ADI) XX Tl XX 121 (6-ADI) XX 0L NV
UN

“(6-ad)
9EP—EEY D0 DIWBYISI 0L NV

dN

(01-A21) S¥D 791 ‘€91 '(6-ADN) X6 ¥ EY
Buipn|oxa ‘9ep -t :40ns (0 1-ADI)
¢al'Le o0zl (e-aon Ly '0Ly SOV
dN

‘6971 L9V \Y1esp AD

pue(0L-dDl) 6-0'€9] :S041s dIwayds!

4H ‘QHI

4H "40ns INY

41e3p AD '40NS I

0115 JIWBYDS! N

0115 DIWBYDS 'SDY

800¢
01 0007 W) 3segeIep aduRINSU|
21353y Y1|BSH [RUOBN UBMIR|

600C
01 GO0 WO} aseqeiep 123(0id uoll
-BZI|13N PUe 1507 2JeDY}|eSH BIUIOjIeD

9102 ©1900¢

WOy 35eCRIRP PAYNUSPI-IP SUieD)
pue SPI0J3Y Y1|PSH DIUOIIIS|F 9oUSp
-IAJ PHUOM [B3Y paielbaiu)  wndQ

€10¢
01966 WO} 9segRIRP SDURINSU|
4DIe3S3Y Y1|BSH [RUOnEeN UBMIR]

WL

1 10Z 01 000¢ Woij
1915169y Y183 JO Sasned) [euoneN
1915169y 9b1eydsig [eudsoH |euoneN

€102 019007 WO}
VIH43S AnsiBai-gns ‘TYYIHIAIMS

[¢8] (6107) e 18 uayD

(18] (6107) 2 12 n0RUIY

[08] (8L02) '[e 13 Buno

(6] (8107) '[e 13 Bbuex

[9/1(8107) '[e 313 |]2uUiM

YN 6-82211-0TT 61Tl -0 LT A 183 7D ‘SHONS DIWSYIS! TAY Ansiba1 Ajenb [euoneu ysipams (521 (8107) e 12 WYO
uonisod ainpadoid 1o sisoubeiq
uonepijep $9p03 01/6-ADI uonyuya@ YW POLI3d W] pue 52IN0S Bleq  1ea) uonedyigng pue uonelrd Apnis

(panunuod) L ajqey



Page 11 0f 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

dN

dN

'[59'05] =seqeiep
SIy1 Buisn 8%011s pue | 10 S9p0d
@DI BunepijeA saipnis oml 1D SIoyINy

dN

dN

106-£8'59 '05] $8p02 @D 8584}
Jo Adeindde oY1 paiepliea Ajsnoiaaid
1ey1 sa1pnis ajdninw paid sioyiny

dN

‘[50] aseqeiep siy1 Buisn [y J0j S9POD
dDI pa1epljeA 12yl Apnis 211 sioyiny

dN

(6-ADI) 18'SPA'66'9€-19¢

DY 60'9€-50'9€ '€0'9€-0'9€ “IDd
'LEV—0EY 0NS ‘60LY-0LY NV

dN

(01 pue 6-adDI)

051 '8¢k 4H %91 €91 291 'L9I 'Yy ‘TEY
"LEY DMONSET| 'CT LTl LY 0L WY

HN
(6-0DI) 98 X b e
XEEY DO AWIYDS! X0 L HINY

4N

(6-adl)

(XTEY "LV JO UOISNIIXS Y3 YIMm)

L XpEY "L XEEY YOS ‘T LY 0L IV

dN

(6-aDl)

8EY—0EY :D0NS 'L €'/ ‘uone|uqy
[el1e 87y 4H ‘OLY IWY ¥ Ly—0Ly VD

aN

(6-ADI) ¢1'8E "L 1'8E

VSTIN'BEY 'LEY-0EY 195e3SIP Jejndsen
-01G2192 '87¥ ‘4H '8'LE '5'88 '6'9€ '€'9¢E
'T9E"1'9€ '0'9€ 29900 ‘T8'SPA L8 SYA
VIV ELY LIy 'QHITLY 0L WY
‘uolisod Alewd

