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AbstrACt
Objectives Variation in hospital resource allocations 
across weekdays and weekends have led to studies 
of the ‘weekend effect’ for ST elevation myocardial 
infarction (STEMI), non-ST elevation myocardial infarction 
(NSTEMI), heart failure (HF) and stroke. However, few 
studies have explored the ‘weekend effect’ on unplanned 
readmission. We aimed to investigate 30-day unplanned 
readmissions and processes of care across weekend 
and weekday hospitalisations for STEMI, NSTEMI, HF and 
stroke.
Design We grouped hospitalisations for STEMI, NSTEMI, 
HF or stroke into weekday or weekend admissions. 
Multivariable adjusted ORs for binary outcomes across 
weekend versus weekday (reference) groups were 
estimated using logistic regression.
setting We included all non-elective hospitalisations for 
STEMI, NSTEMI, HF or stroke, which were recorded in the 
US Nationwide Readmissions Database between 2010 and 
2014.
Participants The analysis sample included 659 906 
hospitalisations for STEMI, 1 420 600 hospitalisations for 
NSTEMI, 3 027 699 hospitalisations for HF, and 2 574 168 
hospitalisations for stroke.
Main outcome measures The primary outcome was 
unplanned 30-day readmission. As secondary outcomes, 
we considered length of stay and the following processes 
of care: coronary angiography, primary percutaneous 
coronary intervention, coronary artery bypass graft, 
thrombolysis, brain scan/imaging, thrombectomy, 
echocardiography and cardiac resynchronisation therapy/
implantable cardioverter-defibrillator.
results Unplanned 30-day readmission rates were 
11.0%, 15.1%, 23.0% and 10.9% for STEMI, NSTEMI, HF 
and stroke, respectively. Weekend hospitalisations for HF 
were associated with a statistically significant but modest 
increase in 30-day readmissions (OR of 1.045, 95% CI 
1.033 to 1.058). Weekend hospitalisation for STEMI, 
NSTEMI or stroke was not associated with increased risk 
of 30-day readmission.

Conclusion There was no clinically meaningful evidence 
against the supposition that weekend and weekday 
hospitalisations have the same 30-day unplanned 
readmissions. Thirty-day readmission rates were high, 
especially for HF, which has implications for service 
provision. Strategies to reduce readmission rates should 
be explored, regardless of day of hospitalisation.

IntrODuCtIOn
Cardiovascular disease is one of the leading 
causes of mortality and morbidity worldwide,1 
with coronary heart disease and stroke being 
the primary causes of cardiovascular-related 
mortality.2 Timely diagnosis and treatment is 
key to improving prognosis following acute 
myocardial infarction (MI), heart failure 
(HF) and stroke/transient ischaemic attack 
(TIA). However, staffing levels, resource allo-
cation and service provision are known to vary 

strengths and limitations of this study

 ► A study exploring the effect of weekend hospitalisa-
tion for ST elevation myocardial infarction (STEMI), 
non-ST elevation myocardial infarction (NSTEMI), 
heart failure (HF) and stroke on unplanned 30-day 
readmission.

 ► Study included 659 906 hospitalisations for 
STEMI, 1 420 600 hospitalisations for NSTEMI, 
3 027 699 hospitalisations for HF and 2 574 168 
hospitalisations for stroke recorded in the National 
Readmissions Database (NRD) of the USA.

 ► The annualised nature of the NRD means that we 
were not able to track patients between years, there-
by limiting investigation to short-term readmission.

 ► We could not investigate diurnal variation in out-
comes or by individual day of hospitalisation.
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between weekdays and weekends,3 which could impact on 
the processes of care for these diagnoses. Such a hypoth-
esis has resulted in numerous studies of the so-called 
‘weekend effect’ that aim to explore associations between 
weekend hospitalisation and clinical outcomes.4–7 Never-
theless, the existing evidence base is largely inconsistent; 
one explanation is that the effect of a weekend hospital-
isation on clinical outcomes is likely to depend on recom-
mended treatment processes and on service provision 
across hospitals.

