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Appendix 1. Data extraction and coding manual for the
systematic review

Below is a list of data items that we want to extract from included studies into the Excel spreadsheet
provided. Please ftow the instructions/examples as closely as possible when you go through each
item.

Some items require free text while others require some sort of classification / coding. For the latter
the codesare listed in the table below. If none of tlhedesseemsto be appropriate, you can always

02 RS hAIKEWRSY y2yS 2F GKS O2RSa A& adaAadlrofSo 2N U
O2RS&a (2 OK22aSu IyR (GKSyYy Lizi FdzZNIKSNJ RSGIFAf & dz3
firstly select the relevan®Sf f ¥ GKSy NAIKG Of AO1 FyR OK22aS GKS

2 KSYy GKS RS&AANBR AYyTF2NXIGAZ2Y 61 & y2i RSaAaONROGSRKN
reported). Sometimes an item is not relevant for a particular study, in which can you cardéntér Q

(not applicable).

Item

Free text to enter /
codes

Explanation

Study characterist

ics and methods

Author year(Free text)

First author and year
of publication
e.g. Albright 2009

¢KS FTANBROG | dzi K2 NDRa f
publication of the paper.

initials DD/MM/YY)

ID The record number | This is provided in the file name of the paper
(Number) for the EndNote

database
Extracted Identity of the Please enter younitials and date on which
(Reviewer initials reviewer carrying out | data extraction for this study was completed,
DD/MM/YY) data extraction and | e.g. XA 19/04/16

the date when it is

carried out
CheckedReviewer Identity of the Please leave this blank (to be complethding

reviewer carrying out
data checking and the
date when it is carrieg
out

data checking)

Further comments
(Free text)

Free space

This is a free space for you to add any

comments and observations not captured in
the extracted data or raise any questions to |
discussed

Country
(Free text)

Name of country or
region
e.g.USA; six Middle

Eastern countries

The name of the country/countries where the
study was conducted. Further information on
region/location can be entered as comments




Study period
(free text)

Year(s) for which data
were collected
e.g. 2001; 1994
2002

Please record year(s) and months (where
reported)

Data source
(free text)

List the source of the
data, e.g. HES, HCUR
NIS; or code as
9 adhoc

Please record the name of the
database/registry/audit either abbreviation
(if availableg please record full namin the
OSftt O2YYSydo 2NJ ¥Fdf
which indicates that the data was collected
specifically for a study without a study name

Type of data source
(code)

1 Administrative
M Clinical

/ 2 RS! R¥AA YW afihdldain sahé& fiom
a routinedatabase such as HES in England ¢
bL{ Ay {K®D ATk e
from ad hoc registry or audit in which clinical
information was also collected.

Accuracy of data
source
(free text)

List information
concerning the
accuracy and
compleeness of the
data source

This is usually in the form of previous studieg
(e.g. comparison of coding accuracy). If no
AYTIF2NXYIEGA2Y 61 & LINRG

Inclusion/exclusion
criteria
(free text)

Enter (copy & paste)
the criteria for
selecting patients /
admissions into the
study and the
rationale behind the
criteria (if provided)

WwWSO2NR abwé 6KSNB | L

Crosssectional or
longitudinal (type of

i Crosssectional
1 Longitudinal

/ 2 RSCrdssa S®© (i K the/data Were
analysed as onperiod (irrespective of

data) 1 Both whether it spanned over several years); code
(code I § 29 3 A lifdiRawére Eollected and
analysed for more than one year (e.g. repeat
crosssectional data by years) and allowed th
observation of changes over years. Can cod
W R AT 020K Iy 2@SN]
down result by years are reported.
Nature of admission: | § Yes /I 2RS, $&QY Wbh2Q 2NJ V!
i Emergency 1 No the admissions.
i Elective f  Unclear (please | If the studyinclude all hospital admissions
i Maternity explain) vvvithovutns:pecific inclusion/exclusion criteria,
(code O 2 R SSt@4all three types of admission.
Procedures involved: | § Yes /I 2RS, $&QY Wbh2Q 2 NdaiW!
i Medical f No type of procedures involved in the admission
i Surgical f  Unclear (please | If the study include all hospital admissions
U Childbirth explain) vvvithovutAs:pecific inclusion/exclusion criteria,
(code O 2 R SSt@4all three types of admission.




Type of patients: T Yes /I 2RS, $&QW Wbh2Q 2NJ V!

U  Adult 1 No type of procedures involved in the admission

U Paediatric f  Unclear (please | If the study include all hospital admissions

i Maternity explain) vvvithovutAsApecific inclusion/exclusion criteria,
(code O 2 R SSt@uéll three types of admission.

Comparison 1 VYes Choose the most appropriate code or code

U Weekend vs 7 No H (i K&hdldcord further details in the cell
weekday f  Unclear (please | comment.

i Outof-hours vs explain)

regular hours
(code

Definition of weekend
/weekday (and/or
out-of-hours)

(free text)

Please record (copy §
paste) the
definition(s)

e.g. weekend was defined as from xx hour o
Friday to xx hour on Monday; whether other
public holidays were included.

Reference day/time
and rationale
(free text)

Please record the
reference daytime
period) used to
estimate the
weekend effect (and
the rationale if

If more than one reference day or time periog
(against which weekend admissions were
compared) was used, please record all (and
where reported, which was used in the
primary andysis, the rationale and whether
this was prespecified).

stated)
Sensitivity analyses by| § Yes / 2 R SSigdee study had estimated weeken(
using different 1 No effects using more than one reference
reference day/time day/time
(code) Otherwise codéP b 2 Q
Subgroupanalyses by | 1 Yes / 2 R SSigdee study reported weekend
condition(s) 1 No effects for specific conditions/diagnoses in

(code

addition to an estimate for all admissions
Otherwise codelb 2 Q

Additional analyses
(free text)

List any other
comparisons or
analyses that were
carried out

For example additional comparisons betwee
night time vs day time; analyses based on
different definitions of weekends or outcome
(e.g. #day mortality vs 3@lay
mortality);analyses of mortality risk by numbe
of days since admission; etc

Final sample gie
(number)

List the total sample
size in terms of
number of admissions

Final sample size is defined here as the num
of admissions included in the analysis. If the
unit was the number of patients, highlight thig
in the cell comment.

Initial samplesize
(number)

List the initial sample
size before any
exclusions were
made; or code

9 No exclusion

T NR

Initial sample size is defined as the number ¢
admissions included in the initial sample
before any exclusion (e.g. due to incomplete
data) was made.

Number of hospitals
(number)

List the number of
hospitals from which
the admissions were
sampled

Record the number of hospitals and put
additional information (such as the number o
NHS Trusts) iBGomment




Mortality
(code

T Yes
T No

/ 2 R SSigtee study examined weekend
STFSOG 2y 2didrotd (&

Mortality definition
(free text)

Record how mortality
was defined/
measured in the
study, e.g. irFhospital
and 30day

Please record all measures if there is more
than one, e.g. ifhospital mortality and 9@lay
mortality.

Adverse events (AES)
(code)

T Yes
T No

Adverse events (AEs) are defined here as ar
undesirable events (other than death) that
may be caused by medical management rath
than the underlying condition of the patient,
e.g. surgical complications. This definition dg
not imply preventability.

Interventions and procedures that are carrieg
out mainly to deal with AEs rather than as pg
of the routine management of a condition arg
sometime used as indicators for the
occurrence of AEs, such as some of the item
included in the Patient Safety Indicators. The
will also be considered as AEs for this review

/ 2 R SSigee study examined weekend
STTSOG 2hyRikddnotl y R W

AE definition
(free text)

Recordwhat AE(S)
were examined and
their definition(s)

Include methods for identifying AEs where
relevant (e.g. using ICD codes or review of ¢
notes etc.)

Length of stay (LoS)
(code

T Yes
T No

/ 2 R SSigdee study examined weekend
effect on the length of stain the hospital and
Y 2ifk did not.

LoS definition
(free text)

Record how LoS was
estimated

WwWSO2NR WYbwQ 6KSNB L

Patient satisfaction
(code

{ Yes
 No

/ 2 R SSigdee study quantitatively examineg
6SS1TSYR STF¥FSO0 2y bR
if it did not.

Patient satisfaction
definition
(free text)

Record how patient
satisfaction was
measured

e.g. what questionnaire was used or what/ho
the question was d=d.

Other outcomes of
potential interest

Record any other
outcomes not listed
above that were
reported and might
be useful

€.g. any process measures or costs
information.
wSO2NR Wb2ySQ 6KSNEB




Variables/factors
adjusted for
(free text)

List ALL variables tha
have been explored
and/or included in the
final multivariate
model; or code as
 None

These could include:

Patient demographics and clinical conditipns
such as age/age group, sex, race/ethnicity,
insurance type, diagnosis/diagnoseated
group (DRG), comorbidity etc.

Physiological measuréisat reflect the
ASOSNRAGEKTNIAfGEekAYaA
conditions, such as blood oxygen saturation,
pulse rates and other blood biochemistry.
Provider characteristicslefined as features of
health care organisations or health care
professionals that could influence the capaci
to provide high quality health care, such as
hospital teaching status, hospital sizes,
specialist centre designation, level of staffing
(e.g. presence of consultantsirse to patient
ratio) and training or qualification of the
doctors.

Other variablessuch as measures of clinical
processes (e.g. guideline adherence) or leng
of stay etc.

Demographic; age
(code

Yes
No
NA

= =4 =4

/ 2 R SSig4¥Qe or age group was adjustad
the multivariate analysis to estimate the
weekend effectpr if the reported mortality
NIFGS 461 a WwWadl yRINRAA
| 2ROS2X® Al sl NMQYyRETD /
multivariate analysis was not performed.

Demographiag sex
(code

Yes
No
NA

=A =4 =4

/ 2 R SSig$@x/gender was adjusted in the
multivariate analysis to estimate the weeken
effect, or if the mortality rate was
WAGFYRIFNRAASROQ 2N WY
| 2ROS2A® A0 ol NMQYyREGTD /
multivariate analysis was not performed.

Demographicg
race/ethnicity
(code

Yes
No
NA

=A =4 =

| 2 R SSig&xre/ethnicity was adjusted in the
multivariate analysis to estimate the weeken
SFTSObheXF2RE WINAQYRT
multivariate analysis was not performed.

Demographicg
deprivation
(code

Yes
No
NA

=A =4 =

/ 2 R SSig¢@privation, a related index or
other measure of socioeconomic status (e.g.
insurance type, social class) was adjusted in
the multivariate analysis to estimate the
$SS1TSYR S DR&Onasmot/ GddeS
WAQ A F Y dzhalysis@vashdt | (0 S
performed.

Reserve; comorbidity
(code

Yes
No
NA

= =4 =

/ 2 R SSig¢dmorbidity such as Charlson
comorbidity index was adjusted in the
multivariate analysis to estimate the weeken
STFTSOb®AXF2RE WINAQYyRE
multivariate aralysis was not performed.




Diagnosis or diagnostiq  Yes / 2 R SSisdagnosis, diagnosiglated group

group 1 No (DRG), types of surgery (e.g. appendectomy

(cod® T NA KAL) NBLJ I OSYSyG0o 2NJ
adjusted in the multivariate analysis to
estY S GKS 6SS| Hpit S
gl & y2INM /AZFRSrd#® G A DI |
not performed.

Acute physiologyor | 1 Yes /| 2RSSA® a2YS YSI adzNB3

related score (e.g. 1 No acute physiology such as NEWS score, bloo

NEWS) 17 NA oxygen saturation, pulse rates or other blood

(code biochemistry was adjusted in the multivariatg
analysis to estimate the weekend effect. Coqg
W20F AG g NAQY R T diafdiz? R
analysis was not performed.

Hospital characteristic§ § Yes / 2 R SSi&¢fe or more hospital

(e.g. teaching status, | § No characteristics was adjusted in the multivaria

bed size) 1 NA analysis to estimate the weekend effect. Cog

(code W20F AG gl NMQYyRTOYHL R
analysis was not performed.

Treatment pathwayg 1 Yes / 2 R SSig4ee types of admission related to

emergency/urgentvs | § No emergency/urgent vs elective admissions wg

elective 7 NA adjusted in the multivaria analysis to

(cod® SalAYlIGS GKS ¢ SIB2i@y R
gl a y2N /AZFRSI KYS & G dzf
ONLY ONE of the following: emergency
admissions, elective admissions, deliveries
(childbirths); or if multivariate analysis was n
performed.

Treatmentpathway¢ | Yes / 2 R SSigdee types of admission related to

medical vs surgical 1 No medical vs surgical admissions was adjusted

(code 7 NA the multivariate analysis to estimate the
$SS1SYR S DHR&Oasmot/ GddeS
WAQ AT GKS onDONER ®NEFoPtik
following: medical admissions, surgical
admissions, deliveries (childbirths); or if
multivariate analysis was not performed.

Route of admission 1 Yes / 2 R SSi&tiee route of admission was

(code 1 No adjusted in the multivariate anadjs to

T NA SAGAYIGS GKS ¢ SBRiidhy R

study included emergency admissions but th
route of admission was not adjusted. Code
WAQ AF (GKS NRdziS 27F |
be varied or important, e.g. for elective
admissions and deliverieshiibirths); or if
multivariate analysis was not performed.




Process measures or
mediating /
intermediate variables
adjusted for

(free text)

List (if any) process
measures or
mediating variables
that were adjusted in
multivariate analysis

These could inclle variables such as delay in
receiving treatment or surgery, experiencing
complication or adverse event etc. The
purpose of including such variables in
multivariate analysis is usually to demonstrat
that the variable(s) in question contribute/lea
to the final outcome (death). For example, if
 R2dzadYSyd 2F WSELISN
diminishes the weekend mortality effect
related to surgical admissions, then it could |
inferred that higher mortality at weekends
GSNBE aYSRAIFGSRE GKN2
experiencing a complication among weekeng
admissions.

Assessment of model
fit & the results
(free text)

Describe methods
used to evaluate how
the statistical model
performs in terms of
correctly predicting
the outcome and the
results

This could be&lescribed as area under the
receiveroperating characteristics (ROC) cury
c statistics etc.

Odds ratios reported
for all variables (i.e.
not just weekend vs
weekday) included in
multivariate model
(code

T Yes
T No
T NA

In multivariate analysis (e.g. logisti
regression), an odds ratio (or other effect
measures) should ideally be reported for eve
variable included in the model so that we kng
whether and how much these variables can
influence the outcome of interest (mortality
F2ff26Ay 3 | RB2XAAN2 VIH
only reported the odd ratio related to
weekend vs weekday admissions (the main
explanatory variable of interest) but did not
report odds ratios for other explanatory
variables included in the model (e.g. age
IANR dzLE O2 Y2 ND A K& aidvle S
is provided which shows odds ratios for all
G NAF ot Sa AyOf dzZRAR A
multivariate analysis was not performed.

Significant predictors
from multivariate
analysis (please list)
(free text)

List all variables
(other thanweekday
vs weekend
admissions) which
were found to be
statistically significant
in the multivariate
analysis

The information (if available) can usually be
found in a table that shows the results for
multivariate analysis.

Just list the name of the variabteno need to
record the numerical data at this stage.

Risk of Bias The items below are modified from the Newcastle
Assessment Ottawa quality assessment scale
Selection




Representativeness Select ONE option a) truly representative of the average weekel
of the weekend from a) to d) admissions

admissions b) somewhat representative of the average
weekend admissions

c) selected admissions

d) no description of the derivation of the

cohort
Selection of the Select ONE option | a) drawn from the same source as the
weekday admissions | from a)to c¢) weekend admissions

b) drawn from a different source
) no description

Ascertainment of Select ONE option a) secure record (e.g. hospital records)
admission day/time from a) to d) b) structured interview

c) written self report

d) no description

Demonstration that Select a) or b) a) yes
outcome of interest b) no
was not present at
start of study

*¢KAA aK2dZ R 68 AYyGSNIINBGSR a aNBLINBaSyalaagsSe 27
individual studies. For example if a study focused on all emergency admissions, we make a judgment on whethe
admissions included in the study were representative of the average emergency admissions based on the stated
inclusion/exclusion criteria. Similg, for a study focused on elective surgical admissions, we make a judgement or]
whether the admissions included in the study were representative of the average elective surgical admissions.
Please note this item focuses on representativeness in reléigtated inclusion/exclusion criteria other than
exclusion due to missing data, which is now assessed in the last item under Outcome below.

Comparability

10



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

As patients admitted
duringweekends are
likely to be different
from those admitted
during weekdays, we
focus on adequacy of
statistical adjustment
here.