‘sainpadoid

UOI1eZIIB|NDSBARS DBIPIED JO) SOPOD
@D1 SU2 30U PIp sioyny (0 L-dDI) ‘99
'SOI €91 W30S DIWaYdS ye— L) ‘AHI

dN
(6-ADN) 8 4H W Ly=0Ly ‘QHI

dN

(01-aDD 6'55M

VAT LS L LA VL0 L
"16°0L1'180LI "LTOLI 'LOOLI WUSAS
1B|NJseA JaY10 ‘0°£91 ‘991 'Sl %91 ‘€9I
'291"191'091 '6'7EH TYEH "L 7EH 'OvEH
‘OvD) 'G¥D JUDAS JR|NDSRAOICR18D

asned-{le 'OgyD '1Dd ‘oS Y

3H '0ons AV

2340415 DIWBYDS! [N

1e9p ISNed-||8 ‘%01 ‘A

9¥0.15 ‘Uole||UqY [BLIe YH ‘QYD

y1eap asned |je
'95835|P 1B|NISLACIGRIDD HH ‘AHI IV

ainpado.d uonezile|

-NDSeARI DRIPIRD ‘B30.1S DIWBYDS! ‘JH|

4H ‘QHI

1UDAS Je|NDSEA Ja10 1UAS

C10¢ 01 800¢ WOl} eseqele( Ydleasay
9DURINSU| Y1|eaH [euolieN uemie|

¥10Z 01 £00T WOl (epeued
‘eqj0}IUBA) BGOMIUBIAl JO SIIAIDS
onsoubelq pue ‘asegeleq 10eisqy
2b.1eydsiq ‘SaIAIRS [BIIPSIN AA1sIBaY
9OUBINSU| U1{eaH BOMURI 94|

| L0C 016661 WOI) oseqgeied yolessay
ooueINsuU| YljesH |euolieN uemie]

G10Z-110Z '010Z-600¢ '800C ©1
007 Woj (HOHAI) Spioday ableydsiqg
[eUdSOH JO A11SI63Y [RUOEN Uelfe)|

1 LOZ 0} 000 W01} 3seqrie( Ydieasay
2dUBINSU| Y}|eaH [euoneN uemie|

010¢
016661 WO} 9sLgRIep SDURINSU|
21353y Y3eaH [euoneN uemie]

107 01 900 WOl} aseqeled uohew
-10JU| Yi|eaH [euoineN uealoy yinos

€10¢
01 000Z WO} 3segeIep SoUeRINSU|
42Ie3S3Y Y1|BSH [eUOnEeN UBMIR]

710C 01 Cl0C
WO 3IPe[RIA DURINSSY,| 3P SaWIO2Y

[6] (0207) e 2 UN

[¥6] (0207) "2 19 Ja1INOg

[€6] (6102) 212 UN

[¢6] (6107) ‘e 12 nppainiy

[L6] (6102) 812 17

(98] (6107) '[e 39 ony

[S8] (6107) "[e 12 W)

78] (6102) ‘e 38 yansH

dN ;VNf ;MN_ ~NN_ ;—Nf ;ON_ JU2AD \CMCOLOU Lm_DUmm>OLQ®LmU TUSAD \CmCOLOU -1o1U| COEGELO\A_C_\_U _mCOEmZ @Cz_wpm\ﬂm ﬁmwg Am —ONV .7m 10 _m:O
uonisod ainpadoid 1o sisoubeiq
uonepijep $9p03 01/6-ADI uonjuya@ YW POLIad W] pue 52IN0S Bleq  1ea) uonedyigng pue uonelrd Apnis

(panunuod) L ajqey



Page 12 0of 18

(2021) 21:241

Bosco et al. BMC Med Res Methodol

1jeub ssedAq K1911e A1eU0I0D) DGYD ‘UOIIUIAIDIUL K1RUOIOD SNOBUBINDIR [Dd DB JIWBYDS] JUSISURI] V[ ‘DIN|iey 1IeaH HH ‘Dseasip Jejndsea [esayduad gAd ‘eulbue ajqeisun
v ‘aseasip A1ayie A1euoiod gy ‘@woipuAs £1eUoiod 33ndy SO ‘9SeasIp 1eay JIWSYDS| JH/ ‘UOIIdIR)UI [eIPIRDOAW SINDY [IATY ‘JB[NdSeAOIPIRD) /D ‘S95easId JO UOIIIYISSe|D) [RUORRUIDIU| (D] ‘Pa1iodal JON YN SUOIDIA2IGQY