For example, current guidelines recommend early diag-
nosis and treatment for ST elevation myocardial infarction 
(STEMI) with primary percutaneous coronary interven-
tion (PCI). Among its many benefits, primary PCI is a 
24/7 service, hence there is arguably limited potential of a 
weekend effect in this cohort. Similarly, revascularisation 
for non-ST elevation myocardial infarction (NSTEMI) is 
recommended within 72 hours8–11 and emerging direct 
transfer protocols12 could again limit potential of a 
weekend effect. In contrast, while many acute care hospi-
tals provide routine care for HF on a weekday, there are 
differences in staffing levels at a weekend,13 suggesting 
that specialists might not see patients hospitalised for 
HF as quickly. Similarly, for stroke/TIA, thrombolysis or 
thrombectomy are immediately indicated for subgroups 
of patients, but availability of these resources locally could 
cause heterogeneity in the receipt of these processes of 
care by day of the week.14

There have been numerous studies investigating in-hos-
pital outcomes across weekday/weekend hospitalisations 
for STEMI, NSTEMI, HF and stroke/TIA.14–24 However, 
there is a paucity of data surrounding unplanned read-
missions following weekend hospitalisations for these 
diagnoses, with the majority of prior evidence focusing on 
mortality. Studying the effect of weekend hospitalisation 
on unplanned 30-day readmissions is important since they 
have implications on resource utilisation and indicators 
of care quality, and they can lead to financial penalties. To 
the best of our knowledge, no previous study has simul-
taneously contrasted the readmission rates and processes 
of care for these primary diagnoses across weekend and 
weekday hospitalisation groups.

Therefore, this study aimed to use a national read-
mission database of the USA to explore the weekend 
effect with respect to 30-day unplanned readmission 
and processes of care in patients admitted for STEMI, 
NSTEMI, HF or stroke/TIA.

MethODs
Cohort description
This was a retrospective cohort analysis of the 2010–2014 
Agency for Healthcare Research and Quality’s Nationwide 
Readmissions Database (NRD), which is a subset of the 
Healthcare Cost and Utilization Project (HCUP). NRD is 
a database of hospital inpatient stays for patients of all ages 
and for all payers in the USA. The data are drawn from 
21 states that are geographically dispersed and accounts 

for approximately 49% of total US resident population 
and hospitalisations.25 The NRD includes a weighting 
(provided by HCUP) that are applied to account for the 
complex survey design and produce national estimates. 
Readmissions for an individual patient can be identified 
within a given calendar year using a deidentified unique 
patient linkage number.

Patient and public involvement
We did not directly include patients/public in this study.

ethics approval
As per the Agency for Healthcare Research and Quality, 
this study was except from review by an institutional 
review board because data are publicly available and 
deidentified.

study design and setting
Index hospitalisations were identified between January 
and November within each calendar year (with hospi-
talisations in December of each year excluded to allow 
identification of 30-day readmission rates for all patients, 
since NRD is annualised and cannot track patients 
between years). During this period, index hospitalisa-
tions were defined as any non-elective admission with a 
primary International Statistical Classification of Diseases 
and Related Health Problems (ICD)-9 diagnosis code 
of: (1) STEMI (ICD-9 codes: 410.0*, 410.1*, 410.2*, 
410.3*, 410.4*, 410.5*, 410.6*, 410.8* and 410.9*, each 
excluding those coded as having a subsequent episode 
of care), (2) NSTEMI (ICD-9 codes: 410.7*, excluding 
those coded as having a subsequent episode of care), 3) 
HF (ICD-9 codes: 402.01, 402.11, 402.91, 404.01, 404.03, 
404.11, 404.13, 404.91, 404.93 and 428.00–428.91)26 or 
(4) stroke/TIA (ICD-9 codes: 430, 431, 433.*1, 434.*1, 
435.* and 436).27–29 Across multiple hospitalisations, a 
patient could appear in more than one diagnosis group. 
For example, if a patient was first admitted for STEMI 
and was then readmitted for HF within 30-days, then the 
admission for HF acts as both a readmission event (for 
the initial STEMI hospitalisation) and also as a new index 
hospitalisation (for HF) to allow us to explore subsequent 
readmission events. Index hospitalisations were excluded 
if: (1) the patient was aged younger than 18 years, (2) the 
patient died during the index hospitalisation, (3) there 
was no information on the length of stay (LOS), (4) we 
could not determine whether the hospitalisation was at 
a weekday or weekend and/or (5) the hospitalisation 
was coded elective. Hospital transfers or same-day stays, 
were excluded (identified using the variables ‘SAMEDA-
YEVENT’ and ‘REHABTRANSFER’ in the NRD).