Select ONE option
from 1) to 4)

1) Comprehensive adjustment:

Study adjusted for bot acute physiology and
contextual factors liste below, as well as
other important patient factors and treatment
pathway

2a)adequate adjustment; acute physiology
study adjusted for acute physiology (includeg
early warning scores or other measures of
severity of illness which include physiology)
with or without adjusting for other major
factors listed ir8) and4)

2b) adequate adjustment; contextual

factors: study adjusted for route of emergenc
admission (where applicable), i.e. through A
E (ambulance/999 or setéferral) vs through
WRANB AR 2lyRY HANB F S NN f
or GP) in addition to major factors listed3h
below, but did not adjust for acute physiology
3) partial adjustment study adjusted for
important patient factors including age, main
diagnosis, comorbidity/frailty indes AND
treatment pathway (elective vs urgent/
emergency, operative vs nasperative) but
did not adjust for factors listed i2a) and2b)
above

4)inadequate adjustment study did not
adjust for some important factor(s) listed 3)
above or did not conbl for any factor at all

Outcome
Assessment of Select ONE option a) independent blind assessment
outcome from a) to d) b) record linkage (e.g. information obtained

from hospital records)
c) self report
d) no description

Was follow up of
outcomesbeyond
hospital stay?

Select ONE option
from a) to b)

a) yes
b) no

Exclusion due to
missing data

Select ONE option
from a) to e)

a) no or very few of exclusions due to missin
datac unlikely to affect study results

b) some level of missing data, but adsions
with missing data were retained in analyses
using imputed data;

c) some level of exclusion due to missing dai
but authors demonstrated that admissions
with missing data were similar to admissions
included in analyses

d) excluded a substantial progion (5%) of
admissions due to missing data from analysg
€) no statement concerning missing data

Results

11



Characteristics
compared between
weekday and
weekend admissions
(free text)

Record variables
which have been
compared between
weekday and
weekend admissions.

These can usually be found in a table or in th
first couple of paragraphs in the Results
section.

Significant
differences observed
in characteristics
between weekday
and weekend
admissiongfree

text)

Record the
characteristics for
which weekend
admissions were
found out to be
significantly different
from weekday
admissions

List the names of the variéds for which
significant differences between weekday and
weekend admissions were found. This can b
defined statistically (i.e. p<0.05) or numerica
OADPSDd xp>» RAFFSNBYOS
weekday/weekend admissions). No need to
record numerical results at thisage.

For studies with a large sample size, trivial

differences between weekday and weekend
admission can still be statistically significant.
Please add comments to describe if this is th
case.

Quantitative
results

These can be classified into tyWyooups according to the
types of outcome:
u Dichotomous (binary) variables such as deaths
occurrence of complications
U Continuous variables such as length of hospita

stay

Results-
dichotomous
(binary) variables
e.g. death,
complications(free
text)

Degribe the features
of the comparison
being made; use one
row for each set of
data

Follow the format: [definition of outcome],
[nature of admission: elective, emergency,
maternity], [procedure involved: medical,
surgical, childbirth], [type of patients: atiu
paediatric, maternity], [comparison: weekend
vs weekdays, oubf-hours vs regular hours],
[time period, e.g. 2002004], [any other
features of the comparison]. Omit the [item] i
not relevant.

e.g. *day mortality, weekend vs weekday,
20082009 or

in-hospital mortality, emergency admissions,
out of hours vs regular hours

Number of events at
weekends

Record the number of
events (e.g. death) at

This is the numerator for weekends

(number) weekends

Number of admissions| Recordthe total This is the denominator for weekends
at weekends number of admissiong

(number) at weekends

Event rate for
weekend admissions

Number of events
divided by number of
weekend admissions

Only record this if reported by the authoggno
need to attempt calculation ahis stage.
Please clearly state the unit as it can vary, e,
% or event per 1000 admissions

12



Number of events on
weekdays
(number)

Record the number of
events (e.g. death) at
weekdays

This is the numerator for weekdays

Number of admissions
on weekdays
(number)

Record the total
number of admissions
at weekdays

This is the denominator for weekdays

Event rate for weekday
admissions

Number of events
divided by number of
weekday admissions

Only record this if reported byhe authorsg no
need to attempt calculation at this stage.
Please clearly state the unit as it can vary, e.
% or event per 1000 admissions

Unadjusted odds ratio
(OR) & confidence
interval

May also be reported
as relative risk (RR) g
hazard ratio (HR)

LYRAOIFGS dzaAy3a WwO2YY
OR; also make sure the comparison is
weekends vs weekdays (i.e. weekday is the
reference group)

Adjusted odds ratio
(OR) and confidence
interval

May also be reported
as relative risk (RR) g
hazard ratio (HR

LYRAOFGS dzaAy3d wO2VYY
OR; also make sure the comparison is
weekends vs weekdays (i.e. weekday is the
reference group)

Results- continuous
variables e.g. length
of stay(free text)

Describe the features
of the comparison
beingmade; use one
row for each set of
data

Follow the format: [definition of outcome],
[nature of admission: elective, emergency,
maternity], [procedure involved: medical,
surgical, childbirth], [type of patients: adult,
paediatric, maternity], [comparison: @ekends
vs weekdays, oubf-hours vs regular hours],
[time period, e.g. 2002004], [any other
features of the comparison]. Omit the [item] i
not relevant.

e.g. Length of stay, weekend vs weekday,
20082009 or

patient satisfaction score, emergency
admissions, out of hours vs regular hours

Number of admissions
on weekends
(number)

Record the number o1
weekday admissions
contribute to this
outcome

The number of weekend admissions includeg
in the analysis can sometimes vary from
outcome to outcomeRecord NR if not
reported

Mean for weekend
admissions

Describe the mean
value

aSlFy Aa GKS WI@SNI 3S
wWSO2NR WYWbwQ 2NJ Wb! Q

Standard deviation
(SD) or standard error
(SE) for weekend
admissions

Describe the SD or S
value where repaded

SD is a measure of how widely spread the
values are surrounding the mean. SE is relat
to SD but is also influenced by the sample si
It is important to make sure whether the
reported value is SD or SE.

Median for weekend

Record the mein

aSRAlIY Aa (GKS WYARRCE

admissions value where reported WS O2 NR WbhwQ 2NJ Wbh! Q
Interquartile range Record the IQR valug IQR is the difference between the25

(IQR) for weekend where reported percentile and 798 percentile. Somethes
admissions these two values (rather than the difference

between then) are provided. e.g. IQR 5 days
IQR 2 to 7 days.
wSO2NR WbhwQ 2NJ Wh! Q
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Number of admissions
on weekdays

Record the number of
weekday admissions

The number of weekday admissions include
in the analysis can sometimes vary from

(number) contribute to this outcome to outcome. Record NR if not
outcome reported
Mean for weekday Describethemean ([a Sty Aa GKS WF@SNF3AS

admissions

value

wSO2NR WYbhwQ 2NJ Wb! Q

Standard deviation
(SD) or standard error
(SE) for weekday
admissions

Describe the SD or S
value where reported

SD is a measure of how widely spread the
values are surrounding the mean. SE is relat
to SD but is also influenced by the sample si
It is important to make sure whether the
reported value is SD or SE.

Median for weekday

Record the median

aSRAIFY A& GKS WYARRCE

admissions value where reportedf WS O2 NR WbwQ 2NJ Wb! Q
Interquartile range Record the IQR value| IQR is the difference between the25

(IQR) for weekday where reported percentile and 7Y percentile. Sometimes
admissions these two values (rather than the difference

between then) are provided. e.g. IQR 5 days
IQR 2 to 7 days.
wSO2NR WbwQ 2 Niawb! Q

Difference between
weekend and weekday
admissions

Record the difference
between weekend
and weekday
admission for the

continuous outcome

Could be reported as mean (SD) or median

(IQR)

wSO2NR WYbwQ AF y2id N
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Appendix 2. Risk of bias assessment

Risk of bias assessment was embedded within the data extraction form shown in Appendix 1. We
initially used the Newcasti®ttawa scalé with modification of some of the items and wording
because the included studies were mostly population database studies rather than the conventional

cohort study for which the scale was designed.

However during the review process it became apparent teatilts of the risk of bias assessment

using this modified scale were either unreliable (due to difficulties in judging the
GNBLINBaSyillrGA@PSySaasgd 2F (KS adGdzRe al YLX S FT2NJ RACL
information about handling of missingth) or uninformative (e.g. all the included studies derived

their control group [weekday admissions] from the same source and using the same inclusion

criteria as with the exposure group [weekend admissions]). Therefore we subsequently only focus on
adequacy of statistical adjustment, which was the key item staqatioriin our protocol> The

classification of statistical adjustment stated in the protocol needed to be refined during the review

in view of emerging evidence indicagithe importance of including measures of severity and

urgency of the patients in the adjustment.

Discrepancies between reviewers in the classification were resolved by discussions between
reviewers, and where queries remained, other review team memberewupplied with
information concerning statistical adjustment made in individual studies in the absence of study

identity and outcome data to reach consensus prior to data analysis.
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Appendix 3. Rationale and technical detailsdyesian analyse

3.1 Rationale foundertaking Bayesian metmalysis and meteegression

Bayesian methods for met@nalysis offer several advantages over alternatives as they permit the
development of more flexible, multipllevel hierarchical models, make full allowance for
uncertainty inhierarchical model parameters, and have a more intuitive interpretation of the

results®

3.2 Technical details of the Bayesian metalysis

Analyses were undertaken using (log) adjusted odds ratios. For studies that only reported adjusted
hazard ratios or rate ratios, we usétese figures as approximations of adjusted odds ratios as
results for these effect measures were very similar where they had been estimated in the same

study (see ppendix 73.3).

As several studies provided multiple estimates of the weekend effect ffiffarent subsamples
(e.g. different time periods or different locations), we specified a three level Bayesian random
effects model to take into account the correlation of results from differentsaimples within the
same study while allowing for withsample variation antetween studyheterogeneity.In
particular, for analysis or sedamplet  pf8 h) from study’Q pH8 Rwith effect size estimate

® and estimated standard deviatidn :

G x o — fi
_Xl’j|ﬁ, (l)
| x 0 *hf
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, * 0 7ip "Ofkb At x § mip "Oftb Ax O v

Weakly informative priors were specified for the model parameters in order to constrain the
parameter to realistic valuesnd provde a degree of regularisatiowkich facilitates computation
especially wittsmall numbers of studigsvhile providingrelatively littleinformation to influence the
posterior estimates For example, a N(0,1)I[0,] prior for between study heterogeneity has a 95th
percentile of 1.96, which would be considered large given a within study estimated standard
deviation for the weekend effect of between approximately 0.01 and 0.0&vi®us research also
suggests higher level variance terms in matelysis rarely exceed 0.2 in these contexts (see Turner
et al. 2015f We therefore usedalf-normal(0,1) priors for standard deviation terms and

normal(0,1) for mean effects. We calculated therjuared statistié,which is the poportion of total
variance attributable to betweestudy heterogeneity taking into account variance at three levels.
Convergence was assessed by visual inspection of traceplots of MCMC chains and the Rhat statistic.

Models wereestimatedin Stan’

3.3 Technical details of the Bayesian meggression

The model described in Equation (1) is extended to allow for varying mean effects according to
characteristics of the sampley :
Ox0 — ®THh

wherel are a set of parameters to be estimated.

The following variablewere included in a planned, exploratory metegression:

17



1 Binary variable indicating whether the study data contained records of emergency
admissions

9 Binary variable indicating whether the study data included records of surgical patients

1 Alinear time trend Where there were multiple years of data in the study, the-aiht was
used.

9 Categorical variable indicating adequacy of ea$e adjustment as described earlier.

Reference category was combined 1 and 2a (with adjustment of measures of acute
physiology)
Two prespecified variables were not included in the meggyression due to lack of data: type of
population (few studies focused on children) and country income category (none of the included

studies was conducted in low and middle income countriesjeld we included an indicator

I NRI6tS F2NJ S OK O2dzyiNBE® ¢KS O2dzyiNE STTSOI
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Appendix 4. Examination of potential overlap in the coverage of
admissions between different studies

Many studies included in this systematic review utilised data from routine administrative databases,
most prominently the Hospital Episode Statistics (HES) from England and the National Inpatient
Sample (NIS) from USAclusion of studies that cover datalated to the same or overlapping

admissions in a metanalysis results in doubleounting and therefore needs to be avoided.

In the tables below we summarise characteristics of studies based in England and USA and illustrate
the extent of potential ovdap of data between these studies. Attention was paid to the hierarchical
nature of the data; for example a study that included all emergency admissions would have included
the same data from another study that focused on emergency medical admiskibag used the

same data source and covered the same period of time, even though the former may not have

provided an estimate of the weekend effect specific to emergency medical admissions.

For metaregression, we included the most relevant estimate(s) fiodividual studies irrespective
of whether their data overlaps with each other, as the main purpose is to explore factors that may
influence the estimated magnitude of the weekend effect rather than to provide a summary

estimate across studies.
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4.1 Potentialoverlap in data between studies of hospitadrtalityin England

Tablel List of studies examining mortality outcomes that were based on data from English hospitals

Study Statistical Location Data source | Study Type of admissions
adjustment period
McCallum 2016| 2b England HES 20002014 Emergency surgical
8
Roberts 2018 | 4 England HES 20042012 Emergency (both
medical & surgical)
Han 20170 2b Salford (1 Hospital 20042014 | Emergency (both
hospital) patient record medical & surgical)
Aylin 2010 3 England NHS Wide 20052006 | Emergency (both
Clearing medical & surgical)
Service
Ozdemir 2016 | 3 England HES 20052010 Emergency surgical
12
Walker 20173 | 1 Oxford (4 Infections in | 20062014 | Emergency (both
hospitals) Oxfordshire medical & surgical)
Research
Database
Maggs 2010* | 4 Bath (1 Anonymisel 20072008 | Emergency medical
hospital) hospital
activity data
Mohammed 3 England HES 20082009 Emergency & elective
201215 (both medical &
surgical)
Aylin 2013¢ 2b England HES 20082011 | Elective surgical
Ruiz2016%7 2b England HES 20082011 | Elective surgical
Freemantle 2b England HES 20092010 All admissions (includin
201218 maternity)
Ruiz 2015° 3 England11 | HES 20092012 Emergency (both
hospitals) medical & surgical) and
elective surgical
Meacock 2015 | 4 England HES 20102011 Emergency (both
20 medical & surgical)
Palmer 2015 | 2b Endand HES 20102012 | Maternity admissions
Shiue 2017 4 Newcastle (1| HES 20102015 | Emergency (both
hosptal) medical & surgical)
Freemantle 2b England HES 20132014 | All admissions
20152
Aldridge 2016 | 3 England HES 20132014 Emergency (both
24 medical & surgical)
Anselmi 2016° | 2b England HES 20132014 Emergency (both
medical & surgical)
Meacock 2016 | 2b England HES 20132014 Energency (both
26 medical & surgical)
Meacock 2017 | 2b England HES 20132016 Emergency admissions
27 & all admissions
Mohammed 2a Yorkshire & | Hospital 2014 Emergency medical
201728 Humberside | database

(4 hospitals)

Statistical adjustment: 1Fomprehensive adjustment; 2) Adequate adjustmentc 2ajusted for measures of acute
physiology; 2 R2dza 1 SR F¥2NJ O2y (i SE( dzt f

FI OG2NR NBTF¥E SOGAyYy3



whether the patient was admitted through A & Eddor brought in by ambulance; 3) Partial adjustment; and 4)
Inadequate adjustment
HES: Hospital Episode Statistics
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Table2 Potential overlap between studies based on data from Enlgtishitals

00-04 04-05 05-06 06-07 07-08 08-09 09-10 1011 11-12 12-13 1314 14-15 1516
1. All
admissions
Mohammed Freemantle 2012 Freemantle 2015
2012
Ruiz 2015* Ruiz 2015* Ruiz 2015*
Meacock2017 Meacock 2017 Meacock 2017
1.1 All
medical
admissions
1.2 All
surgical
admissions
1.3 All
emergency
admissions
Aylin 2010 Mohammed Freemantle 2012 | Meacock 2015 Aldridge 2016
2012
Roberts 2015 Roberts 2015 Roberts2015 Roberts 2015 Roberts 2015 Roberts 2015 Roberts 2015 Roberts 2015 Anselmi 2016
Han 2017* Han 2017* Han 2017* Han 2017* Han 2017* Han 2017* Han 2017* Han 2017* Han 2017* Han 2017*
Walker 2017* Walker 2017* Walker2017* Walker 2017* Walker 2017* Walker 2017* Walker 2017* Walker 2017*
Ruiz 2015* Ruiz 2015* Ruiz 2015* Meacock 2016
Shiue 2017 Shiue 2017 Shiue 2017 Shiue 2017 Shiue 2017
Meacock 2017 Meacock 2017 Meacock 2017
131
Emergency
medical
admissions
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Maggs 2010*

Mohammed
2017*

Mohammed
2017* (year
2014)

1.3.2
Emergency
surgical
admissions

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

McCallum 2016

Ozdemir 2016 Ozdemir 2016 Ozdemir 2016 Ozdemir 2016 Ozdemir 2016

1.4 All
elective
admissions

Mohammed Freemantle 2012

2012 (non-emergency)
1.4.1 Elective
surgical
admissions

Aylin 2013 Aylin 2013 Aylin 2013

Ruiz 2016 Ruiz 2016 Ruiz 2016

Ruiz 2015* Ruiz 2015* Ruiz 2015*
1.5
Maternity
admissions
[ Freemantle 2012 Palmer 2015 | Paimer2015 [ Freemante 2015 |

Data available only at a higher level (aggregated with othestgpés of admissions)

| Best adjusted, minimally overlapping data for each-gyie of admission

* indicates nonrdatabase studies, i.e. the studies were carried out in a small number of hospitals
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4.2 Potential overlap in data between studies of hospital mortality in the USA

Table3 List of studies examining mortality outcomestthaere based on data from US hospitals

Statistical Sampling location | Population Study Type of admissions
adjustment | [number of period
hospitals]
Goldstein 2b Nationwide [NR] Children only 1983-2010 | Emergency surgical
20142°
Gordon 4 VA hospitals [44] | Adults 1991-:1993 | All noncardiac
200520 surgical (both
emergency & elective
Gould 2003 | 3 California [NR] Maternity 19951997 | Maternity
31
Cram 2004 | 3 (2b for California [NR] Adults only 1998 | All admissions
82 stratified (excluding maternity)
analysis)
Hamilton 4 Texas [NR] Maternity 19992001 | Maternity
20063
Zare 2007 | 2b VA hospitals [124] | Adults only 20002004 | Elective surgical
Attenello 2b Nationwide [NR] All patients 20022010 | All admissions
2015%
Ricciardi 3 Nationwide [1000] | All patients 20032007 | Non-elective (both
201136 medical & surgical)
Ricciardi 3 Nationwide [1000] | All patients 20032008 | Non-elective (both
201437 medical & surgical)
Ricciardi 4 Nationwide [1000] | All patients 20032008 | Non-elective (both
201638 medical & surgical)
An 2017° |3 Nationwide [1000] | Adults only 20032013 | Nonrelective (both
medical & surgical)
Zapf 20130 | 3 Florida [NR] All patients 2007-2010 | Emergency surgical
Sharp 2013 | 4 Nationwide [NR] Adults only 2008 | Emergency (both
4 medical & surgical)
Snowden 4 California [214] Maternity 20092010 | Maternity
2016%?