‘uonisod Auy
"(01-aDI) 691091 :Y3L3P AD €9

‘800C 01

€007 WO (SIHNS) 921AI9S dueINSU|
Y[eSH [RUOIEN UBI0Y 31 G
(@D3-SIHN) 8seqeleq 1oyod Ajiap|3

YN 940AS \GCI-0¢1 *AHI ‘T'ST ‘€T LTl INY ‘1esp AD pue ‘940i1s ‘gHI INY -9DIAISS 90URINSU| Ul[esH [euoleN [86] (0207) ‘[e 32 Buoas
“‘710¢ 01900¢
WOl W1SAS Uonesibay (1D ysiueq
31 pue (gdNY) aseqeieq uondiosaid
AUSISAIUN Snyley 2yl ‘Aisibay
dN 1Ualed [UONEN Ysiued Su3 ‘(WMFV )
(01-aDl WID)SAS UoeWIO)Ul A101RI0CE| [BDIUl)D
dN SOl %9l ‘791 'L91 :0NS 1L 7| INY “A1jeniow asned-jje ‘o4oas ‘Y a3 buipnpoul exep yijeay ysiueq [£6] (0207) '[e 12 Uasialad
dN
(01-aDl) 964 '661-561 /8l
-101:Y3esp AD #9I-€91 'L 9I-09] :9%0i1s
“(S0-00DN4Y “ODSIWON “1Dd “INM S10Z 0} €007 Wouy Apnis
4N -V4NY {ODSINON ‘OgVvD ‘Tal- LTl INY "1eap AD ‘9%041S '1Dd ‘OgVD IWY uonejndod [e;ousn usbeuadod (96] (0Z0C) '[e 3= Usspey
uonIsSod 94npadoid Jo sisoubeiq
uohepijep S9p0) 01/6-ADI uonuyag 3DV poliad dwi) pue 3Inos ejeq e uonedljgnd pue uopnelr) Apnis

(Panuiuod) L 3|qel



Bosco et al. BMC Med Res Methodol (2021) 21:241

Table 2 Most common components of MACE (N = 58 studies)

Page 13 0f 18

MACE Components ICD-9 ICD-10 Both ICD-9/10

Individual components
AMI (n =45) 29 14 2
Acute coronary syndrome / Ischemic Heart disease (n = 18) 12 5 1
Stroke (n =50) 30 17 3
Heart failure (n =15) 12 2 1
All-cause death (n =15) 10 5 0
CV death (n =9) 1 6 2
Revascularization (n =11) 7 4 0
Other (n=19) 15 3 1

Combinations
Three-point MACE: AMI 4 Stroke+CV death (n =5) 1 3 1
Four-point MACE: AMI+ Stroke+UA + CV death (n =0) 0 0 0
Five-point MACE: AMI 4 Stroke4+UA + HF 4+ CV death (n =0) 0 0 0
AMI + stroke+all-cause death (n =8) 5 3 0
AMI + stroke+HF + CV death (n =0) 0 0 0
AMI + stroke+HF + all-cause death (n =2) 1 1 0

Abbreviations: MACE Major adverse cardiovascular events, ICD International Classification of Diseases, AMI Acute myocardial infarction, CV Cardiovascular, UA Unstable

angina, HF Heart failure

definitions were “AMI and stroke’, and “AMI, stroke,
and all-cause death,” but they only made up 15.5 and
13.8% of studies, respectively. Compared to MACE
definitions used in RCTs, only 8.6% of included obser-
vational studies had definitions aligned with three-
point MACE and none match four-point or five-point
MACE. A large majority of studies included AMI and
stroke but there was a lack of consensus with other
components included in composite MACE endpoints.
For instance, over half of included publications defined
MACE using a definition that only was concordant with
up to one other study. This diversity makes it challeng-
ing to compare findings across studies or to aggregate
multiple study results for meta-analyses or system-
atic reviews when considering different treatment or
research questions. Addressing the heterogeneity of
MACE definitions used in practice requires attention
due to the advantages of the MACE endpoint. Utiliz-
ing MACE as a composite outcome can potentially
reduce the number of patients that need to be enrolled
or identified in a retrospective cohort study, and reduce
the follow-up time necessary to observe differences
between different treatment groups [99]. These ben-
efits not only potentially reduce research costs but can
more expediently answer clinical questions, leading to
improved patient care. Therefore, given that MACE
endpoints will likely see increasing use as time goes on,
there should be a continued effort to standardize and
transparently report MACE definitions used in obser-
vational studies.