We grouped patients into those admitted on a weekday 
(Monday–Friday) or at a weekend (Saturday–Sunday), 
using the day of the index hospitalisation (determined 
using the ‘AWEEKEND’ variable in NRD). All analyses 
were stratified by the primary diagnosis category of the 
index hospitalisation (ie, STEMI, NSTEMI, HF or stroke/
TIA).
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Patient and hospital characteristics
Baseline patient characteristics such as age, discharge 
destination, sex, primary expected payer and median 
household income were extracted from the NRD. Addi-
tionally, we used ICD-9 codes to define several comor-
bidities including previous MI, previous PCI, previous 
coronary artery bypass graft (CABG), previous stroke/
TIA and smoking status; the codes used to define these 
comorbidities are given in online supplementary table 
1. The following additional comorbidities are directly 
recorded in NRD: alcohol abuse, deficiency anaemias, 
rheumatoid arthritis, chronic blood loss, congestive HF, 
chronic pulmonary disease, coagulopathy, depression, 
diabetes, drug abuse, hypertension, hypothyroidism, liver 
disease, lymphoma, fluid and electrolyte disorders, meta-
static cancer, other neurological disorders, obesity, paral-
ysis, peripheral vascular disorders, psychoses, pulmonary 
circulation disorders, renal failure, solid tumour, peptic 
ulcer disease, valvular disease and weight loss. Hospi-
tal-level variables included bed size, rural/urban location 
and teaching status.

Outcome measures
All outcomes were obtained directly from NRD. We 
defined the primary outcome to be any unplanned (ie, 
non-elective) readmission occurring within the first 
30 days of discharge from the index hospitalisation. If 
an index hospitalisation had more than one readmission 
within 30 days, we only included the first readmission. We 
determined the causes of readmission using the first diag-
noses recorded using the Clinical Classification Software 
codes (online supplementary table 2).

As secondary outcomes, we considered length of stay 
(LOS) of the index hospitalisation and the following 
processes of care, each measured during the index hospi-
talisation (see online supplementary table 1 for the ICD-9 
codes): coronary angiography, PCI, CABG, thrombolysis, 
thrombectomy, echocardiography, brain scan/imaging, 
and cardiac resynchronization therapy (CRT)/ implant-
able cardioverter-defibrillator.

statistical analysis
For descriptive analysis, continuous variables were 
presented as means with SD or median and IQR, while 
categorical variables were presented as frequencies of 
occurrence. Logistic regression was used to estimate ORs 
for 30-day readmission across weekend versus weekday 
(reference) hospitalisations, where an OR >1 indicates 
weekend hospitalisation increased odds of 30-day read-
mission. The secondary outcomes were summarised 
across weekend/weekday hospitalisation groups using 
frequencies and percentages, and multivariable adjusted 
ORs were calculated. All multivariable adjusted ORs were 
adjusted for all of the variables listed in the ‘Patient Char-
acteristics’, ‘Comorbidities’ and ‘Hospital Characteristics’ 
sections of table 1. Finally, the effect of weekend hospital-
isation on LOS was analysed by fitting a Cox proportional 
hazard model with adjustment for the aforementioned 

variables to obtain adjusted HRs (where a HR <1 indi-
cates increased risk of longer LOS, since the event here is 
time-to-discharge).

All analyses were performed using SAS V.9.4 (SAS Insti-
tute, Cary, NC, USA). We followed the Agency for Health-
care Research and Quality’s recommendations of applying 
survey estimation weights to account for the complex 
survey design of the NRD (eg, using SAS software’s PROC 
commands such as SURVEYLOGISTIC). Subgroup anal-
yses were conducted using relevant domain statements 
within the SAS software’s survey commands. All reported 
sample sizes, summary statistics, coefficients and confi-
dence intervals are those obtained from the survey esti-
mation procedures.

results
A total of 7 682 373 index hospitalisations were included 
in this analysis after applying the exclusion criteria; a flow 
diagram of the inclusion/exclusion criteria is given in 
figure 1. Of the total index hospitalisations, 659 906 had 
a primary diagnosis of STEMI, 1 420 600 had a primary 
diagnosis of NSTEMI, 3 027 699 had a primary diagnosis 
of HF and 2 574 168 had a primary diagnosis of stroke/
TIA. table 1 presents the baseline characteristics (as 
recorded within the index hospitalisation) across each 
primary diagnosis group and across weekend/weekday 
hospitalisations.