Statistical adjustment: 1) Comprehensive adjustmé) Adequate adjustment: 2aadjusted for measures of acute
physiology; 2l R2dza 1 SR F2NJ O2y (i SEi dzt £
whether the patient was admitted through A & E and/or brought in by alafce; 3) Partial adjustment; and 4)
Inadequate adjustmentNR: not reported; VA/eterans Affairs

FI OG2NBR NBF¥E SOGAyYy3
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Table4 Potential overlap between studies based on data from US hospitals

8891

91-93

93-97

98

99-02

02-03

03-04

04-05

05-06

06-07

07-08

08-09

09-10

11-12

12-13

1. All
admissions

Nationwide (NIS)
all patients

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

California

Cram 2004

Global
comparator
project

(Ruiz 2015)

(Ruiz 2015)

1.1 All
medical
admissions

Nationwide (NIS)
all patients

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Cram 2004

1.2 All
surgical
admissions

Nationwide (NIS)
all patients

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

VA hospitals, non
cardiac

Gordon 2005

California

Cram 2004

Global
comparator
project

(Ruiz 2015)

(Ruiz 2015)

1.3 All
emergency
admissions

Nationwide (NIS)
all patients

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Attenello
2015

Nationwide (NIS)
all patients

Ricciardi
2011

Ricciardi
2011

Ricciardi
2011

Ricciardi
2011

Nationwide (NIS)
all patients

Ricciardi
2014

Ricciardi
2014

Ricciardi
2014

Ricciardi
2014

Ricciardi
2014

Nationwide (NIS)
all patients

Ricciardi
2016

Ricciardi
2016

Ricciardi
2016

Ricciardi
2016

Ricciardi
2016

Nationwide (NIS)
adults only

An 2017

An 2017

An 2017

An 2017

An2017

An 2017

An 2017

An 2017

An 2017

Nationwide
(NEDS)
adults, through ED

Sharp 2013
(year 2008)

California

Cram 2004
(unscheduled
admissions)

Global
comparator
project

(Ruiz 2015)

(Ruiz 2015)
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131
Emergency
medical
admissions

Nationwide (NIS)
all patients

Nationwide (NIS)
all patients

Nationwide (NIS)
all patients

Nationwide (NIS)
all patients

Nationwide
(NEDS)
adults, through ED

California

Global
comparator
project

1.3.2
Emergency
surgical
admissions

Nationwide (NIS)
all patients

Nationwide (NIS)
all patients

Nationwide (NIS)
all patients

Nationwide (NIS)
all patients

Nationwide
(NEDS)
adults, through ED

Nationwide (NIS &
KID) children

Goldstein
2014

VA hospitals, non
cardiac

California

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Goldstein
2014

Florida

Zapf 2015

Zapf 2015

Global
comparator
project

1.4 All
elective
admissions

Nationwide (NIS)
all patients

1.4.1 Elective
medical

Nationwide (NIS)
all patients

California

Zapf 2015
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1.4.2 Elective
surgical

Nationwide (NIS)
all patients

VA hospitals, non
cardiac

California

Zare 2007

Zare 2007

-—_

Global
comparator
project

(Ruiz 2015)

(Ruiz 2015)

1.5
Maternity

Nationwide (NIS)
all patients

California

o [ R [wet wE [mEt AR |

2016

Snowden

Texas

Hamilton
2006

Data available only at a higher level (aggregated with othestgpé of admissions)

I

| Best adjusted, minimally overlapping data for each-gyi® of admission

* indicates nondatabase studies, i.e. the studies wearied out in a small number of hospitals
ED: emergency department:L 5Y YA R& Q L;WEDSiiNat®yhide Briergdndy Deép&tment Sapéi®: National (Nationwide) Inpatient Sample
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Appendix 5.
c Initial search of
2 electronic databases
S 8113
5
U >
=

PRISMA flow diagram

Duplicated records

Screening

Records remaining
after removing
duplicates 5404

removed 2709

Updated MEDLINE
searches 1015

Referen

from other sources 22

ce identified

<
<

A

Records screened
6441

Eligibility

Irrelevant 5828

Passed first screening

613

A4

A 4

Included

Included in systemati
review 70 articles (68
studies)

Referred to framework
synthesis 224

E

A

44 estimates fron33
studies included in
primary metaanalysis
on mortality

119 estimates from

47 studies Included

in metaregression
on mortality

- Study design (systematic

- Did not compare weeken(

xcluded 319

Selected admissions
reviews, conference
abstracts, commentary,
grey literature)

withweekday

Figurel PRISMA flow diagram for literature search, study screening and selection
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Appendix 6.

Tableb Characteristics of studies included in this review

Characteristics of included studies (sorted by type of admissions)

Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:
statistical of hospitals] (admissions admission procedure outcomes Adverse evens
adjustment unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction

All admissiongincluding both medical and surgical, emergency and elective admissions)
Attenello 20155 | USA(nationwide) 2002 to 2010 351170803| Emergency & Medical & All patients In-hospital Hospital acquired
[3] [NR] elective surgical conditions
Auger 20153[4] | USA(Michigan) 2006 to 2012 55383 | Emergency & Medical & Children only - Unplanned

[1] elective surgical readmission
Coiera 20144 [3] | Australia (New 2000 to 2007 11732260| Emergency & Medical, surgical | All patients Infout hospital up | -

South Wales) elective & maternity to 7 days post

[501] discharge*
Cram 20042[2b | USA (California) 1998 1100984 | Emergency & Medical & Adults only In-hospital -
or 3p [NR] elective surgical
Earnest 20065 Singapord1] 2003 to 2004 45395 | Emergency & Medical & Adults only - Length ofstay
[4] elective surgical
Freemantle 2012 | UK England [NR] 2009 to 2010 14217640 Emergency & Medical, surgical | All patients In/out hospital -
18[2b] & USA (United elective & maternity (30day); also in

Health Care hospital (3Gday)

System) [254] and 3day
Freemantle 2015 | UK(England) [NR] 2013 to 2014 14818374| Emergency & Medical, surgical | All patients In/out hospital Length of stay
23[2b] elective & maternity (30-day)
Graham 20176 UK (England) (NR 2014 59083 | Emergency & Medical & Adults only - Patient
[4] elective surgical satisfaction
Lee 20127 [4] Malaysia(Perak) 2008 to 2010 126627 | Emergency & Medical & All patients In-hospital -

[1] elective surgical
Mohammed 2012| UK England [NR] 2008 to 2009 4640516 | Emergency & Medical & Adults only In-hospital (at
1513] elective surgical discharge)
Ruiz 2018°[3] International: UK 2009 to 2012 2982570| Emergency (all) & Medical & All patients In-hospital (30 -

(Englangi [11], elective (surgical | surgical day)

Australia[6], only)
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Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:
statistical of hospitals] (admissions admission procedure outcomes Adverse evens
adjustmentp unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction
Netherlandg6],
USA5]
Medical admissions
Madsen 20148 Denmark 1995 to 2012 2651021 | Emergency & Medical Adults only In-hospital and -
[4] (nationwide) [72] elective 30-day*
Surgical admissions
Bendavid 2007 | USAKew York, 1999 to 2001 4967114 | Emergency & Surgical & All patients - AHRQ Patient
[3] Massachusetts, elective obstetric Safety Indicator
North Carolina) (surgical & birth
[NR] complications)
Gordon 2005° USA(VA hospital) 1991 to 1993 78546 | Emergency & Surgical (non Adults In-hospital (30 -
[4] [44] elective cardiac) day)
OzrazgaBaslanti | USA(Florida) [1] 2000 to 2010 50314 | Emergency & Surgical Adults only - Postoperative
201650[3] elective complications
Emergency admissions: medical & surgical
Aldridge 20164 UK (England) 2013 to 2014 4,422,387 | Emergency Medical & Adultsonly In-hospital -
[3] [141] surgical
An 20179][3] USA (nationwide) 2003to 2013 51,762178 | Non-elective Medical, surgical | Adults only In-hospital Length of stay
[NR] & maternity
Anselmi 20185 UK England 2013 to 2014 3,027,946 | Emergency Medical & Not stated In-hospital (30 -
[2b] [140] surgical day)
Aylin 20101 [3] UK(England) 2005 to 2006 4,317,866 | Emergency Medical & Adults & children | In-hospital -
[163] surgical
Barba 20061 [3] | Spain(Madrid) [1] 1999 to 2003 35,993 | Emergency Medical & Adults only In-hospital (2day | -
surgical & any)
Bell 200152 [4]p CanadgOntario) 1988 to 1997 3,789917 | Emergency Medical & Adults & children | In-hospital* -
[NR] surgical
De Giorgi 2018% | Italy (Ferrara) [1] 2000 to 2013 411,588| Emergency Medical & All patients In-hospital (30 -
[4] surgical day)
Han 20179[2b] UK (Salford) [1] 2004 to 2014 246,350 | Emergency Medical & Adults only In-hospital, #day | -
surgical & 30-day
Handel 20124 [4] | UK(Scotland) 1999 to 2009 5,271,327 | Emergency Medical & All patients In-hospital -
[NR] surgical
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Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:
statistical of hospitals] (admissions admission procedure outcomes Adverse evens
adjustmentp unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction
Lee 20064 [3] Taiwan 2000 to 2002 712,787~ | Emergency Medical & Adults & children | In/out hospital -
(nationwide) [NR] surgical (24-hour, 48
hour, 30day)
Meacock 2018° | UK Englang [NR] 2010 to 2011 5,212973 | Emergency Medical & Not stated Infout hospital -
[4] surgical (30-day)*
Meacock 20188 | UK (England) 2013 to 2014 4,656586 | Emergency Medical & All patients In-hospital (30 -
[2b] [140] surgical day)
Meacock 20177 | UK (England) 2013 to 2016 Not stated | Emergency (also | Medical & Not stated In/out hospital -
[3] [123] included surgical (30-day)
supplenentary
data on all
admissions)
Perez Concha Australia(New 2000 to 2007 3381962 | Emergency Medical & All patients In/out hospital (¢ | -
201456[3] South Wales) surgical day); also
[501] reported in
hospital & post
discharge
separately
Ricciardi 20136 USA(nationwide) 2003 to 2007 29,991,621 | Emergency Medical & All patients In-hospital (vital | -
[3] [1000] surgical status at
discharge)
Ricciardi 20147 USA(nationwide) 2003 to 2008 26,051,775 | Emergency Medical & All patients In-hospital (vital | -
[3] [1000] surgical status at
discharge)
Ricciardi 20168 USA(nationwide) 2003 to 2008 28,236,749| Emergency Medical & All patients In-hospital (vital | Patientsafety
[4] [1000] surgical status at indicators
discharge)
Roberts 2018[4] | UK (England & 2004 to 2012 32,628333 | Emergency Medical & Not stated 30-day (location | -
Waleg [NR] surgical not specified)
Sharp 20131 [4] | USA(nationwide) 2008 4,225973 | Emergency Medical & Adults only Mortality (not -
[NR] surgical specified)
Shiue 20172[4] UK (Newcastle) 2010 to 2015 148996 | Emergency Medical & Not stated In/out hospital -
[1] surgical (30-day)
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Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:
statistical of hospitals] (admissions admission procedure outcomes Adverse evens
adjustmentp unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction
Sullivan 20167 Australia 2011 & 2013 34184 | Emergency Medical & All patients In-hospital -
[4] (Queensland) [1] surgical (timing not
specified)
Walker 20173[1] | UK (Oxford) [4] 2006 to 2014 503,938 | Emergency Medical & All patients Infout hospital Admission to ICU
surgical (30-day)
Emergency medical admission
Conway 201638 Ireland(Dublin) 2002 to 2014 82,368 | Emergency Medical All patients In-hospital (30 -
2017a,522017b%0 | [1] day)
[2a or 4}
Khanna 201%! USA (Chicag$)] 2008 824 | Emergency Medical All patients - Need for ICU, 30
[2b] day ED revisit,
30-day
readmission, poor
outcomes in the
first 24 hours
Maggs 20104[4] | UK(Bath) [1] 2007 102008 15,594 | Emergency Medical Adults only In-hospital and -
viElrisa v
(in-hospital death
beyond the first 7
days)
Mikulich 201162 Ireland (Dublin) 2002 to 2009 25,833 | Emergency Medical Adults only In-hospital (30 Length of stay
[2a] [1] day)
Mohammed 20¥ | UK (Yorkshire & 2014 47,117 | Emergency Medical Adults only In-hospital(vital Length of stay
28[2a] Humberside]4] status at
discharge)
VestHansen 2015 Denmark 2010 174192 | Emergency Medical Adults only In/out hospital Length of stay
63[4] (nationwide) [NR] (30-day)
Emergency surgical admission
Beecher 204 64 Ireland(Galway) 2012 to 2013 7,041 | Emergency Surgical Not stated - Length of stay
[4] [1]
Gillies 20175[3] | UK (Scotland) 2005 to 2007 50,844 | Emergency Surgical Adults only In-hospital or -

[NR]

within 30 days;
overall survival
(4-years)
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Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:

statistical of hospitals] (admissions admission procedure outcomes Adverse evens

adjustmentp unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction

Goldstein 2014° | USA(nationwide) 1988 to 2010 439457 | Emergency Surgical Children only In-hospital Various surgical

[2b] [NR] complications;

length of stay

McCallum 2018 | UK (Northern 2000 to 2014 370671 | Emegency Surgical Adults only In-hospital (30 Length of stay

[2b] England [NR] day)

Ozdemir 20182 UK England 2005 to 2010 294,602 | Emergency Generdsurgical | All patients In/out hospital -

[3] [156] (30-day & 90day)

Zapf 20150[3] USA(Florida) [NR] 2007 to 2010 80,861 | Emergency Surgical All patients In-hospital Postoperative
(timing not complications
specified) length of stay

Electivesurgicaladmissions

Aylin 20136[2b] | UK England 2008 to 2011 4,133,346| Elective Surgical Adults & children | In/out hospital, -

[163] (30-day & 2day)

Dubois 20165 CanadgOntario) 2002 to 2012 402899 | Elective Surgical (day of | Adults only In/out hospital Admission to ICU;

[2b] [NR] surgery) (30days), also2 | readmission (30
day and 9eday day); reoperation
and inhospital (30-day); length

of stay

Mclsaac 20147 Canada QOntario) 2002 to 2012 333344 | Elective Surgical (non | Rdzf G a 2| Infouthospital -

[2b] [NR] cardiac) years) (30-day & 2day)

Ruiz 20187 [2b] UK England 2008 to 2011 3,922091 | Elective Surgical Adults & children | Infout hospital -

[163] (30-day)
Zare 20074 [2b] USAVA 2000 to 2004 188,212 | Elective Surgical Adults only 30-day (location | Postoperative
hospitals) [124] not specified) morbidity
(complications)

