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RESEARCH ARTICLE Open Access

Weekend admissions and mortality for
major acute disorders across England and
Wales: record linkage cohort studies
Stephen E. Roberts1,2* , Ann John1,2, Keir E. Lewis1,3, Jonathan Brown1,4, Ronan A. Lyons1,2 and John G. Williams1,2

Abstract

Background: To establish which major disorders are susceptible to increased mortality following acute admissions
on weekends, compared with week days, and how this may be explained.

Methods: Cohorts based on national administrative inpatient and mortality data for 14,168,443 hospitalised patients
in England and 913,068 in Wales who were admitted for 66 disorders that were associated with at least 200 deaths
within 30 days of acute admission. The main outcome measure was the weekend mortality effect (defined as the
conventional mortality odds ratio for admissions on weekends compared with week days).

Results: There were large, statistically significant weekend mortality effects (> 20%) in England for 22 of the 66
conditions and in both countries for 14. These 14 were 4 of 13 cancers (oesophageal, colorectal, lung and
lymphomas); 4 of 13 circulatory disorders (angina, abdominal aortic aneurysm, peripheral vascular disease and
arterial embolism & thrombosis); one of 8 respiratory disorders (pleural effusion); 2 of 12 gastrointestinal disorders
(alcoholic and other liver disease); 2 of 3 ageing-related disorders (Alzheimer’s disease and dementia); none of 7
trauma conditions; and one of 10 other disorders (acute renal failure). Across the disorders, 64% of the variation in
weekend mortality effects in England and Wales was explained by reductions in admission rates at weekends and
the medical disease category.

Conclusions: The effect of weekend admission on 30 day mortality is seen mainly for cancers, some circulatory
disorders, liver disease and a few other conditions which are mainly ageing- or cancer-related. Most of the
increased mortality is associated with reduced admission rates at weekends and the medical disease category.

Keywords: Mortality, Weekend admissions, Acute disorders

Background
A so-called ‘weekend mortality effect’ of increased mor-
tality for hospital admissions on weekends - compared
with normal week days - has been the subject of in-
creased interest and controversy in recent years. [1–3]
However, explanations for the variable evidence reported
from numerous studies, often based on differing settings,
methodologies and medical conditions, is still lacking.
Some studies that have reported on weekend mor-

tality effects investigated single disorders, such as

stroke, [4–8] acute myocardial infarction, [9–12] or
hip fracture, [13–15] or individual services such as
dedicated stroke units, [7, 8] specialist trauma centres,
[14, 16–18] kidney transplantation, [19] and primary
percutaneous coronary intervention services. [9–11]
These were mostly based in single specialist centres,
networked or audited centres and usually reported
little or no weekend mortality effects. Other studies
have focused on all hospital admissions, [1, 2, 20]
or particular types of admission, aggregated nation-
ally or regionally, such as elective surgery, [21]
emergency surgery, [18, 22, 23], acute unselected
admissions, [24–31] or have reviewed all types of
condition, [32] and have mostly reported strong
overall evidence of weekend effects. Several studies
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have reported on weekend effects for a range of dis-
orders. [24, 31, 33, 34]
A recent review on the future direction of research into

the weekend effect has highlighted the need for more evi-
dence from large population studies that investigate and
analyse individual diseases. [35] The primary objective of
this study was to focus on all major acute disorders and to
establish which are susceptible to weekend mortality ef-
fects following acute admissions. Further objectives were
to test if weekend mortality effects could be explained by
factors including reductions in admission rates at week-
ends, the type of medical condition, mortality risk soon
after admission, changes in the source of admission and
patient socio-demographics. The rationale behind these
explanatory factors includes, firstly, greatly reduced ad-
missions and increases in the proportion of admissions
through emergency departments at weekends may reflect
higher condition severity thresholds for admission at
weekends. Secondly, weekly variation in admissions with
high mortality risk soon after admission and for different
types of medical condition may be linked to the availability
of some specialist services at weekends.
To strengthen the evidence, for confirmatory purposes,

the study was designed using data collected independ-
ently from two different national health services across
England and across Wales. The main a priori hypothesis
was that weekend effects would be largest for specific
types of medical condition that have greatly reduced ad-
mission rates at weekends or particularly high mortality
during acute phases.