unplanned 30-day readmissions
Overall, there were 1 263 620 unplanned readmissions 
within 30 days (16.4%). The 30-day unplanned readmis-
sion rates for each primary diagnosis across weekend 
and weekday hospitalisations are given in table 1. Read-
mission rates were highest for HF (23.6% weekend 
and 22.8% weekday), but they have visually decreased 
through time for all primary diagnoses (figure 2). 
After multivariable adjustment, there was no significant 
difference in 30-day readmission rates between weekend 
and weekday hospitalisations for STEMI, NSTEMI or 
stroke/TIA (table 2). Although weekend hospitalisa-
tions for HF had a statistically significant increase in 
odds of unplanned 30-day readmission compared with 
those admitted for HF during the week, the effect size 
was modest (OR of 1.045, 95% CI 1.033 to 1.058). These 
findings remained consistent through time, with the 
exception of HF in 2012 where there was no significant 
difference between weekend and weekday hospitalisa-
tions (figure 3).

Unsurprisingly, across the weekend hospitalisation 
group and the weekday hospitalisation group, the main 
cause of readmission was related to the primary diag-
nosis of the index hospitalisation (online supplemen-
tary figure 1 and supplementary figure 2). For example, 
for those with an index HF hospitalisation, the most 
common cause of readmission within 30 days was recur-
rent HF (and similarly for STEMI, NSTEMI and stroke/
TIA).

https://dx.doi.org/10.1136/bmjopen-2019-029667
https://dx.doi.org/10.1136/bmjopen-2019-029667
https://dx.doi.org/10.1136/bmjopen-2019-029667
https://dx.doi.org/10.1136/bmjopen-2019-029667
https://dx.doi.org/10.1136/bmjopen-2019-029667
https://dx.doi.org/10.1136/bmjopen-2019-029667
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Figure 1 Flow chart of index hospitalisations through the exclusion criteria. HF, heart failure; NSTEMI, non-ST elevation 
myocardial infarction; STEMI, ST elevation myocardial infarction.

Figure 2 Temporal trends in 30-day readmission by 
weekend/weekday index hospitalisation, stratified by the 
category of index diagnosis. AMI, acute myocardial infarction; 
HF, heart failure; NSTEMI, non-ST elevation myocardial 
infarction; STEMI, ST elevation myocardial infarction.

Processes of care
Observed proportions of each of the in-hospital processes 
of care are given in table 1 for each of the primary 
diagnosis groups, with table 3 giving the multivariable 
adjusted ORs. After multivariable adjustment, STEMI 
weekend hospitalisations had higher odds of undergoing 
a coronary angiography, PCI and thrombectomy, but 
lower odds of CABG compared with a weekday (table 3). 

In contrast, NSTEMI weekend hospitalisations had lower 
odds of receiving coronary angiography, PCI, CABG and 
thrombectomy, compared with weekday hospitalisations. 
Hospitalisations for HF at a weekend were associated with 
lower odds of coronary angiography, echocardiography 
or CRT/implantable cardioverter-defibrillator compared 
with weekday HF hospitalisations. Stroke/TIA hospi-
talisations at a weekend had lower odds of undergoing 
thrombectomy compared with weekday hospitalisations, 
but higher odds of thrombolysis, echocardiography 
and receiving a brain scan. Nevertheless, for all primary 
diagnosis groups, some of the effect sizes were modest 
(table 3).

The median LOS for the whole cohort was 3 days (IQR: 
2–5) for weekend hospitalisations and 3 days (IQR: 2–5) 
for the weekday hospitalisations. After multivariable 
adjustment, weekend hospitalisations for NSTEMI had an 
increased risk for longer LOS (HR for earlier discharge 
of 0.961, 95% CI 0.955 to 0.967). Similarly, those admitted 
at a weekend for a primary diagnosis of stroke/TIA had 
a longer LOS (HR for earlier discharge of 0.978, 95% CI 
0.973 to 0.983). In contrast, weekend admissions with HF 
were associated with increased risk of shorter LOS (HR 
for earlier discharge of 1.044, 95% CI 1.039 to 1.048), 
while there was no difference in LOS for STEMI (HR for 
earlier discharge of 0.997, 95% CI 0.988 to 1.007).