Maternity admissions

de Graaf 20108 Netherlands 2000to 2006 764,406 | Spontaneous & | Medical & Maternity Intrapartum & 5-minute Apgar

[2b] (nationwide) [99] elective surgical early neonatal score < 7transfer
(within 7 days of | to neonatallCU
birth)

FrankWolf 2016 | Israel[1] 2005 to 2014 56,428 | Spontaneous & | Medical & Maternity - Cord blood pH <7

69[4] elective surgical 5 minute Apgar

score <7
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Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:
statistical of hospitals] (admissions admission procedure outcomes Adverse evens
adjustmentp unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction
Gijsen 20120 Netherlands 2003 to 2007 449714 | Spontaneous Medical & Maternity Intrapartum & 5-minute Apgar
[2b] (nationwide) [NR] surgical early reonatal score<7;a
(within 7 days of | composite
birth) measure of
adverse
outcomes
Gould 20031 [3] | USA (California) 1995 to 1997 1,615041 | Spontaneous & | Medical & Maternity Neonatal -
[NR] elective surgical mortality (within
28 days of birth)
Hamilton 20062 | USA (Texg [NR] 1999 to 2001 923905 | Not stated Not stated Maternity Neonatal -
[4] mortality (within
27 days of birth)*
Luo 20041 [4] Canada 1985 to 1998 3,239972 | Spontaneous & | Medical & Maternity Neonatal -
(nationwide, elective surgical mortality (within
excluding 6 days of birth)
Ontario) [NR]
Lyndon 20182 USA(California) 2005 to 2007 1,475593 | Spontaneous & | Medical & Maternity - Pelvic morbidity,
[4] [NR] elective surgical severe maternal
morbidity
Palmer 20151 UK England [NR] 2010 to 2012 1,332,835 | Spontaneous & | Medical & Maternity & In-hospital Maternal &
[2b] maternity | elective surgical neonates perinatal neonatal
admissionsaind mortality infections,
1,349,599 births emergency
readmissions and
injuries
Pasupathy 201® | UK Scotland 1985 to 2004 1,039560 | Spontaneous & | Medical & Maternity & Neonatal -
[3] [NR] elective surgical neonates mortality (within
first week of
birth)
Salihu 20124[4] | USA Kissouri) 1989 to 1997 Not stated | Spontaneous & | Medical & Maternity & Neonatal, post -d
elective surgical neonates neonatal and
infant death
Snowden 2013°> | USA (California) 2006 462,322 | Spontaneous & | Medical & Maternity - Birth asphyxia
[4] [257] elective surgical
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Study [rating of Country [number Study period Sample size Type of Type of Population Mortality Other outcomes:
statistical of hospitals] (admissions admission procedure outcomes Adverse evens
adjustmentp unless otherwise | (emergency, (medical, Length of stay
stated) elective) surgical, Patient
maternity) satisfaction
Snowden 20162 | USA (California) 2009 to 2010 724967 | Spontaneous & | Medicd & Maternity Neonatal death Adverse maternal
[4] [214] elective surgical (timing not and neonatal
specified) outcomes
(including
prolonged length
of stay)
Wu 201176 [4] USA Californig 1999 to 2002 1,864,766 | Spontaneous & | Medical & Maternity - Neonatal
[NR] elective surgical encephalopathy
Other
Buckley 20127 Australia (New 2006 to 2010 4,370 clinical| Unclear Unclear Unclear - Adverse events
[4] South Wales) [63] management
incidents

$[1] Comprehensive adjustment; [2aflequate adjustmeng acute physiolog; [2b] adequate ajustment¢ contextual factors; [3] partial adjustmerig] inadequate adjustmentSee

Appendix 1, page 1fbr further detail.

* Not included in metaanalyses due to lack of required data (e.g. variance/standard errors of the estimatearapt: size)

A For each patient, only the last emergency admission during the study period was included

aRated 2b for stratified analyses that were restricted to admissions througEitiergency Departmenas the contextual factor (route of admission) veasounted for in this analysis

bonly crude (unadjusted) data were reported for overall weekend effect; adjusted analyses were reported only for spedifansomdich were not included in metnalyses of this review

¢ Statistical adjustment was poorly reported in one of the artiéfes

dwS L2 NI SR

adverse events as defined in this review.

Gf 1 02dzNJ O2YLX AOl iA2yaté

683 LI | OSyil

ED: emergency department; ICU: intensive care unit; NR: not reported; VA: Veterans Affairs

I & NHzLJiclad/with materndlondioBs/and: are Inbt.toSsiderdd U =
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Appendix 7. Technical information for Bayesian meataalysis

7.1 Traceplots and pairs plots for primary Bayesian rreatalysis
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Figure2 Traceplots for primary Bayesian me&mnalysis
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Figure3 Pairs plots for primary Bayesian meiaalysis
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7.2 Statistical outputs for primary Bayesian matalysis and sensitivity analysis

Table6 Statistical outputs for primary Bayesian metaalysis

Mean SD 2.5% 97.5% N_eff Rhat
Sigma 0.14 0.03 0.09 0.19 14,558 1.00
Tau 0.05 0.04 0.00 0.13 5,611 1.00
Theta 0.15 0.03 0.10 0.21 25,729 1.00
Posterior 0.15 0.07 0.00 0.29 48,059 1.00
predictive
12 0.16 0.17 0.00 0.62 5,848 1.00

N: 44, Pooled mean: 1.16 (1.10, 1.23), Posterior predictive mean: 1.16 (1.00;sig84)ed* 16% (0%, 62%)
20,000 iterations, 5,000 warmup iterations, 4 cha8i3: standard deviation. N eff: effective sample.size

Table7 Statistical outputs for Bayesian sensitivity analyai®wing partial overlap between studies)

Mean SD 2.5% 97.5% N_eff Rhat
Sigma 0.17 0.03 0.12 0.22 7,519 1.00
Tau 0.07 0.03 0.01 0.14 2,945 1.00
Theta 0.14 0.03 0.09 0.20 13,566 1.00
Posterior 0.14 0.09 -0.03 0.32 27,611 1.00
predictive
12 0.18 0.13 0.00 0.48 3,472 1.00

N: 77, Pooled mean: 1.15 (1.10, 1.22), Posteriodisteve mean: 1.16 (0.97, 1.3%squared: 18% (0%, 48%)
10,000 iterations, 2,000 warmup iterations, 4 cha8i3: standard deviation. N eff: effective sample size.

! The tsquared statistic is equivalent to the ratio of betwestudyto total variance in a-2evel

model. For our devel analysis (within analysis, betweanalysis withirstudy, between study), it is
equivalent to the ratio of betweesstudy to total variance. But this statistic is typically biased and
shows poor smallanple performance, as well as large uncertainty. Any conclusions based on this
statistic should be strictly limited.
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7.3 Statistical outputs for Bayesian subgroup analyses

Table8 Statistical outputs for subgroup analysis: All admissions

Mean SD 2.5% 97.5% N_eff Rhat
Sigma 0.05 0.02 0.03 0.09 9,316 1.00
Tau 0.03 0.03 0.00 0.09 7,023 1.00
Theta 0.12 0.02 0.08 0.16 10,983 1.00
Posterior 0.12 0.04 0.04 0.20 21,241 1.00
predictive
12 0.19 0.21 0.00 0.74 7,742 1.00

N: 18, Pooled meart.13 (1.09, 1.18), Posterior predictive mean: 1.13 (1.04, 1128juared: 19% (0%, 74%)
10,000 iterations, 2,000 warmup iterations, 4 chai®B: standard deviation. N eff: effective sample size.

Table9 Statistical outputdor subgroup analysis: Emergency admissions

Mean SD 2.5% 97.5% N_eff Rhat
Sigma 0.07 0.02 0.04 0.12 4,673 1.00
Tau 0.07 0.04 0.00 0.13 3,099 1.00
Theta 0.10 0.02 0.06 0.15 20,580 1.00
Posterior 0.10 0.08 -0.06 0.27 31,343 1.00
predictive
12 0.44 0.29 0.00 0.90 3,000 1.00

N: 32, Pooled mean: 1.11 (1.06, 1.16), Posteriodisteve mean: 1.11 (0.94, 1.31jsquared: 44% (0%, 90%)
10,000 iterations, 2,000 warmup iterations, 4 chai®B: standard deviation. N eff: effective sample size.

Tablel0 Statistical outputs for subgroup analysis: Elective admissions

Mean SD 2.5% 97.5% N_eff Rhat
Sigma 0.33 0.13 0.13 0.65 11,180 1.00
Tau 0.32 0.23 0.02 0.92 10,572 1.00
Theta 0.53 0.21 0.07 0.92 13,249 1.00
Posterior 0.53 0.45 -0.45 141 24,310 1.00
predictive
12 0.44 0.29 0.00 0.93 8,769 1.00

N: 12, Pooled mean: 1.70 (1.08, 2.52), Posteriodisteve mean: 1.70 (0.64, 4.11)quared: 44% (0%, 93%)
10,000 iterations, 2,000 warmup iterations, 4 chai@B:standard deviation. N eff: effective sample size.
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Tablel1l Statistical outputs for subgroup analysis: Maternity admissions

Mean SD 2.5% 97.5% N_eff Rhat
Sigma 0.11 0.11 0.00 0.38 8,923 1.00
Tau 0.11 0.11 0.00 0.38 8,497 1.00
Theta 0.06 0.09 -0.11 0.25 10,674 1.00
Posterior 0.06 0.18 -0.28 0.43 21,339 1.00
predictive
12 0.44 0.32 0.00 0.96 10,496 1.00

N: 6, Pooled mean: 1.06 (0.89, 1.29), Posterior predictive mean: 1.06 (0.75, -5diBréd: 44% (0%, 96%)
10,000iterations, 2,000 warmup iterations, 4 chaitf®D: standard deviation. N eff: effective sample size.
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Appendix 8.  Sensitivity analyses

8.1 Sensitivity analyses for the primary mataalysis

Our primary metaanalysis was conducted using the best adjusted -onrlaping data from

individual studies to avoid doubt®unting. As shown in Appendixdgta from many studies

included in this review were potentially overlapping (i.e. they were based on the same admissions)
and these were excluded. As the degree of overillagfetween studies varies, the primary analysis
may have discarded some useful information. We therefore performed a sensitivity analysis that
included these additional data by relaxing our rule and allowing for some overlapping of data
between studies. &t studies/articles that are based on entirely overlapping or the same dataset, the
rule of using the best adjusted effect estimate still applies here. The result of the sensitivity analysis

is shown in the table below.

To explore potential small studyfetts (i.e. studies of smaller sample sizes reporting larger effects),
we constructed a funnel plot, which is showrHigure4 below. Some level of asymmetry was

observed in the plot.
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Figure4 Funnel plot for the weekend effect on mortality for all types of admissions

In view of the apparent asymmetry of the funnel plot, we used data augmentatiexpiore the

potential impact on the estimated weekend effect if the funnel plot asymmetry was caused by

publication bias® Data augmentationisa&§i K2 R (G KIF G OFy 0SS dzaSR G2 WI RE
publication bias by assuming that observation of a study is determined by#kip alone. Ralues

INB RAGARSR Ayid2 RAFFSNBYy(d OFrGS3a2NRASas Soe3aod on
probability of observing a study (identifying the study and including it in a systematic review) can be
different, for example studies that fall into a smallalue category (i.e. studies with a statistically

highly significant result) are more likely tobedpfi A A KSR 6+ yR KSyOS 6S WwW206aSN
into a larger pvalue category (i.e. studies with statistically rgignificant results)Andingsfrom

repeating our primary metanalysis and sensitivity analysis using data augmentatioprasented

in Tablel2 below, and statistical outputs from these analyses are providethinlel3 and Tablel4.
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The analyseadopted the followinghree categories: [0 to 0.01], [0.01 to 0.05], [0.@b1]. The

results show that augmentation slightly reduced the estimated weekend effect in each cases.

Tablel2 Results oflata augmentatioranalyses for the primargnd sensitivityneta-analysis

(all types of admissions)

Sensitivity analyses N Pooled mean Posterior predictive | 12 (95% Crl)
(95% Crl) mean (95% Crl)
Primary metaanalysis 44 |1.16(1.10,1.23) | 1.16(1.00, 1.34) 0.16 (0.00, 0.B)

Primarymeta-analysis with

1.11 (1.081.13)

data augmentation, using {
p-value categories
Sensitivity analysis (all 77
types of admissions,
allowing overlap of data
between studies)
Sensitivity analysis with
data augmentation, 3
value categories

N: number of observations (estimates of the weekend effect from individual studies). Crl: credible interval.

1.15(110, 1.2) | 1.16 (0.9, 139) 0.18 (0.00, 0.48)

1.12 (109, 1.14) | - -

Tablel3 Bayesian statistical outputs for primary medaalysis with data augmentation

Mean SD 2.5% 97.5% N_eff Rhat
Tau 0.10 0.01 0.08 0.12 40,984 1.00
Theta 0.10 0.01 0.09 0.12 37,370 1.00

Estimated pooled effect 1.11 (1.08, 1.1®¥ree pvalue categories usefDd to 0.01], [0.01 to 0.05], [0.05 to 1]
SD: standard deviation. N eff: effective sample size.

Tablel4 Bayesian statistical outputs for sensitivity metaalysis (allowing partial overlap of data
between studies) with data augmentation

Mean SD 2.5% 97.5% N_eff Rhat
Tau 0.11 0.01 0.09 0.13 48,825 1.00
Theta 0.12 0.01 0.11 0.14 50,184 1.00

Estimated pooled effect 1.12 (1.09, 1.14)ree pvalue categories usefD to 0.01], [0.01 to 0.05], [0.05 to 1].
SD: standard deviation. N eff: effective sample size.
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Appendix 9.

9.1 Subgroup analysds types ofadmissions

Subgroup analyse@nortality)

Forest plots for the prespecified subgroup analyses based on types of admissions included in each

study are shown below.

9.1.1 All admissions

Study Country
Ruiz 2015 Australia
Ruiz 2015 Australia
Madsen 2014 Denmark
Lee 2012 Malaysia
Ruiz 2015 Netherland
Ruiz 2015 Netherland
Freemantle 2012 UK
Freemantle 2012 UK
Freemantle 2015 UK
Freemantle 2015 UK
Mohammed 2012 UK
Attenello 2015 USA
Conway 2017b USA
Freemantle 2012 USA
Freemantle 2012 USA
Gould 2003 USA
Ruiz 2015 USA
Ruiz 2015 USA
Pooled

Posterior predictive

Study period

2009 to 2012
2009 to 2012

1995 to 2012
2008 to 2010

2009 to 2012
2009 to 2012

2009 to 2010
2009 to 2010
201310 2014
2013 to 2014
2008 to 2009

2002 to 2010
1998
2010
2010
1995 to 1997
2009 to 2012
2009 to 2012

Adequacy of
adjustment

3
3

4

2b
2b
2b
2b

2b

2b
2b

Estimated OR

1.03 (0.96, 1.10)
1.03 (0.97, 1.10)

2.23 (1.00, 4.97)
1.22 (1.14, 1.31)

1.25 (1.13, 1.37)
1.32 (1.20, 1.45)

1.16 (1.14, 1.18)
1.11 (1.09, 1.13)
1.10 (1.08, 1.11)
1.15 (1.14, 1.17)
1.14 (1.10, 1.18)
1.11 (1.10, 1.12)
1.12 (1.09, 1.14)
1.18 (1.11, 1.26)
1.16 (1.09, 1.24)
1.01 (0.95, 1.08)
1.13 (1.04, 1.24)
1.12 (1.03, 1.21)

1.13 (1.09, 1.18)
1.13 (1.04, 1.22)

$

T T T T T T T 1
1 12 14 16 18 2 22 24

OR

Note: some ofthe studies reported two separatestimates of the weekend effector a given country, foexample
Saturday vsweekdays) and Sunday vaieekdays). Both estimates were included in the mesaalysis as they provided
additional information while the correlation between the estimates within individual studies was accounted for in the
multi-levelBayesian model. The study by Ruiz et al. 2015 provided estimates for multiple countries.