In 2007, findings similar to our study were observed
when comparing prospective trials conducted for percu-
taneous coronary interventions [100]. However, although
the FDA in 2008 and the EMA in 2012 attempted to
standardize the MACE endpoint definition for RCTs, we
found a continued discordance between how observa-
tional studies define MACE. Furthermore, we found that
the majority of studies did not include mention of the
diagnosis position used to define outcomes. Lack of this
information prevents the ability to distinguish between
incident and prevalent outcomes. While the primary posi-
tion has been historically used in observational studies to
define incident outcomes, the use of only primary diag-
nosis positions, compared to using secondary positions,
may underestimate the rates of MACE for prevalent con-
ditions [101]. The lack of reporting of diagnosis position
prevents the ability to make this distinction and prohibits
the full interpretation of findings.

Table 3 Most commonly used MACE components

MACE Components Frequency, n (%)
AMI, stroke 9(15.5)

AMI, stroke, all-cause death 8(13.8)

AM, stroke, CV death 5(8.6)

ACS/IHD, stroke 3(5.2)

AMI, stroke, HF 3(5.2)

Other definitions (<2 studies using each) 30(51.7)

Abbreviations: MACE Major adverse cardiovascular events, AMI Acute myocardial
infarction, CV Cardiovascular, ACS Acute coronary syndrome, IHD Ischemic heart
disease, HF Heart failure
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Table 4 ICD codes by clinical outcome
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Outcome ICD-9 code ICD-10 Code Both ICD-9/10 Codes

AMI (n =45) 1.410xx (n=21) 1.121.xx, 122.xx (n =5) 1.470xx, 121.xx,122xx (n =1)
2.410xx,412xx (n =3) 2.121xx (n=4) 2.410-411.xx,121-123xx (n =1)
3.0ther (n =5) 3. Other (n =5)

ACS/IHD (n =18) 1.410xx-414.xx (n =3) 1,121 xx-124.xx (n =2) 1.410xx, 411.xx, 120.0, 121.xx, 122xx (n =1)
2.410xx,411.xx (n =2) 2.Other (n =3)

3.0ther (n=7)

1.433.xx,434.xx,436xx (N =4)
2.430xx-437xx (n =4)
3.0ther (n =22)

Stroke (n =50)
2.163xx (n =3)
3.0ther (n=11)

Heart Failure (n =15) 1.428.xx (h =6)
2.0ther (n =6)

CV Death (n=9) 1.None listed (n =1)

1.163.xx, 165.xx, 166.xX (N =3)

1.111.0,150.xx,197.1 (n =1)
2.150.xx, K76.1,197.1,111.0 (n =1)

1.100.xx-199.xx (n =2)
2.146.1,1469 (n=1)
3. Other or none listed (n =3)

2.430.xx, 431.xx, 434 .xx, 436.xX, 160.xx, 161 .xx, 163.3-163.9, 166.
xx(n=T1)

3.433xx-436, excluding 434.9%, 163, 164, G45 (n =1)

4,431 xx-432.xX, 434.xx, 161 xx-164.xx (n =1)

1.428.xx, 150xx (n=1)

1. 4171 xx-414.xX, 415.xx-417 xx, 420.xx-427 XX, 428 XX, 429.
XX, 432.xX, 433.xX, 435.xx, 437 xx, 785.51, 120.xx, 123 xx-125.xX,
146.9, 130.xx-152.xx, 162.xx, 163.0-163.2, 164 XX, 165 XX, 167 XX, 168.
xx, R57.0(n=1)

2.410xx-414.xx, 428.xx, 430.xx-438.xX, 120.xx—-125 XX, 150.XX,
160.xx-169.xx (N =1)

Abbreviations: ICD International Classification of Diseases, AMI Acute myocardial infarction, ACS Acute Coronary Syndrome, IHD Ischemic Heart Disease,

CV Cardiovascular

Heterogeneity not only existed in defining MACE com-
ponents but also in which ICD-9-CM and ICD-10-CM
codes were used to define each individual MACE com-
ponent. In our study, none of the top five components of
MACE had a consensus ICD-9-CM or ICD-10-CM code
that was used among all of the studies. These discrep-
ancies contribute additional variability to our findings,
as outcome classification, assuming a standard defini-
tion, inherently relies on the providers and medical bill-
ers accurately coding diseases. For example, in a study
conducted in 11 Canadian emergency departments,
the authors reported about 82-86% of agreement with
regards to coding hospital conditions [102]. Addition-
ally, a study looking at stroke data collected through the
United States Paul Coverdell National Acute Stroke Pro-
gram found that discordance existed with how strokes
were coded, especially at smaller hospitals (<200 beds)
and when differentiating between ischemic strokes, tran-
sient ischemic attacks, and subarachnoid and intracer-
ebral hemorrhages [103].