DIsCussIOn
To the best of the authors’ knowledge, this large study 
of a national US readmission database is the first to 
simultaneously analyse the effect of weekend hospitalisa-
tion on readmission rates and processes of care for four 
major cardiovascular diagnoses. Our findings suggest 
that, in this cohort, the presence of a weekend effect was 
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Table 2 Thirty-day readmission numbers and adjusted ORs of unplanned 30-day readmission across weekend versus 
weekday (reference) index hospitalisation groups

Principle diagnosis within 
index hospitalisation

Weekend index hospitalisation Weekday index hospitalisation Adjusted OR 
(95% CI) for 
weekend index 
hospitalisation*

30-day 
readmission, 
weighted n

No of 30-day 
readmission, 
weighted n

30-day 
readmission, 
weighted n

No of 30-day 
readmission, 
weighted n

STEMI 20 256 167 237 52 139 420 274 1.010 (0.977 to 1.044)

NSTEMI 57 559 321 867 157 347 883 826 1.002 (0.983 to 1.021)

HF 170 220 551 985 525 888 1 779 606 1.045 (1.033 to 1.058)

Stroke 73 279 594 554 206 932 1 699 403 1.014 (0.997 to 1.030)

Bold entries indicate significant results. *Adjustment for each of the variables listed in the ‘patient characteristics’, ‘comorbidities’ and 
‘hospital characteristics’ sections of table 1.
HF, heart failure; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST elevation myocardial infarction.

Figure 3 Temporal changes in odds ratios of unplanned 30-
day readmission across weekend versus weekday (reference) 
index hospitalisation groups (adjusted for each of the 
variables listed in the ‘patient characteristics’, ‘comorbidities’ 
and ‘hospital characteristics’ sections of table 1). AMI, 
acute myocardial infarction; HF, heart failure; NSTEMI, non-
ST elevation myocardial infarction; STEMI, ST elevation 
myocardial infarction.

relatively modest. Weekend hospitalisations for HF had a 
statistically significant but clinically modest increase (4%) 
in odds of unplanned 30-day readmission, compared with 
those admitted during the week. There were differences 
in several processes of care across weekend and weekday 
index hospitalisations for STEMI, NSTEMI, HF and 
stroke/TIA, but some of the effect sizes were modest. 
Given the large sample size in this study, focusing on 
effect sizes rather than measures of statistical significance 
is particularly important.

The potential for disparities in hospital care and 
outcomes for weekend hospitalisations when staffing 

levels and services might be reduced have resulted 
in a growth of studies exploring the weekend effect. 
However, the majority of previous studies have focused 
on short-term outcomes such as in-hospital mortality, 
with little data on readmission rates. We observed high 
rates of unplanned 30-day readmission, especially for HF, 
although there was evidence that these rates have been 
declining over time. The observed rates and temporal 
decline of 30-day unplanned readmission are consistent 
with previous studies30–32 and suggests that improvements 
are being made (eg, through closely monitoring 30-day 
readmissions or through legislation where unplanned 
readmissions for HF are non-compensated in the USA). 
However, even by 2014, the 30-day readmission rates 
remained significant.

steMI/nsteMI index hospitalisations
There was no statistically significant difference in rates 
of 30-day readmission between weekend and weekday 
hospitalisations for STEMI or NSTEMI. This finding 
suggests that for diagnoses that have widespread emer-
gency service provision (such as PCI for STEMI), guide-
line-recommended care is delivered irrespective of day of 
hospitalisation. Hence, the potential of a weekend effect 
is limited. This is supported by a recent meta-analysis, 
which found that while there was a marginal increase in 
the odds of mortality for those admitted for acute coro-
nary syndrome at a weekend, this was not observed in 
STEMI and NSTEMI subgroups.33 Similarly, a study of 
regional university cardiac centres in the UK demon-
strated no differences in mortality rates or processes of 
care for patients admitted at a weekday or weekend with 
STEMI or NSTEMI.7