Methods
Study cohorts
The study used cohorts of adults (aged 18+ years) who
were admitted unscheduled for major disorders to all public
hospitals across England and Wales from January 1st 2004
to December 31st 2012. These cohorts were based on na-
tional administrative inpatient data, Hospital Episode Statis-
tics for England (population 53.5 million in 2012) and the
corresponding Patient Episode Database for Wales (popula-
tion 3.07 million). The inpatient data were systematically
linked to mortality data from the Office for National Statis-
tics and the Welsh Demographic Service to identify all
deaths that occurred following discharge from hospital, as
well as inpatient deaths, within 30 days of admission. The
information sources were compiled, stored and accessed
through a secure, privacy protected, data storage gateway,
the Secure Anonymised Information Linkage (SAIL) data-
bank, [36] supported by The Farr Institute of Health In-
formatics Research. The ascertainment of mortality and the
record linkage methodology, based on a unique anon-
ymised, encrypted linking field for each patient, have been
validated as > 98 and > 99.8% accurate. [37] We included
each person’s first emergency admission following the start

of the study period and then also included any subsequent
admissions provided they occurred at least 30 days follow-
ing discharge from a preceding emergency admission.

Study disorders
The study cohorts included disorders that led to substantial
mortality, which was defined as 200 deaths or more within
30 days of acute admission during the study period in both
England and Wales. 66 disorders fulfilled these criteria.
They were circulatory (13 conditions), respiratory (8),
gastrointestinal (12), trauma (7), cancers (13), (other) age-
ing-related conditions (3) and various other disorders (10).
The ageing-related conditions were defined by a mean pa-
tient age at admission > 80 years and were Alzheimer’s dis-
ease, dementia and age-related physical debility. See
Appendix, Table 4 for a full list of the 66 study disorders
and the corresponding ICD-10 codes used to define them.

Outcome measures
The primary study outcome measure was the weekend
mortality effect, which was defined as percentage in-
creased or decreased mortality at 30 days following
admissions on weekends compared with admissions on
week days, based on odds ratios. Weekends were defined
as 00:00 h on Saturday to 23:59 h on Sunday. Public holi-
days were not counted as weekend or week day admis-
sions and were excluded from the analyses of weekend
mortality effects. The secondary outcome measure was
mortality at 30 days, calculated using the numbers of ad-
missions for each disorder as denominators and the
numbers of deaths (from all causes) as numerators.

Exposure measures
Study exposure measures for each of the 66 study disorders
were, first, the medical disease category (circulatory, re-
spiratory, gastrointestinal, trauma, cancers, ageing-related
and all other disorders) Second, reductions in admission
rates at weekends, compared with week days. Third, the
risk of mortality on the day of admission. Fourth, changes
in the source of admission at weekends (ratio of admissions
via hospital emergency departments compared with pri-
mary care and consultant clinics). Last, mean patient age
and patient social deprivation. [38, 39] All exposure mea-
sures except medical disease category were grouped into
quintiles with equal numbers of study disorders in each
quintile (see Appendix, Table 5 for further details of these
exposure measures and the quintile categories).

Methods of analysis
For each of the 66 study disorders in both populations,
multivariable logistic regression models were fitted indi-
vidually to adjust weekend mortality effects (mortality
odds ratios for weekend vs week day admissions), as the
outcome measures, for patient age (in 15 quinquennial
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age groups from < 35, 35–39 up to 85+ years, with < 35
years as the reference category), sex and eleven major pa-
tient co-morbidities. As a sensitivity analysis, we adjusted
for age as a continuous variable instead of the conven-
tional quinquennial age groups, but this made little or no
difference to the study findings. The co-morbidities were
ischaemic heart disease (ICD-10 codes, 120-I25), other
cardiovascular diseases (I00-I15, I26-I52), cerebrovascular
disease (I60-I69), other circulatory diseases (I70-I99), ma-
lignancies (C00-C97), liver disease (K70-K77), COPD
(J40-J44), asthma (J45, J46), diabetes (E10-E14), renal fail-
ure (N17-N19) and dementia (F00-F03, F05.1, G30). The
co-morbidities were based on a diagnosis recorded any-
where in the current or in previous inpatient records dur-
ing the preceding five years. In the multivariable
modelling, to eliminate possible biases in the determin-
ation of patient co-morbidities from inpatient admissions
alone, adjustment was also made for patients with no pre-
vious admissions during the preceding five years.
Statistical significance was measured at the conventional