Figureb Weekend effect on mortality in studies coveraligadmissiongincluding both medical and
surgical, emergency and elective admissions)
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9.1.2 Emergencydmissions

Study

Perez Concha 2014
Ruiz 2015
Ruiz 2015

Conway 2016
De Giorgi 2015

Ruiz 2015
Ruiz 2015

Barba 2006
Lee 2006

Aylin 2010
Freemantle 2012
Freemantle 2012
Gillies 2017

Han 2017a
Handel 2012
Maggs 2010
McCallum 2016
McCallum 2016
Meacock 2016
Meacock 2016
Mohammed 2012
Mohammed 2017
Roberts 2015
Shiue 2017
Walker 2017
Walker 2017

An 2017

Cram 2004
Goldstein 2014
Ruiz 2015
Ruiz 2015
Zapt 2015

Pooled
Posterior predictive

Country

Australia
Australia
Australia

Ireland
Italy

Netherland
Netherland

Spain
Taiwan

UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK

USA
USA
USA
USA
USA
USA

Study period

2000 to 2007
2009 to 2012
2009 to 2012

2002 to 2014
2000 to 2013

2009 to 2012
2008 to 2012

1998 to 2003
2000 to 2002

2005 to 2006
2009 to 2010
2009 to 2010
2005 to 2007
2004 to 2014
1999 to 2009
2007 to 2008
2000-2014
2000 to 2014
2013 to 2014
2013 to 2014
2008 to 2009
2014

2004 to 2012
2010 to 2015
2006 to 2014
2006 to 2014

2003 to 2013

1998
1988 to 2010
2009 to 2012
2009 to 2012
2007 to 2010

Adequacy of g i\ 1 ated OR
adjustment

3 117 (1.14,1.19)
3 1.03(0.97,1.10)
3 1.02(0.95, 1.09)
2a 1.02 (0.94, 1.10)
4 1.41(1.36, 1.47)
3 1.20 (1.09, 1.33)
1.17 (1.08, 1.29)

3 1.08(0.97,1.21)
3 0.96 (0.93, 0.99)
3 1.10(1.08, 1.11)
2b 1.14 (1.12, 1.16)
2b 1.11(1.09, 1.13)
3 1.14 (0.98, 1.30)
2b 1.08 (1.02, 1.15)
4 1.42(1.40, 1.43)
4 1.11(0.97, 1.25)
2b 1.00(0.84,1.19)
2b 0.90(0.76, 1.08)
2b 1.05 (1.04, 1.07)
2b 1.21(1.16, 1.26)
3 1.09(1.05,1.13)
2a 0.97 (0.88, 1.07)
4 1.09 (1.07, 1.10)
4 1.06 (1.01,1.11)
1 1.07 (1.01,1.13)
1 1.05 (1.00, 1.11)
3 1.05(1.04, 1.05)
2b 1.03 (1.01, 1.06)
2b 1.63 (1.21,2.20)
3 1.11(1.02, 1.20)
3 1.13(1.04, 1.24)
3 1.27 (0.91, 1.76)

1.11 (1.06, 1.16)
1.11 (0.94, 1.31)

Note: some of the studies reported two separate estimates of the weekend effect for a given country, for example
Saturday vs. weekday(s) and Sunday vs. wegls). Both estimates were included in the matzalysis as they provided
additional information while the correlation between the estimates within individual studies was accounted for in the
multi-level Bayesian model. The study by Ruiz et al. 2015 mgdwdsdtimates for multiple countries

Figure6 Weekend effect on mortality in studies coveramgergencyadmissions
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9.1.3 Hective admissions

Study

Ruiz 2015
Ruiz 2015

Mclsaac 2014

Ruiz 2015
Ruiz 2015

Freemantle 2012
Freemantle 2012
Mohammed 2012
Ruiz 2016
Ruiz 2016

Ruiz 2015
Ruiz 2015

Pooled

Country

Australia
Australia

Canada

Netherland
Netherland

UK
UK
UK
UK
UK

USA
USA

Posterior predictive

Study period

2009 to 2012
2009 to 2012

2002 to 2012

2009 to 2012
2009 to 2012

2009 to 2010
2009 to 2010
2008 to 2009
2008 to 2011
2008 to 2011

2009to 2012
2009 to 2012

Adequacy of
adjustment

3
3

2b

3
3

2b
2b

3
2b
2b

3
3

Estimated OR

1.20 (0.57, 2.55)
2.07 (1.16, 3.70)

1.51(1.19, 1.92)

4.74 (3.29, 6.82)
2.61 (1.86, 3.66)

1.62 (1.50, 1.75)
1.18 (1.09, 1.28)
1.32 (1.23,1.41)
1.97 (1.83, 2.12)
1.67 (1.50, 1.85)

2.48 (1.17, 5.23)
2.35 (0.61, 9.04)

1.70 (1.08, 2.52)
1.70 (0.64, 4.11)

Note: some of the studies reported two separate estimates of the weekend effectdorem country, for example
Saturday vs. weekday(s) and Sunday vs. weekday(s). Both estimates were included in thpralysia as they provided
additional information while the correlation between the estimates within individual studies was accounteutifier
multi-level Bayesian model. The study by Ruiz et al. 2015 provided estimates for multiple countries

Figure7 Weekend effect on mortality in studies coveralgctive surgical admissions
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9.1.4 Maternity admissions

Study Country
Luo 2004 Canada
Gijsen 2012 Netherlands
Palmer 2015 UK
Pasupathy 2010 UK
Gould 2003 USA
Snowden 2016 (USA - California) USA

Pooled
Posterior predictive

Ad f

Study period e.quacy ° Estimated OR
adjustment

1985 to 1998 4 0.96 (0.91, 1.01) n
2003 to 2007 2b 1.09 (0.94, 1.26) .
2010to 2012 2b 1.07(1.02, 1.13) |
1985 to 2004 3 1.40(1.10,1.70)
1995 to 1987 3 1.01 (0.95, 1.08) |
2009 to 2010 4 0.99(0.85, 1.14) .

1.06 (0.89, 1.29)
1.06 (0.75, 1.53)

Figure8 Weekend effect on mortality in studies covenmgternity admissions

9.1.5 Within study comparisongmergency vs elective admissions

Tablel5 Estimated weekend effects for emergency and elective admissions in studies where both

were reported

Study & location

Emergency admissions

Elective admissions

Mohammed et al. 2012
England (nationwide)

1.09 (1.05 to 1.13)

1.32 (1.23 t0 1.41)

Ruiz et al. 2015

Australia (6 hospitals)

1.02 (0.95 to 1.09)

2.07 (1.16 to 3.70)

England (11 hospitals)

1.08(1.04 to 1.13)

2.78 (1.93 to 4.03)

Netherlands (6 hospitals)

1.17 (1.06 to 1.29)

2.61 (1.86 to 3.66)

USA (5 hospitals)

1.13 (1.04 to 1.24)

2.35 (0.61 to0 9.04)

Data shown are adjusted odds ratios and their 95% confidence intervals reportediinditielual studies
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9.1.6 Emergency admissions through Accident & Emergency (A&E) department

Tablel6 Estimated weekend effects for different subgroups of emergency admissions based on route

of admission

Ratio of
weekend
to
weekday
admissions

Mortality
(%)
weekend

Mortality
(%)
weekday

Unadjusted OR

Adjusted OR

Cram et al. 20022

in-hospital mortality

All admissions | 0.26 6.7 5.7 1.20 (1.17 to 1.23)| 1.12 (1.09 to 1.14)
Unscheduled 0.31 6.7 6.0 1.14 (1.11t0 1.16)| 1.10 (1.07 t0 1.12)
admissions only

A&E admissions | 0.39 6.7 6.4 1.03 (1.01t0 1.06)| 1.03 (1.01 to 1.06)
only

Meacock et al. 2018, 30-day mortality

Direct admission | N/A 2.72 2.37 N/A 1.21(1.16to0 1.26
from community

Admissions N/A 3.59 3.42 N/A 1.05 (1.04 tdl.07)
through A&E

Sharp et al. 2013} in-hospital mortality

Mortality in the | N/A 4.23 3.96 1.07 (1.06 to 1.08)| 1.03 (1.01 to 1.05)
A&E or following

admissions

through A&E

Mortality N/A N/A N/A N/A 1.03 (1.01 tdl.05)
following

admission

through A&E
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9.2 Mortality ¢ subgroups by time period

This is partly dealt with in metgegression but this could be confounded by stdelyel variables,

Below is a summary of withistudy observations as triangulation of this finding from meta

regression.

Tablel7 Studies in which changes in the weekend effect over time were expludatieir findings

Study, location,
statistical
adjustment

Type of admissions &
outcome measure

Changes in the weekend effect over time

Databasestudies

An 2017 (USA
Nationwide) [3]

Emergency admissions
(both medical & surgical);
in-hospital mortality

Significant reduction between 2003 (HR
1.069, 1.053 to 1.084) and 2013 (HR 1.02}
1.010 to 1.040)

Handel et al. 2012
(UK¢ Scotland) [4]

Emergency admissions
(both medical & surgical);
in-hospital mortality

Examined the weekend effect for eagbar
between 1999 and 2009, and found it stay
WYdzOK GKS arFyYSQ RdzN
fluctuated between 1.35 and 1.46)

Luo et al. 2004*
(Canad¢
nationwide) [4]

Maternity admissions;
stillbirth and early neonata
mortality (0-6 days)

{GFGSR GKS afAakKGt
overall stillbirth and overall early neonatal
death for infants born on weekends
persisted through 19881989, 199Q19%4
and 1995m ppy € @

McCallum et al. 201
8 (UK- England) [2b]

Emergency general surgic
admissions; 3@lay, in
hospital mortality

WSLR2NISR GKIFG GKS
O2yaraiuSyiaé¢ I ONRaa
calculatal according to the date of
admission, but it was reduced in the periog
20102014 compared with the period 2000
2004 when calculated according to the dat
of operation.

2}

Mclsaac et al. 2014
67 (Canada
Ontario) [2b]

Elective, norcardiac
surgical admissions; afay
mortality (both in/out of
hospital)

Reported similar estimates of the weekeng
effect for 20022007 (OR 1.78, 1.13 to 2.84
and 20082012 (OR 1.60, 0.89 to 2.85).

Meacock & Subn
2017%" (UKc
England) [3]

Emergency admissions; 3(
day mortality

Reported & average change of 0.004 (in th
2RRa NYGA2Z dpx /L
time between 2015/2016 and 2013/2014 in
the estimated weekend effect among 123
trusts (hospital/hospital groups). Substanti
variations in these changes were observeq
(SD=0.118) aong individual trusts, with the
change ranging from a decrease of 0.340 {
an increase of 0.380.
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Roberts et al. 201% | Emergencydmissions; 30 | Reported similar estimates of the weekend
(UK¢ England & day mortality effect over 4 periods (2008, 20078, 2009
Wales) [4] 10, 201112) for England (OR fluctuated
between 1.096 and 1.108) and Wales (OR
fluctuated between 1.064 to 1.106)

Single hospital studies

Conway et al. 20170 Emergency medical Analysed three time periods (20 2006
€ (Ireland, single admissions; 3@lay in 9, 201014) and reported significantly lower
hospital) [4] hospital mortality weekend effect in more recent period (timg

period effect OR 0.71, 0.67 to 0.74) and
stated that he weekend effect diminishes
from OR 1.15 (1.05 to 1.24) to OR 0.90 (0,
to 1.12) when the interaction between time
period and weekend/weekday admission
was accounted for.

Lee et al. 2012’ All admissions; Hmospital | Weekend effect reduced over aygar
(Malaysia, single mortality period from OR 1.30 (1.15 to 1.47) in 2008
hospital) [4] to 1.14 (1.02 to 1.29) in 2010.

Sullivan et al. 2018 | Emergency admissions:-in| Unadjusted RR 1.28 in 2011 and 1.18 in
(Australia, single hospital mortality 2013.

hospital) [4]
Cl: confidence intervalR: hazard ratic®R: odds ratio; RR: risk ratio; SD: standard deviation.

9.3 Mortality ¢ subgroups bgountry

As illustratedn Figure Xhe main textand other forest plots ilppendix9.1 above the weekend

effect appears to vary between studies undertaka different countries. Two studies provided data

of cohorts from different countries. In a Global Comparators Project, Ruiz et al. investigateg 30
in-hospital mortality for emergency admissions and elective surgical admissions using data from four
countries(Table1l5in Appendixd.1.5 abové.!®* Weekend effect was found across the countries and
type of admissions, but there were notable variations between the countries and no apparent
weekend effect was observed in Australia for emergency admissions in their primary arByysi
contrast, Freemantle and colleagues obtained very similar estimates for two independent datasets

from England and USA (Figurathe main tex}.'®
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9.4 Mortality ¢ subgroupdy disease conditions

Although systematic reviews of the weekend effect for indialddisease conditions have been
published!*®2 comparisons of the weekend effect between different disease ¢andi could be
confounded by differences in studgvel characteristics between studiedeveral studiemcluded in

this reviewreported weekend effectby selected, individual disease conditions and they provide a
chance to make such a comparison thdeis susceptible to confoundity studylevel variables

The data are presented in this sectidlle selected conditions for which the mortality is likely to be
affected by hospital staffing level (ruptured abdominal aortic aneurysm, acute epiglottits, a
pulmonary embolism) and those for which mortality is unlikely to be influenced by staffing level as
originally hypothesised by Bell and colleagues in their seminal pZzerwell as other conditions

that commonly contribute to death during hospital admissions.

Overall the stimated weekend effect from tferent studies are fairly consistent fanost of the
conditions, but discrepancies exist and the findings do not necessarily agree with hypdthigsihs

set out by Bell and colleagu& finding worth highlightig is that in the only study (Walker d) ¢hat

was judged to have achieved comprehensive statistical adjustfi¢me, testfor interaction showed

no significant difference (p=0.86) in the estimated weekend effect between admissions associated

with different anditions based on the Clinical Classification Software (CCS) groups.
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Tablel8 Estimated weekend effexbn mortality for admissions associated wipecificconditions

Condition Bell et al. 2001 | Aylin et al. 20181 Cram et al. 2002 Freemantle et al. | Roberts et al. 2015| Roberts et al. 2015
52 Emergency admissiong - All admissions 201218 o i
Emergency (odds ratio), weekend | - Unscheduled All admissions Emergency Emergency
admissions vs weekday, England | admissions; (hazard ratio) admissions (odds | admissions (odds
(odds ratio), - Unscheduled Sunday vs ratio), weekend vs | ratio), weekend vs
weekend vs admissions through Wednesday, weekday, England | weekday, Wales
weekday, A&E England
Ontario (odds ratio), weekend
vs weekday, California
Ruptured abdominal | 1.28 (1.13 to Aortic, peripheral and | Aortic aneurysm NR Abdominal aortic | Abdominal aortic
aortic aneurysm* 1.46) visceral artery 2.13(1.77 to 2.58) aneurysm aneurysm
aneurysms 1.38 (1.13 to 1.69) 1.510 1.945
1.45 (1.26 to 1.66) 1.13 (0.90t0 1.41) (1.424 to 1.601) (1.548 to 2.440)
Acuteepiglottitis* 5.28 (1.01 to NR NR NR NR NR
27.50)
Pulmonary embolism* 1.19 (1.03 to NR 1.42 (1.15t0 1.76) NR 1.197 1.245
1.36) 1.36 (1.09 to 1.70) (1.144 to 1.252) (1.021 to 1.518)
1.22 (0.59 to 1.60)
Acute myocardial 1.03 (1.00 to 1.08 (1.03to0 1.14) 1.09 (1.00 to 1.17) 1.11 (1.01to 1.059 1.040
infarction” 1.06) 1.04 (0.97 t0 1.12) 1.23) (1.037 to 1.082) (0.960 to 1.126)
1.01 (0.93 to0 1.10)
Intracerebral 1.01 (0.93to Acute cerebrovascular | 1.20 (1.080 1.34) Acute Strokel.115 Strokel.193
haemorrhage” 1.11) disease 1.11 (1.00 to 1.23) cerebrovascular (1.099 to 1.132) (1.125 to 1.265)
1.13 (1.09 t0 1.18) 0.98 (0.87 to 1.10) disease
1.16 (1.09 to 1.23)
Acute hip fracture”® 0.97 (0.90 to Fracture of neck of Hip fracture Fracture of neck of | Hip fracture 1.019 | Hip fracture 1.086
1.04) femur (hip) 0.98 (0.92 | 1.13 (0.97 to 1.32) femur (hip) (0.994 to 1.044) (0.983 to 1.200)
to 1.04) 1.14 (0.97 to 1.34) 1.07 (0.95 to 1.19)
1.13 (0.93 t0 1.36)
Chronic airway 1.01 (0.94 to Chronic obstructive 0.88 (0.63 to 1.24) Chronic obstructive| Chronic obstructive| Chronic obstructive
obstruction 1.09) pulmonary disease and 1.02 (0.67 to 1.56) pulmonary disease| pulmonary disease| pulmonary disease

bronchiectasis
1.00 (0.94 to 1.05)

1.07 (0.61 to 1.86)

1.02 (0.93 to 1.13)

1.035
(1.015 to 1.05)

1.067
(0.990 to 1.150)
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Cancer of the trachea, 1.19 (1.12 to Cancer of bronchus, 1.51(1.31t01.73) Cancer of NR NR
bronchus, or lung 1.25) lung 1.34 (1.24 to 1.44) 1.20 (1.04 to 1.39) bronchusJung
1.11 (0.93 t0 1.32) 1.28 (1.16 t0 1.43)
Heart failure 1.00 (0.96 to Congestive heart 1.03(0.95t01.12) Congestive heart | 1.134 1.092
1.04) failure non 1.06 (0.98 to 1.16) failure (1.112 t01.156) (1.011t0 1.178)
hypertensive 1.05 (0.96 to 1.16) 1.10 (1.01to 1.21)
1.11 (1.05t0 1.17)
Gastrointestinal 1.08 (0.96 to 1.08 (1.00t0 1.17) 1.28 (1.04 to 1.57) NR Upper Gl bleeding | Upper Gl bleeding
haemorrhage 1.20) 1.27 (1.04 to 1.57) 1.124 1.138
1.14 (0.92 t0 1.42) (1.094 to 1.155) (1.017 to 1.274)
Cardiadysrhythmia | 1.17 (1.09 to 1.31 (1.17 t0 1.47) 1.28 (1.08 to 1.50) NR NR NR
1.25) 1.24 (1.09to 1.42)
1.10 (0.95 to 1.28)
Pneumonia NR 1.00 (0.97 to 1.04) 0.99 (0.92 to 1.06) 1.03 (0.98 to 1.08) | 1.037 1.092
1.00 (0.94 to 1.08) (1.025 t01.049) (1.043 to 1.145)
0.94 (0.87 to 1.02)
Septicaemia 0.99 (0.91 to Except in labour 1.10 (1.03t0 1.17) Except in labour NR NR
1.07) 1.04 (0.96 t0 1.13) 1.09 (1.02t0 1.17) 1.07 (0.96 t0 1.18)
1.04 (0.96 t0 1.12)

*Conditions hypothesised by Bell et al. for whiciwveekend effect is likely to be observed because these conditions: (1) occur frequently; (2hdisital mortality rate among patients
with the condition is high; (3) the first few days of hospitalisation are critical; (4) the condition is tred&ldeye involves logistic difficulties; (6) death can be rapid; (7) patients with the
condition typically receive a substizal amount of care in clinicalettings other than a critical care unit A&E

Conditions hypothesised by Bell et al. for whictveekend effect is less likely to be observed: The first was acute myocardial infarction, which is usually managéshircarergetting,
where fluctuations in staffing levels are minimal. The second was acute intracerabrabtrhage, for which eéictive treatment is generally unavailable. The third was acute hip fracture, a
condition that is sometimes treated more promptly on weekends than on weekdays, because operating rooms are more avaiebieos.