However, the current study did find that weekend hospi-
talisation for STEMI was associated with higher odds of 
coronary angiography, PCI and thrombectomy. Nonethe-
less, the effect sizes were small (ORs of 1.063, 1.085 and 
1.060 for coronary angiography, PCI and thrombectomy, 
respectively). In contrast, NSTEMI weekend admissions 
had lower odds of coronary angiography and PCI. Lower 
utilisation of invasive cardiac procedures (coronary 
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Table 3 Multivariable adjusted ORs of weekend index hospitalisation versus weekday (reference) for processes of care during 
the index hospitalisation across weekend and weekday hospitalisations

Processes of care

STEMI NSTEMI HF Stroke

OR (95% CI) * OR (95% CI) * OR (95% CI) * OR (95% CI)*

Coronary angiography 1.063 (1.029 to 1.099) 0.965 (0.949 to 0.982) 0.911 (0.893 to 0.929) 0.965 (0.909 to 1.023)

PCI 1.085 (1.057 to 1.113) 0.953 (0.938 to 0.968) 0.993 (0.943 to 1.046) 0.992 (0.845 to 1.165)

CABG 0.889 (0.851 to 0.929) 0.890 (0.866 to 0.914) 0.989 (0.886 to 1.104) 1.254 (0.764 to 2.059)

Thrombolysis 1.047 (0.978 to 1.120) 1.002 (0.927 to 1.084) 1.032 (0.878 to 1.213) 1.038 (1.011 to 1.066)

Thrombectomy 1.060 (1.036 to 1.084) 0.945 (0.930 to 0.960) 0.989 (0.944 to 1.037) 0.937 (0.899 to 0.976)

Echocardiography 1.003 (0.966 to 1.041) 1.000 (0.976 to 1.024) 0.972 (0.955 to 0.990) 1.026 (1.010 to 1.043)

Brain scan 1.021 (0.893 to 1.169) 1.009 (0.949 to 1.073) 0.995 (0.937 to 1.057) 1.017 (1.003 to 1.032)

CRT/implantable 
cardioverter-defibrillator

0.982 (0.870 to 1.108) 1.111 (1.021 to 1.208) 0.812 (0.775 to 0.850) 0.927 (0.718 to 1.197)

Bold entries indicate significant results.
*Adjustment for each of the variables listed in the ‘patient characteristics’, ‘comorbidities’, and ‘hospital characteristics’ sections of table 1.
CABG, coronary artery bypass graft; CRT, cardiac resynchronisation therapy; HF, heart failure; NSTEMI, non-ST elevation myocardial 
infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.

angiography, PCI and CABG) for weekend hospitalisations 
for NSTEMI have been reported previously in the Nation-
wide Inpatient Sample database, with these data showing a 
corresponding increase in mortality.6 Reassuringly, in the 
current study, the differences in the rates of angiography 
between weekend and weekday NSTEMI hospitalisations 
were small (0.7% absolute difference). Examining data 
on the time between admission (for STEMI or NSTEMI) 
and the procedure(s), across weekend and weekday 
subgroups, would be potentially informative, but such 
data were unavailable in the current study.

hF index hospitalisations
We observed a statistically significant, but clinically 
modest, increase in odds of 30-day readmission for HF 
hospitalisations at a weekend compared with HF hospi-
talisations on a weekday. Similar findings were found in a 
study by Shah et al, who found that Friday discharges for 
HF had the highest 30-day readmission rate.18 In contrast, 
the Organized Program to Initiate Lifesaving Treatment 
in Hospitalized Patients With Heart Failure study found 
no significant differences in mortality or rehospitalisation 
according to day of hospitalisations for HF.19 Our study 
highlights high unplanned 30-day readmission rates 
following HF for both weekend and weekday cohorts 
(23.6% for weekend HF index hospitalisations and 22.8% 
for weekday HF hospitalisations), which is in line with 
other studies.18 32 Consequently, while the weekend effect 
itself seems relatively modest in this study, these high 
unplanned 30-day readmission rates indicate that there 
should be a focus on preventative strategies that aim to 
reduce readmission rates regardless of day of hospital-
isation. This is especially important since the majority of 
readmissions following an index HF hospitalisation were 
for recurrent HF.