There have been many attempts to validate diag-
nosis or procedure codes for various MACE compo-
nent outcomes [32, 104]. Research has predominantly
focused on the older ICD-9-CM codes, particularly
studies using U.S. administrative data, but studies uti-
lizing ICD-10-CM have more recently been published.
Using data from the Centers for Medicare and Medic-
aid Services, a 2018 study found that the most accu-
rate ICD-9-CM code for coding AMI was 410.xx, with
a positive predictive value of 67% [104]. Addition-
ally, the U.S. FDA commissioned the Mini-Sentinel

pilot program to systematically assess the validation
of common healthcare outcomes in administrative
databases [32]. These studies were important steps to
identify standard outcome definitions for use across
disparate data sources and populations. As part of
the program, systematic literature reviews from the
U.S. and Canada found that the most accurate ICD-
9-CM code for heart failure was 428.xx, with a posi-
tive predictive value of 84-100%, while the most
accurate ICD-9-CM codes for stroke were 430.x, 431.x
and 434.x, all with separate positive predictive val-
ues >80%, and 436.x, which had a positive predictive
value >70% [32, 33]. The Mini-Sentinel program also
assessed the ICD-9-CM codes, 410.x 0 or 410.x 1, for
AMI and found a positive predictive value of 76.3—
94.3% [105]. Fewer validations exist for ICD-10-CM
codes. One study conducted in Japan attempted to
validate the ICD-10-CM code I21.x for AMI and
found a positive predictive value of 82.5% [106].
Another study in Canada found the positive predic-
tive value for correctly coding stroke was 92% for the
ICD-10-CM codes, 160.x-161.x, 163.x-164.x, H34.1 and
G45.x [69]. Based on our findings, the most common
ICD-9-CM and 10-CM codes used for AMI were also
the most validated, 410.xx and I21.xx, respectively.
The most validated and most common ICD-9-CM
code used for heart failure was 428.xx. On the other
hand, stroke had some discrepancies when comparing
the most validated versus the most commonly used
ICD codes. This discordance likely existed because
of the differences with which stroke can be defined,
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particularly whether to include acute ischemic strokes
with transient ischemic attacks, intracerebral hemor-
rhages or subarachnoid hemorrhages [69].

There are several limitations to our study. We
excluded papers published before 2010, prior to the
first published reviews of the Mini-Sentinel program,
in order to present a contemporary review of the
subject [32]. However, this cutoff likely skewed our
results towards more modern MACE definitions and
excluded different definitions that were potentially used
for older publications. Older studies likely exhibited
greater variety in the outcome definitions used. Addi-
tionally, because the words “major adverse cardiovas-
cular events” were rarely explicitly written, we had to
include any composite definitions that were thought to
represent MACE but were listed using another com-
posite name, such “acute cardiovascular events,” based
on the discretion of the reviewer. This method poten-
tially excluded studies that used variations of MACE
endpoints, but did not conform to similar naming
conventions.

Conclusion

Significant heterogeneity exists in how MACE is defined
and which ICD-9-CM and 10-CM codes are used to rep-
resent each respective MACE outcome in observational
studies using administrative databases. The utility of
future studies will improve with the use of validated defi-
nitions of AM]I, stroke, cardiovascular mortality, unstable
angina, and HF for the evaluation of MACE outcomes.
Further, investigators should ensure that both the ICD
diagnosis codes and the code positions are reported in a
transparent way. Given the significant heterogeneity that
already exists across administrative databases, we recom-
mend the use of more standardized MACE definitions
and corresponding ICD-9-CM and ICD-10-CM codes.
This practice will allow researchers to more accurately
compare findings across studies improve the reproduc-
ibility of observational studies, and decrease the potential
for misleading conclusions.
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