A & E: accident & emeegcy; NR: not reported.
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9.5 Mortality ¢ correlation of hospital weekend staffing level and the weekend
effect
Meacock and Suttorg 8 SR 2y G(KS GSELISNAYSyGlt adraradadasé
reported an average trust (hospitabspital group weekend effect of 1.119 (odds ratio, 95% CI not
reported, 3Gday mortality, 2015L6), with the odds ratio for individual trust ranging from 0.920 to
1.360 (SD=0.081%. They examined the correlation between (1) the estimated weekend effect for
year 201516; (2) the change in the estimated weekend effect from &&ir3-14 to 201516 for
individual trust and four measures of comprehensivenesacafe care in hospital at weekends.
These measures are used as clinical standards by the English NHS to monitor the progress of its
implementation of 7day services, and inae: (1) time to first consultant review within 14 hours of
arrival at hospital; (2) being able to access diagnostic services within 1 hour for critical patients,
within 12 hours for urgent patients, and within 24 hours for aggent patients 7 days a wkg(3)
having 24/7 access to consultant directed interventions including critical care, interventional
radiology and endoscopy, and emergency general surgerg]l [@atients in critical and acute areas
are reviewed twice daily, and those in general waadsreviewed once daily (unless otherwise
considered unnecessary), 7 days a week. Neither the estimated weekend effect, nor the change in
the estimated weekend effect over time, showadignificant correlation with these four measures.

The findings wereonsistent for both all admissions and emergency admissions

Aldridge et alcarried outa survey of all hospital trusts (groups of hospitals) receiving unselected
emergency admissions in England to measyrecialist ¢onsultan) intensity on a weekend da
(Sunday) and a weekday (Wednesday) in 2&1&pecialistntensity was defined as the self
reported estimated number of specialisburs per ten emergency admissions betweer00$hour
and 2000 hour in each trust. Trustpecific weekend effect on mortality was calculated using the

Hospital Episode Statisticadjusting for age, sex, deprivation, diagnostic category and comorbidity.
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Of the 141 eligible trust, 115 (91%) participated with 15537/34350 (45%) of surveyed clinicians
responded. The results show that the median specialist intensity reported on Sunday was only 48%
of than on Wednesday, but no significant association was fgurd.042; p=0.654)etween the
trust-level Sunday to Wednesday intensity ratio and the weekend effect (which is the adjusted

Sunday to Wednesday mortality ratio).
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Appendix 10. Impact of variations in methodological approaches

This section examines the potéaitimpact of different methodological approaches on the estimated
weekend effect, using data from withstudy comparisonévhich avoid confounding by studgvel

variable$ where possible.

10.1 Impact of statistical adjustmefr acute physiology

Although studies from various research teams have reported that inclusion of measures of acute
physiology diminishes (although not necessarily abolish completely) the weekend effect, the impact
is not consistent over time and in particular appears to be wensitive depending on completeness

of the data. For example in Walker et &l,adjusting for biochemistryrad haematological test

results slightly increases the estimate weekend effect compared with the model without adjusting
for these variables when patients from all emergency admissions were included. The estimated

weekend effect substantially reduced amopatients who had a complete set of these test results.

Tablel9 Reported estimates of the weekend effect before and after adjusting for measures of acute
physiology

Publication & location Study period Effect Estimated weekad | Estimated
measure effect (OR) without | weekend effect
adjusting for acute | adjusted for acute
physiology physiology

Conway et al 201& 2002 t02014 Odds ratio | 1.08 (1.01to 1.15) | 1.07 (0.98 to 1.16)
(Dublin, Ireland)
Conway et al 20178 2002 to 2014 Odds ratio | 1.05(0.97to 1.13) | 1.03 (0.96 to 1.09)
(Dublin, Ireland)
Mikulich et al 201F2 2002 to 2009 Oddsratio | 1.11(0.99t0 1.23) | 1.05(0.88t0 1.24)
(Dublin, Ireland)
Mohammed et al 20178 2014 Odds ratio 1.10 (1.01 to 1.20) | 0.97 (0.88to 1.07)
(Yorkshire & Humberside,
UK)
Walker et al 20173 2006 to 2014 | Adjusted 1.09 (1.081.14) 1.11 (1.05 to 1.18)
(Oxford, UK) All patients relative risk
Walker et al. 2017 2006 to 2014 Adjusted NR 1.05 (1.00 to 1.11)
(Oxford, UK) Patients with relative risk

complete

laboratory test

results

NR: not reported
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10.2 Different definitions of weekends

Table20 Studiesn which the weekend effect was estimated using different definitions of the

weekend

Study &outcome
measure

Different definitions of weekends

Estimated weekend effect

Lee et al. 2006%°
Death within 24 hours

Weekend vs working days
Consecutive holiday vs working days

OR 1.005 (0.953 to 1.0p9
OR 1.150 (1.005 to 1.315)

Lee et al. 2006%®
Death within 48 hours

Weekend vs working days
Consecutive holiday vs working days

OR 1.001 (0.957 to 1.047)
OR 1.163 (1.037 to 1.303)

Lee et al. 2006%°
30-day mortality

Weekend vs working days
Consecutive holiday vs working days

OR 0.959 (0.932 to 0.986)
OR 1.130 (1.051 to 1.214)

Walker et al. 2017
Saturday vs Wednesday
30-day mortality

Days start at midnight
Days start at 7 am rather than midnight Day
start at 8 am rather than midnight

aRR 1.08 (1.03 to 1.14)
aRR 1.11 (1.06 to 1.17)
aRR 1.11 (1.06 to 1.17)

Waker et al. 20173
Sunday vs Wednesday
30-day mortality

Days start at midnight
Days start at 7 am rather than midnight
Days start at 8 am rather than midnight

aRR 1.09 (1.03 to 1.14)
aRR 1.07 (1.02 to 1.13)
aRRL.08 (1.03 to 1.13)

aRR: adjusted relative risk; OR: odds ratio
*Weekend included Saturday and Sunday. Consecutive holiday included weekend connected with another

public holiday

10.3 Different measures for mortality

In general, weekend effect is mopeofound for shoriterm mortality than longeiterm mortality but

there are exceptionsBell et al. 200%23 G I 4 SR

K

al

yrfteasSa 2F RSI GKa

admission, rather than total thospital deaths, generally showed larger relative differences in

Y2NILFfAG@

6SG6SSy 6881 Sy B Conthia et@alS2811 Bbvied ek MMildr & A 2 v 3

pattern between irhospital deaths & postlischarge deaths at 7 day$. Walker et al2017 found

aKIF QG

GAY dzy b R2 dzi siaSsciad@vitiSiedkand SdihiSsia viere lytkateld at shorter

timescales; however, after adjusting for administrative factors excess risks associated with

emergency admission on Saturdays or Sundays vs Wednesdays were simidayfdo B0day

mortality (upplementary Figure 9(a)). Similarly, adjusting for test results attenuated these excess

risks, regardless of timescale over which the mortality outcome was assessed (Supplementary Figure

PO B8O DE
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Table21 Studies in which the weekend effect was estimated using different mortality measures

Study Type of Outcome | Mortality measure Effect estimates
admissions measure
Freemantle| All admissions| HR In-hospital mortality 1.16 (1.14 t0 1.18)
et al. 2012 HR In-hospitalmortality (death within 3 1.11 (1.09 to 1.13)
18 days of admission censored)
HR 30-day mortality (in/out hospital) 1.14 (1.13t0 1.16)
Madsen et | All medical RR In-hospital mortality 2.23 (ClI not reported)
al. 2014*® | admissions RR 30-day mortality (in/out hospital) 1.77 (Chot reported)
Han etal. | Emergency OR In-hospital mortality 1.083 (1.021 to 1.149)
201710 medical & OR 7-day mortality (in/out hospital) 1.122 (1.069 to 1.179)
surgical 30-day mortality (n/out hospital) 1.104 (1.057 to 1.154)
Barba et al.| Emergency OR 2-day mortality (inhospital) 1.40 (1.20 to 1.61)
200651 medical & OR aDft20Ff Y2NIIFfAG& 1.08(0.97to1.21)
surgical
Lee etal. | Emergency OR 1-day mortality (in/out hospital) 1.005 (0.953 to 1.059)
2006%° medical & OR 2-day mortality (in/out hospital) 1.001 (0.957 to 1.047)
surgical OR 30-day mortality (in/out hospital) 0.959 (0.932d 0.986)
Walker et | Emergency aRR 7-day, l4day, 21tday and 3eday Data presented in
al. 2017*3 | medical & mortality (in/out hospital) graphs; overall very
surgical similar between the
different measures
Gillies et Emergency OR Perioperative mortality (3@ay) 1.14 (0.98 to 1.30)
al. 2017%5 | general HR Overall survival (death from any caus 1.00 (0.96 to 1.04)
surgical
Ozdemir et | Emergency OR 30-day mortality (in/out hospital) 1.11 (1.06 to 1.17)
al. 2016'2 | (general) OR 90-day mortality (infout hospital) 1.08 (1.03t0 1.13)
surgical
Aylin 2013 | Elective OR 2-day mortality (in/out hospital) 2.67 (2.300 3.09)
16 surgical OR 30-day mortality (in/out hospital) 1.82 (1.71 to 1.94)
Mclsaac Elective OR 2-day mortality (in/out hospital) 2.00 (0.68 t0 5.85)
201457 surgical (non | OR 30-day mortality (in/out hospital) 1.96 (1.34 t2.86)
cardiac)
Dubois et | Elective OR 2-day mortality (in/out hospital) 0.87 (0.65t0 1.16)
al 2016% | surgical OR In-hospital mortality 1.05 (0.93t0 1.19)
(Friday vs OR 30-day mortality (in/out hospital) 1.08 (0.97 to 1.21)
Monday) OR 90-day mortality (in/out hospital) 1.09 (1.00to 1.19)
Palmer et | Maternity OR 1-day neonatamortality (in-hospital) | 1.09 (1.03 to 1.15)
al. 2015%1 OR 7-day perinatal mortality (ifhospital) | 1.07 (1.02 to 1.13)

aRR: adjusted risk ratio; HR: hazard ratio; OR: odds ratio. RR: risk ratio
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10.4 Different effect measures

Two studiesuseddifferent effect measures for a given mortality outcome measdieenumerical

estimates of the weekend effect were very similar between odds ratio and hazard ratio, and

between odds ratio and risk ratio in the respective study.

Table22 Studies in which different effect measures were deasbstimate the weekend effect

Study Type of admissions| Outcome measure Effect measure | Effect estimates

Perez Concha| Emergency (both | 7-day mortality (both in | Odds ratio 1.17 (1.14 t0 1.19)
etal. 2014% | medical & surgical)| and out hospital) Hazard ratio 1.16 (1.14 t0 1.18)
Mclsaac et al. | Elective surgical 30-day mortality (both in| Odds ratio 1.96 (1.34 to 2.86)
201457 (non-cardiac) and out hospital) Risk ratio 1.93 (1.331t0 2.79)
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10.5 Multiple analyses of the same or overlapping data set(s)

This section shows that even basmulthe same data source, estimation of the weekend effects can still vary substantially, indicating the potentially poor

signalto-noise ratio in using the weekend effect on hospital mortality as a reliable measure of care quality.

Table23 Comparison of weekend effect estimates made by different authors based on theskmgely overlappingatases

Study [adequacy of Outcome measure Comparison Adjusted odds ratio
statistical adjustment]

Data source: Hospital episodsatistics (HES), all English hospitals, 2a¥3 emergency admissions (both medical & surgical)

Aldridge et al. 20168*[3] In-hospital mortality Sunday vs Wednesday 1.13 (1.10 to 115)
Saturday vs Wednesday 1.09 (1.07 to 1.12)
Anselmi et al. 2018 [2b] 30-day inhospital Sunday day time W&/ednesday day time 1.061 (1.028 to 1.095)
mortality Sunday night time vs Wednesday day time 1.019 (0.981 to 1.058)
Saturday day time vs Wednesday day time 1.031 (0.999 to 1.064)
Saturday night time vs Wednesday day time 0.997 (0.960 to 1.035)
Meacocket al. 2016°% [2b]  30-day inhospital Sunday vs Wednesday (admissions via A & E) 1.088 (1.063t0 1.114)
mortality Sunday vs Wednesday (admissions from the community) 1.278 (1.196 to 1.366)
Saturday vs Wednesgdadmissions via A & E) 1.047 (1.023 t0 1.072)
Saturday vs Wednesday (admissions from the community) 1.154 (1.082 to 1.231)

Data source: Irish national hospitalibJ- G A Sy & Sy lj dzZA NBE o1 Lt 94, EmefgéncyWiledic& admiEsiofs2 4 LIA G F € = W naH

Conway et al. 2018 [2a] 30-day inhospital Weekend (Friday to Sundays Weekday (Monday to Thursday), 1.02 (0.94 t0 1.10)
mortality aYdzt GAGIENRFGS t23A80A0 NBINBaaa:
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Conway et al. 2017%[2a]  30-day inhospital

mortality
Conway et al. 2017% 30-day inhospital
[4] mortality

30-day inhospital
mortality

Weekend (Friday to Sunday) vs Weekday (Monday to Thursday), 1.08 (1.01 to 1.15).
GazRStfAYy3 Y2NIlItAGe NRA]l 2OSNJI

Weekend (Friday to Sunday) vs Weekday (Monday to Thursday), 1.07 (0.98 t0 1.16)
aYdzZ GAGFNRFOES f23AaGA0 NBINBaar

25S1SYR 6CNRRIF@& 0 {dzy R &80 @a 2 ¢1.03(0.96to1.09)

2
multivariablel R2dzAa 4§ SRX Ay OARSYyOS NI GS

ZIA

Weekend (Friday 17:00 to Sunday) vs weekend (Monday to Friday 17:( 1.15 (1.05 to 1.24)
Gdzy AGEFNARFGS | R2dzaGSR 2RRa&a NI (A2¢

Weekend (Friday 17:00 tdunday) vs weekend (Monday to Friday 17:00° 0.90 (0.71to 1.12)
GClFOG2NAY3I Ay GKS GAYS LISNRA2Ra |
4SS1TSYR ST¥FSOG¢

*Multiple estimates were reported across the three papers based on the same dataset (with exact the same number of adntissitheseffect measures and

corresponding methods (e.g. type of statistical techniques/models and variables being adjustedrfopgoorly described.
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Appendix 11. Evidence on the weekend effect related to adverse events

Nineteen studies compared the risk of adverse events between weekend and weekday adnis&igig38404243495061,66,6870.727577

Adverse events examined include hospital acquired conditfmetient safety indicators’®4° post-operative complications? 293449 reoperation;®

adverse maternal and neonatal outconté4>6&70727576: ra.gdmissiong®61%5; re-visit to A&ES! admission to intensive care uriit®® and clinical

management incidents’” While an increased risk of experiencing various adverse events was observed for weekend admissions in some studies, the
findings wereheterogeneous and inconsistent (e.g. riskvaisincreased for some measures of adverse events but not increased or even detfeas

other measures within individual studies; inconsistent findings with regard to the existence and magnitude of the weedafdredfgiven adverse event

between diffeent studie$. Findings for different measures of adverse events are presented below.