Interestingly, the current study found that some, but 
not all, indicators of processes of care were reduced for 

weekend HF hospitalisations. Specifically, HF hospital-
isations at a weekend were less likely to have coronary 
angiography, echocardiography or CRT/implantable 
cardioverter-defibrillator compared with weekday HF 
hospitalisations. The findings of lower odds of echocar-
diography at a weekend is particularly important since 
echocardiography is key in identifying causes of cardiac 
decompensation such as valvular heart disease but is also 
key in guiding provision of evidence-based therapies 
based on ejection fraction.

stroke/tIA index hospitalisations
The existing evidence of a weekend effect following 
stroke/TIA hospitalisations is inconsistent. Specifi-
cally, while differences in mortality following weekend 
or weekday hospitalisations for stroke/TIA have been 
reported,24 34 other studies have reported no mortality 
differences.14 22 35 Some of these differences might be due 
to heterogeneity in the organisation of stroke care,34 or 
that stroke outcomes might vary in diurnal patterns rather 
than simple weekend versus weekday comparisons.22 The 
current study advances the existing evidence base by 
showing that there was no statistical difference in 30-day 
readmission rates between weekend hospitalisations for 
stroke/TIA compared with weekday hospitalisations.

However, there were differences in some procedures 
for stroke/TIA hospitalisations, with the current study 
showing that stroke/TIA weekend hospitalisations were 
more likely to receive thrombolysis, echocardiography or 
brain scans but had lower odds of receiving thrombec-
tomy. Additionally, stroke/TIA weekend hospitalisations 
had an increased risk for longer LOS compared with 
weekday stroke/TIA hospitalisations, which is consistent 
with previous studies.14 24 Our finding that thrombolysis 
treatment was more likely for weekend stroke/TIA hospi-
talisations has been previously reported in some,14 34 36 
but not all,24 37 previous studies. It has been suggested 



10 Martin GP, et al. BMJ Open 2019;9:e029667. doi:10.1136/bmjopen-2019-029667

Open access 

that weekend hospitalisations present opportunities for 
quicker arrival at hospital and quicker patient journeys 
through the healthcare system, thereby increasing the 
chance of a patient presenting within the 3-hour window 
for administration of intravenous tissue plasminogen 
activator.14 36 38 Additionally, one could hypothesise that 
demand for diagnostic testing and brain scans could be 
supported more readily at a weekend due to the reduced 
demand from elective procedures. Further research is 
required in this space.

study limitations
There are several limitations that should be consid-
ered when interpreting the results of this study. First, 
none of the reported associations can be interpreted as 
causal due to the possibility of unmeasured confounders 
and the possibility of unmeasured imbalances in base-
line case mix (eg, disease severity or patient behaviour) 
between weekend and weekday hospitalisation groups. 
However, the non-elective nature of the diagnoses consid-
ered in this study means that the risk of bias induced by 
possible heterogeneity in disease severity across weekend 
or weekday groups is arguably low. Second, the use of 
administrative data to explore the presence of a weekend 
effect can be challenging due to limitations of coding of 
acute medical conditions, especially where the reasons 
for inaccurate coding might differ by day of the week.39 
To mitigate this, we have followed previous recommenda-
tions of excluding all elective hospitalisations and used 
a stringent selection of ICD-9 codes.39 Third, the annu-
alised nature of the NRD means that we were not able 
to track patients between years, thereby limiting investi-
gation to short-term readmission. Fourth, we could not 
explore the weekend effect on prescription of recom-
mended drugs/medications since NRD does not record 
data on pharmacotherapy or prescriptions. Fifth, our 
analysis could not account for death as a competing risk 
for readmission since we did not have data on deaths that 
might have occurred after discharge. Finally, the dataset 
only included a binary variable indicating if the hospital-
isation occurred at a weekend or not; thus, we were not 
able to explore diurnal variation in outcomes or by indi-
vidual day of hospitalisation.

COnClusIOn
In conclusion, this study set out under the hypothesis 
that 30-day unplanned readmission rates are the same 
between weekday and weekend hospitalisations for 
STEMI, NSTEMI, HF and stroke/TIA; we could not find 
any evidence against this hypothesis. There was a statis-
tically significant difference in some processes of care 
between weekend and weekday admissions. Unplanned 
30-day readmission rates were high regardless of day of 
index hospitalisation, especially following hospitalisa-
tion for HF. Given that unplanned readmissions have 
both financial consequences and implications for service 

provision, strategies that aim to reduce readmission rates 
should be explored, irrespective of day of admission.
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