11.1 Composite measures of adverse events

In a large study using the Nationwide Inpatient Sample, Attenello and colle&yémsnd that weekencadmissions are associated with a 25%

increase in the odds of experieng a hospital acquired condition, which is considered by the US Centers for Medicare & Medicaid Services as
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I O2yRAGAZ2Y GKIFG aO2dzZ R NBlFazylofeée KI &8I &SRy IdpaRER wayiSdanitiink N2 dz3 K
hospitals were the most common hospital acquired condition, which constituted of 88% of the events.

Based on data collected in a voluntary incidesporting system, Buckley & Bulger 2012uggeted that the risk of clinical management

incidents (including both errors leading to harm and near misses and errors that did not cause harm) was higher amosggatitatl

during weekends (OR 2.738, 2.552 to 2.937). However the increased risk wgsrommstnced for incidents that were less serious, and no

adjustment was made for severity of illness.

Table24 Weekend effect onamposite measures of adverse evergysorted in included studies

Composite measure of adverse events Study Type of Adequacy of | Adjusted odds ratio Comment
admission statistical (95% ClI)
adjustment
Hospital acquired conditionsair embolism, retained foreign Attenello et al.| All admissions | 2b 1.25(1.24t0 1.26)
objects post surgery, poor glycaemic control, blood incompatibilities, press| 201 53° (emergency,

ulcers, catheter ssociated UTI, vascular catheter associated infection, falls/ .
trauma, mediastinitis post CABG, surgical site infectafter certain eIeCtlve_’
orthopaedic procedures, after cardiac implantable electronic device, after maternlty)
bariatric surgery for obesity, DVT/PE aftertain orthopaedic procedure,
iatrogenic pneumothorax with venous catheterisation

Poor outcomedeath at 24 ours, cardiac arrest, ICU transfer Khanna et al. | Emergency 2b Not estimated as there | ED admission only
20118 medical were only 13 events | 0 difference in
e y physician level
admissions between
weekdays and
weekends

Clinical management incidents Buckley & Undefined 4 2.738 (2.552 to 2.937)
Bulger 20127 | admissions
CABGcoronaryartery bypass graftbVT: deep vein thrombosis; PE: pulmonary embolism; ICU: intensive cafldTunifyinary tract infection

63

G



11.2 Needs for further hospital care following initial admission

Fourstudies examined the weekend effect on various measures of readmission, reoperation, ICU admisgi&iarils following the initial
admission (or following discharge from the initial admissidhe results are heterogeneous: one stiddgusing on chilren 43 with inadequate
adjustment of potential confounding factors reported a 9% increase in the odds fdapB@eadmissios associated with weekend admissions;
Khanna and colleagugsased on data from aingle hospital in Chicago in which there were no difference in physician level between weekdays
and weekendsfound that weekend admissiongere associated with significantly lower risk of ICU transfer during hospitalisatidrwere

not associated withmincreased risk of readmissions orvisit to the A&E ¢ Dubois and colleague found an increase odds of 7% for ICU
admission among elective surgeries carried out on Fridays compared with those carried out on Mondays, but no incredage rie 30

operation or readmission was observéél Walker et al. reported significantly higher risk of admitting to ICU for weekend admissions when
factors available from administrative database were adjusted for, but this weekend effect was substantiallytstiewhen laboratory test

results were also adjusted fo®
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Table25Weekend effect on theerd for further hospital care following initial admissieported in included studies

Furtherhospital care required Study Type of admission | Adequacy of Adjusted odds ratio Comment
statistical (95% CI)
adjustment
30-day readmission, any causes| Auger et al. 201%® | All admissions 4 1.09 (1.02t0 1.8) Children only
30-day unplanned readmission | Auger et al. 201%° | All admissions 4 1.09 (1.00t0 1.18) Children only
ICU admission Walker et al. 2017 | Emergency medad | 1 Results were presented Significant weekend effec
13 & surgical in supplementary Figurq (adjusted relative risk
admissions 15 (a) and (b) around 1.20) was

observed when the mode
adjusted for factors from
administrative database;
Additionally adjustindor
laboratory test results
significantly attenuated
the weekend effect

ICU transfer during
hospitalisation

Khanna et al. 2011

61

Emergency medica
admissions

2b

0.20 (0.05 to 0.88)

ED admission only; no
difference in physician
level between weekdays
and weekends

30 day repeat ED visit

Khanna et al. 2Q11
61

Emergency medica
admissions

2b

0.95 (0.63 tal.44)

ED admission only; no
difference in physician
level between weekdays
and weekends

30 day repeat hospital
visit/readmission

Khanna et al. 2011
61

Emergency medica
admissions

2b

0.80 (0.51 to 1.25)

ED admission only; no
difference in physician
level between weekdays
and weekends

30-day readmission Dubois et al 2016° | Elective surgical | 2b 1.02 (0.98 to 1.06) Friday vs Monday (day of
admissions surgery)

30-day reoperation Dubois et al 2016° | Elective surgical | 2b 0.96 (0.90 to 1.02) Friday vs Monday (day of
admissions surgery)
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ICU admission

Dubois et al 2016

Elective surgical
admissions

2b

1.07 (1.02 to 1.12)

Friday vs Monday (day of
surgery)

ED: emergency department; ICU: intensive care unit
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11.3 Patient safety indicators and surgical adverse events

Many studies examined the weekend effect on patient safety indicators or other measures related to adverselexegtsrfollowing

surgery.While an increased risk of surgical adverse events was found in several studies, the findings were not consistent aaoss diff

outcomes within individual studies and were also heterogeneous across studies for a given outcome measure.

Table26 Patient safety indicators and surgical adverse events

Outcome measures

Study

Type of
admission

Adequacy of
statistical
adjustment

Adjusted odds ratio
(95% ClI)

Comment

Pertoperative adverse events

Patient Safety Indicato€omplication®f
anaesthesia

Bendavid et al 200]

49

All surgical
admissions
(emergency,
elective,
maternity)

0.86 (0.780 0.95)

Transfusion of blood products

Goldstein et al.
2014 %

Emergency
surgical
admissions

2b

1.14 (1.01 to 1.26)

Children only

Required transfusion

Zapf et al. 201%°

Emergency
surgical
admissions

1.17 (0.96 to 1.43)

Patient Safety IndicatoRetained Foreign bodies

Bendavid et al 200

49

All surgical
admissions
(emergency,

0.96 (0.820 1.11)
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elective,
maternity)
Accidental puncture or laceration Goldstein et al. Emergency 2b 1.40 (1.14to 1.74) Children only
2014 % surgical
admissions
Patient Safety IndicatoAccidental cuts and Bendavid et al 20071 All surgical 3 0.99 (0.951t0 1.02)
lacerations during procedure, excluding maternity| 4° admissions
(emergency,
elective,
maternity)
Patient Safety IndicatoAccidental puncture or Ricciardi et al. 201¢ Emergency 4 0.804 (0.79 to 0.82)
laceration 38 admissions
Postoperative adverse events
Postoperative complicationsicute kidney injury (AKI), OzrazgaBaslanti | All surgical 3
mechanical ventilation required for >48 hours, ICU admission for >4§ at g|. 2016° admissions
hours, severe sepsis, cardiovascular complications and/onglee for
vasopressors for >24 hours, neurologic complications (including
delirium), and wound complications (including mechanical wound
complications and surgical infections)
One postoperative complication 1.05 (0.98 to 1.13)
Two postopgrqtive complipations 1.19 (1.09 to 1.30)
X U K Ndperativd2caniplications 1.36 (1.26 to 1.47)
30-day postoperative morbidity (1 or more Zare et al. 2007* | Elective surgica 2b Could not be Friday
complications) admissions estimated* surgery
Haemorrhage, hematomar seroma Goldstein et al. Emergency 2b 0.94 (0.77 t0 1.15) Children only
2014 surgical
admissions
Patient Safety IndicatoPostoperative Bendavid et al 20071 All surgical 3 1.07 (1.01t0 1.14)
haemorrhage, excluding maternity 49 admissions
(emergency,
elective,
maternity)
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Patient Safety IndicatoPostoperative Ricciardi et al. 201¢ Emergency 4 0.966 (0.92 to 1.01)
haemorrhage/haematoma 38 admissions
Dehiscence or nchealing wound Goldstein et al. Emergency 2b 0.97 (0.731t0 1.27) Children only
2014 % surgical
admissions
Patient Safety IndicatoPostoperative wound Ricciardi et al. 201¢ Emergency 4 1.355 (1.25t0 1.48)
dehiscence 38 admissions
Wound infection or abscess Goldstein et al. Emergency 2b 1.02 (0.93t0 1.12) Children only
2014 % surgical
admissions
Developed wound complication Zapf et al. 201%8° Emergency 3 1.29 (1.05t0 1.58)
surgical
admissions
Patient Safety IndicatoPostoperative hip fracture | Ricciardi et al. 201§ Emergency 4 1.188 (1.03t0 1.36)
38 admissions
Patient Safety IndicatoPostoperative pulmonary | Ricciardi et al. 201¢ Emergency 4 1.094 (1.08 to 1.11)
embolism or deep veithrombosis 38 admissions
Developed sepsis following surgery Zapf et al. 2018° | Emergency 3 1.07 (0.84 to 1.37)
surgical
admissions
Developed pneumonia following surgery Zapf et al. 201%° Emergency 3 1.24 (1.0 to 1.54)
surgical
admissions
Developedurinary tract infection following surgery | Zapf et al. 201%° Emergency 3 1.39 (1.05t0 1.85)
surgical
admissons
Other patient safety indicators
Pressure ulcer Ricciardi et al. 201§ Emergency 4 1.033 (1.02 to 1.04)
38 admissions
latrogenic pneumothorax Ricciardi et al. 201§ Emergency 4 0.986 (0.95 to 1.03)
38 admissions
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Central venous catheterelated blood stream Ricciardi et al. 201¢ Emergency 4 1.019 (1.00to 1.04)
infection 38 admissions
*The authors stated that "Our logistic regression models fod@9 morbidity had unacceptably lowirdices (measures of predictive validity of the models) that ranged
from 0.56 to 0.65, precludingrisk-adjusted assessment of postoperative morbidity in this study."”

ICU: intensive care unit.

Ricciardi et al. 201@raded 4 for adequacy of statistical adjustment) examined mortality among patients who had experienced a patient
safety indicator (PSI) everit and found patients admitted during weekend had a higher odds of death following all the PSlIs evaluated except

central venous catheterelated blood stream infection.

Table27 Weekend effecon death following a patient safety imchtor event reported by Ricciardi et al. 2016

Patient safety indicator (PSI) related mortality Adjusted odds ratio
Death following PSI: pressure ulcer 1.05 (1.02 to 1.08)
Death following PSI: iatrogenic pneumothorax 1.20 (1.10 to 1.31)
Death followingPSlI: central venous catheteglated blood stream infection 1.00 (0.92 to 1.08)
Death following PSI: postoperative hip fracture 1.27 (0.87 to 1.86)
Death following PSI: postoperative haemorrhage/haematoma 1.22 (1.06 to 1.41)
Death following PSI: postepative pulmonary embolism or deep vein thrombosis 1.05(1.00to0 1.11)
Death following PSI: postoperative wound dehiscence 1.12 (0.89t0 1.41)
Death following PSI: accidental puncture or laceration 1.16 (1.07 to 1.25)
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11.4 Perinatal and neonatal adverseents

With a few exceptions (some of which were subgroup ana)ysésdies of maternity admissions generally reported relatively small or no

weekend effect for perinatal and neonatal adverse events.

Table28 Weekend effect ongrinataladverse eventeeported in the included studies

Outcome measure Study Adequacy of | Adjusted odds ratio | Comment

statistical (95% CI)
adjustment

Adverse perinatal outcomeitrapartum and early Gijsen et al. 2012 2b 1.01 (0.97 to 1.05) | Combined results using data from

neonatal mortality, a low Apgar score, severe birduma reported SUbngUpS

(excluding cephalic haematoma, fracture of the clavicle, facial

nerve injury and injury to the brachial plexus), and admission t

NICU on the same or the day after birth

Perinatal adverse outcomeirapartum or early de Graaf et al. 201% | 2b

neonatal death (number of deaths within 7 days after live birth

5-minute Apgar score below 7, or transfer of the newborn to a

neonatal intensive care unit after birth

Tertiary hospitals, Saturday vs Tuesday 1.16 (1.05t0 1.30)

Tertiary hospitals, Sunday vs Tuesday 1.02 (0.91t0 1.13)

Nontertiary hospitals, Saturday vs Tuesday 1.01 (0.93t0 1.08)

Nontertiary hospitals, Sunday vs Tuesday 1.03 (0.95t0 1.11)

Composite neonatal adverse outcomeish Snowden et al. 2018 | 4 1.04 (1.01t0 1.06) | Both high & low volumeéays

trauma, neonatal seizures (defined using {€&bdes), Snin

Apgar score <7, admission to the NICU, neonatal death (all

defined using vital statistics data)

Birth asphyxia Snowden et al. 2013 | 4 1.27 (1.07 to 1.51) | Suggested the weekendfett was
stronger on igh-volume days in
which there wasa lower rate of
caesrean delivery

Apgar score ® Gijsen et al. 2012 2b 1.00 (0.94 to 1.06) | Combined results using data from

reported subgroups
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5 minute Aogar score <7 FrankWolf et al. 2016 | 4 p=0.118

69
Apagr score <7 Snowden et al. 2018 | 4 1.14 (1.06 to 1.23) | Both high & low volume days
Cord pH <7 FrankWolf et al 2016 | 4 p=0.514

69
Injury to neonate Palmer et al. 201% 2b 1.06 (1.02 to 1.09)
Birth trauma (liveborn, patient Safety Bendavid et al 2007 | 3 1.06 (1.03to 1.10)
Indicator):an newborn babieseicluding subdural or cerebral
haemorrhage, preterm infants, skeletal injury, osteogenesis
imperfecta)
Neonatal birth trauma Snowden et al. 26@*? | 4 0.99(0.95t0 1.03) | Both high & low volume days
Selected neonatal infections Palmer et al. 201% 2b 1.01 (0.98 to 1.04)
Neonatal encephalopathy Wu et al. 2017° 4 Risk ratio Unadjusted; variable not included

0.96 (0.86 to 1.06) | multivariateanalysis

Neonatal seizures Snowden et al. 2018 | 4 1.04 (0.81to 1.32) | Both high & low volume days
NICU admission Snowden et al. 2018 | 4 1.07 (104 to 1.11) Both high & low volume days
Three day neonatal readmissions Palmer et al. 201% 2b 1.04 (1.00 to 1.08)

*Defined asdays in whictihe number of birthsexceededhe K 2 & LIA G | £ Qa
Cl: confidence interval; IGR International Classification of Disease8révision; NICU: neonatal intensive care unit

TpiK
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11.5 Maternaladverse events

Weekend effect was found for several adverse events in some studies, although the statistical adjustment was only juglgaditd br inadequate in

many cases.

Table29 Weekend effect on aternal adverse eventgported in the included studies

Outcome measure Study Adequacy of | Adjusted odds ratio (95% CI)
statistical
adjustment
Perineal tear Palmer et al. 201% 2b 1.00 (0.98 t0 1.03)
Severe perineal laceration Snowden et al. 2016 | 4 1.08 (104 t0 1.12)
Obstetric trauma during Vaginal delivery with instrumentation (patient | Bendavid et al 200? | 3 1.00 (0.98 t0 1.02)
safety indicator)
Obstetric trauma during vaginal delivemjthout instrumentation (patient | Bendavid et al 200? | 3 1.03 (1.02t0 1.04)
safety indicator)
Obstetric trauma during Caesarean section (patient safety indicator) | Bendavid et al 200 | 3 1.36 (1.29 t01.44)
Composite maternal adverse evenisstetric infection (chorioamnionitis, endometritis| Snowden et al. 2016 | 4 1.12 (1.10to 1.15)
and wound infection subsequent to caesarean delivery), haemorrhage (a composite -pfigpsh
haemorrhage diagnosis codes and maternal blood transfusion procedure codes), severe perinea
lacerations (third or fourth degree), prolonged maternal lengtistafy (LOS; LOS >3 days for vaginal
deliveries and >5 days for caesarean deliveries)
Pelvic floor morbidityepisiotomy, third or fourth degree laceration, and vulvar or perineal | Lyndon et al. 208.72 4 1.01 (0.99t0 1.8)
hematoma or other trauma
Severe morbidityhysterectomy, unplanned return to operating room, transfer to intensive ¢{ Lyndon et al. 201% 4 1.03 (0.94t0 1.13)
unit, maternal death, or length of stay >= 90th percentile for mode of birth with a diagnosis of se|
postpartum hemorrhage, maternal sepsis, deep veitthbosis, pulmonary embolism, uterine
rupture, respiratory failure, heart failure, puerperal cerebrovascular accident, severe anaesthetic
complication, maternal shock, disseminated intravascular coagulation, or renal failure
Maternal Haemorrhage Snowden et al. 2018 | 4 1.05(1.01t0 1.08)
Puerperal infection Palmer et al. 2015 2b 1.06 (1.01to0 1.11)
Obstetric infection Snowden et al. 2018 | 4 1.09 (1.05t0 1.13)
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Maternal Prolonged length of stay (>3days for vaginal delivery, >5 day| Snowden et al. 2018 | 4 1.21(1.17 to 1.25)
caesarean section)
Three day maternal readmissions Palmer et al. 201% 2b 0.93 (0.84t0 1.02)

LOS: length of stay
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Appendix 12. Evidence on the weekend effect relatedd¢adthof stay(LOS)

Fifteen studies compared hospital LOS between weekend and weekday admi&¥iei1§2939404245596466 Data reported in individual studies are shown in
Table30 below. The majority of studies show that the (unadjusted) mean or nmelaigspital LOS was shorter (by one day or less in most cases) for
admissions during weekends compared with admissions during weekdays. There are a few notable exceptions in which |aapaidte$weith weekend
admissions was observed: a study (whichiered all admissions including maternity admissions) by Freemantle and colleagues reported a median LOS of 3
days for weekend admissions compared with a median LOS of 1 day for weekday adrfissiossiidies of elective adissionst>®® also reported a longer
medianand/or mean LOS for weekend admissions. A further study reported an adjusted odds ratio of 1.21 (95% CI 1.17 to 1.2%) b@®(defined as

> 3 days for vaginal deliveries and >5 days for caesarean deliveries) for maternity admissions over the wrdkbigdincrease was more pronounced for
weekend days in which hospitals experienced high birth voluthésnally, Earnest reported an adjusted difference of 0.31 days (longer for weekend

admissions) after age, sex, admission type (emergency or elective) am sdadmission (ED, ward, outpatients) were take#a account®
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Table30 Length of hospital stay for weekend and weekday admissions

Study

Weekend definition and LOS

Weekday definition and LOS

Measure of weekendveekday
differences

Earnest et al. 2006
All admissions

Weekend (Friday to Sunday)

Weekday (Monday to Thursday)

Adjusted difference 0.31 days
(longer for weekend)
p<0.001

Earnest et al. 2006
All admissions

Eve of public holiday

Weekday (Monday to Thursday)

Adjusted difference 0.71 days
(longer for public holiday)

median (IQR): 8 (47)

p<0.001

Mikulich et al. 201 %2 Weekends Weekdays NR
All admissions n= 5355 n= 20478

mean (SD): 6.3 (6.4) mean (SD): 6.9 (6.7)
Freemantle et al. 201% Saturday Monday to Friday NR
All admissionincluding maternity| n= NR n=NR

median (IQR): 3 (8) median (IQR): 1 (3)
Freemantle et al. 2015 Sunday Monday to Friday NR
All admissionincluding maternity| n= NR n=NR

median (IQR): 3 (B) median (IQR): 1 (3)
Freemantle et al. 201% Saturday & Sunday Monday to Thursday NR
All adnissions, patients who died n=NR n=NR
in hospital median (IQR): 8 (47) median 9; (IQR-18 for Monday, 18 for

Tuesday, 419 for Wednesday & Thursday)
Freemantle et al. 201% Saturday Monday to Friday NR
All admissions, patients in the n=NR n=NR
highest risk category median (IQR): 5 (32) median (IQR¥ for Monday to
Friday except ThursdaftQRmonday

Sunday 2-10, Tuesday t&riday 29)

n=NR

median (IQR): 6 {32)
Freemantle et al. 201% Saturday & Sunday Monday to Friday NR

n=NR n=NR
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All admissions, patients in the

highest risk category who died in

median (IQR): 9QRs-18 Monday,
Wednesday & Thursga

hospital 5-19 Tuesday and Fridjy
Mohammed et al. 2012 Weekends Weekdays All patients
Emergency admissions n= 735933 n= 2369316
median (IQR): 3 (8) median (IQR): 4 (8)
Mohammed et al. 2012 Weekends Weekdays Subgroup: patients discharged aliv,
Emergency admissions n= 684011 n= 2214555
median(IQR): 3 (8) median (IQR): 3 (7)
Mohammed et al. 2012 Weekends Weekdays Subgroup: patients who died in
Emergency admissions n= 51922 n= 154761 hospital
median (IQR): 6 (15) median (IQR): 8 (17)
Mohammed et al. 201% Weekends Weekdays NR
Emergency admissions n= 11332 n= 35785
mean (SD): 7.34 (11.61) mean (SD): 7.54 (11.55)
Conway et al. 20174 Weekends Weekdays NR
Emergency medical admissions | n= 27487 n= 46402
median (IQR): 5.0 (2.7 to 10.1) median (IQR): 5.1 (1.9to 9.4)
Conway et al. 2017% Weekends Weekdays NR
Emergency medical admissions | n= 27330 n= 46867
(discharged or deceased by day| median (IQR): 4.9 (2.7 to 10.0) median (IQR): 5.1 (1.9to 9.1)
28)
Conway et al. 2017% Weekends Weekdays NR
Emergency medical admissions | n= 2406 n= 4333
(length of stay between 28 to 90| median (IQR): 41.7 (33.6 to 57.5) median (IQR): 42.6 (34.0 to 57.0)
days)
Khanna et al. 201% Weekend Weekday NR
Emergency medical admissions | n= 183 n= 641
median (IQR): 3.8 (NR) median (IQR): 4.3 (NR)
VestHansen et al. 201% Weekend Weekday NR
Emergency medical admissions | Daytime Office hour
n= 29140 n=87764

Median (IQR): 3 €T)

Median (IQR): 3 €T)
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Night time
n= 13976
Median (IQR): 3 (6)

Out of hour
n= 43312
Median (IQR): 2 ¢(T)

Beecher et al. 201%

Weekend admissions, 3 days (medig

Weekday admissions, 4 days

p=0.017

Emergency surgical admissions (median)

Goldstein et al. 201# NR NR Mentioned length of stay in the
Emergency surgical admissions Methods but did not report results
McCallum et al. 2018 Saturday Wednesday By day of admission

Emergency surgical admissions | n= 40617 n= 56955

mean 5.81 (95% CI 5.70 to 5.92)

mean 6.15 (95% CI 6.05 to 6.25)

Sunday

n= 40474

mean 6.02 (95% CI 5.91 to 6.14)
McCallum et al. 2018 Saturday Wednesday By day of surgery
Emergency surgical admissions | n= 7159 n= 10633

mean 7.91 (95% CI 7.62 to 8.20)

Sunday
n= 6052
mean 7.47 (95% CI 7.1770/7)

mean 8.71 (95% CI 8.45 to 8.97)

Zapf et al. 201%8° Weekend Weekday Coefficient 0.011, 95% @01 to
Emergency surgical admissions | n= 19078 n= 61783 0.032, p >0.05

Mean (SD): 3 (NR) Mean (SD): 3 (NR)
Mohammed et al. 2012° Weekends Weeldays All patients
Elective admissions n= 127562 n= 1407705

median (IQR): 3 (3) median (IQR): 1 (3)
Mohammed et al. 2012 Weekends Weekdays Subgroup: patients discharged aliv
Elective admissions n= 126576 n= 1400429

median (IQR): 3 (5) median (IQR): 1 (3)
Mohammed et al. 2012° Weekends Weekdays Subgroup: patients who died in
Elective admissions n= 986 n= 7276 hospital
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median (IQR): 12 (21)

median (IQR): 12 (20)

Dubois et al. 2016
Elective surgical admissions

Friday

n= 65139

mean (SD): 7.9 (8.8)
median (IQR): 6 (8)

Monday

n= 77082

mean (SD): 7.5 (9.1)
median (IQR): 5 (8)

NR

Snowden et al2016%?
Maternity admissions

Overall

Low/averagevolume day

High volume day (days in which
the number of births exceeded

SIFOK K2aLWalrft Qs
percentile for daily births)

Weekends

n= 177233
4.2%

n=153287
4.1%

n= 23946
4.7% (p<0.001 vs low/averagelume
day)

Weekdays
Overall

n= 547744
3.5%

n= 345097
3.5%

n=202647
3.5% (p=0.161 vs low/average
volume day)

Prolonged length of stay (> 3 days
for vaginal deliveries and >5 days 1
caesarean deliveries)

p<0.001

Adjusted OR 1.21 (1.17 to 1.25)

Cl:confidence interval; IQR: interquartile range; NR: not reported; OR: odds ratio; SD: standard deviation
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Appendix 13. Evidence on the weekend effect related to patient
satisfaction

Only one study compared quantitative measures of patsatisfaction between weekend
and weekday admissiort{¢ Based ordatafrom the 2014 NHS adult inpatient survéys4
trusts, with 59,083 respondents representing a 47% response) el accident and emergency
(A&E) department surveyd42 trusts with 39,320 respondents representing a 34% response
rate) and the adult inpatiet survey Graham compared the reported satisfaction of patients
who attended A&E departments, admitted to hospital or discharged from hospital at
weekendgincluding public holidaysyith those who experienced these events during
weekdaysPatients who did following the A&E visits/admissions were excluded from the
surveysPatients admitted at weekends were less likely to respond compared to those
admitted during weekdays, but this was accounted for by patient and admission

characteristics (e.g. age grosipeemergency vs elective admissions and ethnicity).

The findingswhich adjusted for patient age group, sex, ethnicity, use of proxy response
(selfcompleted or supported)jmiting longterm conditions NHS trust, route of admission
(emergency or planrd for the inpatient survey only) and destination post discharge

(admitted or discharged, for the A&E survey ondyiow that patients who attended A&E at
$SS1TSYRa ¢SNB aAIYyAFAOLyGteée Y2NB aldAafFAaASR |
0 NB I (cerBpged @ith those who attended during weekdayatientsadmitted to

hospital via A&E at weekends were also more positive about the information given to them

in A&E. There were no significant differences in other dimensions of care covered in the

surveys?®
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Table31 Data from NHS inpatient survegported in Graham 201 adjusted mean valué&s

Weekend | Weekday| Difference p value

(positive value

favours weekend
Admissions (n) 10382 48701 - -
How much information was given to | 8.160 7.891 0.269 <0.001
you?
Were you giverenough privacy? 8.358 8.277 0.081 0.123
Did you feel that you had to waita | 6.849 6.786 0.063 0.338
long time?
Discharges (n) 11525 47558
Information on discharge 6.321 6.409 50.088 0.113
Medicines information on discharge | 7.085 7.136 50.051 0.373

*Out of a scale between 0 to 10 for each items in the survey
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Appendix 14. GRADE assessnmiédor overall quality of evidence

Table32 Justification for GRADE assessment of overall quality of evidencertatity

Domain Upgrade/downgrade| Justification
Baseline rating Low All included studies were observational studies
1. Risk of Bias Downgrade one leve| Key potential confounding factors

(urgency/severity) were adjusted for only in a
small number of studies witrelatively small
sample sizes.

2. Inconsistency

None (could have
been downgraded)

There is notable heterogeneity between estimat
within studies and between studies, and the 959
credible intervals for’lcannot rule out a very high
level of heterogeneitysee Table 2 of the main
text). However as the rating is already
R2¢6y3INI RSR (2 a@OSNE f
downgrading is possible.

3. Indirectness

None (could have
been downgraded)

Timing of the admissions was used as a proxy f
hospital care qualityTherefore inference was
made indirectly. A the rating is already
R2¢6y3INI RSR (2 aOSNE f
downgrading is possible.

4. Imprecision

None

This is not a particular concern given the large
volume of evidence included. The 95% credible
interval (110 to 1.23) is reasonably narrow.

5. Publication Bias

None

Although funnel plot asymmetry was observed,
our sensitivity analysis using data augmentation
methods showed that adjustment for the
asymmetry only had a small impact on the poole
estimate.

6. large magnitude
of effect

None

The magnitude of effect was not large and coulg
plausibly be attributed to confounding.

7. Dose response

None

Limited evidence from two studies examining th
relationship between staffing levelfday service
provision andmortality did not show correlation
between them 2427

8. Effect of plausible
confounding factors

None

Plausible confoundinfactors would produce an
effect in the same direction as the observed
weekend effect

Final rating

Very low

This is in relation to using the estimated weeker
effect on mortality to infer weekday/weekend
difference in care quality in the hospital.
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Table33 Justification for GRADE assessment of overall quality of evideramv/ése events

Domain Upgrade/downgrade| Justification
Baseline rating Low All included studies were observational studies
1. Risk of Bias Downgradeone level | Potential confounding factors were inadequately

adjusted or not adjusted at all among included
studies.

2. Inconsistency

None (could have
been downgraded)

Inconsistency was observed between studies ar
between different adverse events within sties.
However as the rating is already downgraded tg
GOSNE 266> y2 TFTdzNIKS

3. Indirectness

None (could have
been downgraded)

Timing of the admissions was used as a proxy f
hospital care quality. Therefore inference was
made indrectly. In addition, measures such as
hospital acquired conditions and patient safety
indicators are proxy measures of adverse event
arising from suboptimal care. There is therefore
some level of indirectness in the evidence.
However as the rating Eready downgraded to
GOSNE t2¢6¢> y2 TFTdzNIKS

4. Imprecision

None

The level of precision varied by individual adver
events. A the rating is already downgraded to
GOSNE t26¢3 y2 TFreghBddKsS

5. PublicatiorBias

None

We were unable to assess publication bias due
lack of study registry, and we did not carry out

meta-analyses or construct funnel plots for this
outcome given the diverse measures used.

6. large magnitude
of effect

None

The magnitude of effeatas not large and was
inconsistent, and could plausibly be attributed tg
confounding.

7. Dose response

None

Limited evidence from one study showed no
difference in physician level between weekday
and weekend.

8. Effect of plausible
confounding factors

None

Plausible confounding factors would produce an
effect in the same direction as the observed
weekend effect

Final rating

Very low

This is in relation to using the estimated weeker
effect on adverse events to infer
weekday/weekend difference in care quality in t
hospital.
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Table34 Justificationfor GRADE assessment of overall quality of evidendenigith of hospital stay

Domain Upgrade/downgrade| Justification
Baseline rating Low All included studies were observational studies
1. Risk of Bias Downgradeone level | Potential confounding factors were either

inadequately adjusted not adjusted at all in the
included studies.

2. Inconsistency

None (could have
been downgraded)

There is notable heterogeneity between studies
not just in the magnitude but in thdirection (i.e.
some found the length of stay for weekend
admissions was longer than weekday admissior
while others found the opposite). However as th
N}y GAy3 A& | tNBFRe R29%
further downgrading is possible.

3. Indirectness

None(could have
been downgraded)

Timing of the admissions was used as a proxy f
hospital care quality. Therefore inference was
made indirectlyLength of stay was directly
measured from administrative records.

4. Imprecision None This is not a particulaacern given the large
number of admissions examined in the included
studies.

5. Publication Bias | None We were unable to assess publication bias due
lack of study registry, and we did not carry out
meta-analyses or construct funnel plots for this
outcome. Publication bias may not be a major
concern given the diverse findings reported in th
included studies.

6. large magnitude | None The magnitude of effect was not large and was

of effect inconsistent.

7. Dose response None Evidence was lacking sdlow assessment of doseg
response.

8. Effect of plausible| None Different confounding factors may produce effeq

confounding factors in the same or opposite direction as the weeken
effect (where observed).

Final rating Very low This is in relation to liisg the estimated

differences in the length of stay to infer
weekday/weekend difference in care quality in t
hospital.
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Table35 Justification for GRADE assessment of overall quality of evidergagitont satisfaction

Domain Upgrade/downgrade| Justification
Baseline rating Low All included studies were observational studies
1. Risk of Bias Downgrade one leve| Only one study provided datd Adjustment for

potential confounding factors was very limited.

2. Inconsistency

None

We were unable to assess this domain as onky
study providd datafor this outcome®

3. Indirectness

None (could have
been davngraded)

Timing of the admissions was used as a proxy f
hospital care qualityOnly one stugl provided
data on this outcomé® and the analysis of
inpatient survey had to focus on questions relatg
to admission and discharge processes rather th
the period of stay as inpatient.

4. Imprecision None The sample size wasasonably large, although
only one study provided data on this outcome.

5. Publication Bias | None Given that only one study was found and that
there is no study registry available, we were
unable to assess the potential impact of
publication bias.

6. large magnitude | None The magnitude of effect was not large.

of effect

7. Dose response | None Evidence was lacking to allow assessment of dg
response.

8. Effect of plausible| None Different confounding factors may produce effeq

confounding factors in the same or opposite direction as the weeken
effect (where observed).

Final rating Very low This is in relation to using the estimated

differences in patient satisfaction between
weekday and weekend admissions to infer
weekday/weekend differences in care diyain
the hospital.
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