5% level. However, with 66 study conditions, as signifi-
cance is affected by multiple testing, to identify and com-
ment on conditions with weekend effect sizes that are
unlikely to be false positive findings, we arbitrarily defined
a ‘large weekend mortality effect’ as a significant weekend
effect size of > 20%. Nonetheless, weekend effect sizes of
any magnitude are presented and assessed throughout the
analysis. As statistical significance is also affected by the
much larger population of England than Wales, we placed
greater importance on the findings from England by asses-
sing significant weekend effects, firstly, in the larger popu-
lation of England and then, secondly, for additional
confirmatory purposes in Wales.
In both populations, multivariable linear regression was

used to assess the degree of variation in weekend mortality
effects across the 66 study conditions that was explained
by the study exposure factors. The weekend mortality ef-
fects for each study disorder (based on logistic regression
odds ratios) were the continuous outcome measures and
the study exposure measures were the explanatory factors.
Apart from the categorical medical disease group, the
other explanatory variables were measured continuously
and were also fitted quadratically in the regression models
to allow for non-linear relationships with weekend effects
(see Appendix, section II for further details of their meas-
urement). Each explanatory factor was first assessed indi-
vidually; and then, secondly, in a multivariable analysis
using a parsimonious stepwise refinement approach so
that only significant terms were retained in the final
models. Patient sex was missing in < 0.01% of cases (986
in England and 22 in Wales) and social deprivation in re-
spectively 1.4% (204521) and 2.3% (21184) of cases. Spell
duration was complete in Wales but missing in < 0.001%
(22) cases in England. There were no missing data for

patient age, principal diagnosis, source of admission, date
of admission or date of death. With little or no influence
on the study findings, missing data were excluded from
the analyses involving the respective factors.
Other methods of analysis include mortality and hos-

pital admission rates, Mann-Whitney tests to compare
lengths of stay for patients admitted on week days and
weekends, and t-tests to compare mean patient ages and
numbers of co-morbidities. When comparing mortality
according to the week day of admission, mortality rates
were standardised using the direct method and the total
population of patients admitted as the standard popula-
tions. Pearson’s correlations were also used to assess cor-
relations between weekend effect sizes and reductions in
admission rates at weekends. Mortality rates were calcu-
lated using the numbers of deaths at 30 days as numera-
tors, the numbers of admissions as denominators and
were expressed as percentages. Admission rates were cal-
culated using the numbers of admissions as numerators,
the resident populations of England and Wales (based on
the mid study year) as the denominators and were
expressed per 100,000 population.

Results
For the 66 study disorders overall, there were a total of 14,
168,443 hospitalised cases in England and 913,068 in
Wales. The mean age of the patients was 66.0 years (SD =
20.4) in England and 66.7 years (SD = 19.7) in Wales. A
majority of the patients (52.1% in England and 52.5% in
Wales) were female.

Comparison of patients admitted on week days and
weekends
For each of the 66 study disorders, Table 1 shows the
numbers of admissions, population admission rates,
median lengths of stay, mean ages and numbers of co-
morbidities for patients admitted on weekends, com-
pared with week days, in England and in Wales. In both
countries, admission rates were lower on weekends for
61 of the 66 study disorders (Table 1). The five excep-
tions in both countries were all trauma conditions; trau-
matic brain injury, other head injury, shoulder & upper
arm injury, thoracic & abdominal injury and drug poi-
soning. The conditions with greatest reductions in ad-
mission rates at weekends (> 40% reduction compared
with week days) in both countries were:

-11 of the 13 study cancers
-four of 13 circulatory diseases (phlebitis &
thrombophlebitis, peripheral vascular disease, arterial
embolism & thrombosis and hypertension)
-pleural effusion of the 8 respiratory diseases
-alcoholic liver disease and other liver disease of the 12
gastrointestinal disorders
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Table 1 Patients admitted on weekends and on week days for major acute disorders across England and Wales, compared
according to population admission rates, patient age, inpatient stay and number of patient co-morbidities

England Wales

Admission
rate (per
100,000
population)

Mean patient
age (years)

Median
inpatient stay
(days)

Mean
number of
patient co-
morbidities

Admission
rate (per
100,000
population)

Mean patient
age (years)

Median
inpatient stay
(days)

Mean
number of
patient co-
morbidities

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Circulatory diseases:

Acute myocardial
infarction

127 116 70.3 70.1 6.0 5.0 1.8 1.8 142 125 70.9 70.3 6.0 5.0 1.8 1.8

Stroke 174 153 75.2 75.7 9.0 10.0 2.0 1.9 190 151 75.5 75.6 10.0 10.0 2.1 2.1

Subarachnoid
haemorrhage

8 7 59.3 59.4 4.0 4.0 1.1 1.1 9 7 61.0 60.9 2.0 2.0 1.2 1.1

Heart failure 130 85 78.5 79.3 8.0 7.0 2.3 2.3 162 93 78.4 79.0 8.0 8.0 2.4 2.5

Angina 151 111 68.2 69.0 1.0 2.0 2.1 2.1 177 121 69.7 70.2 2.0 2.0 2.2 2.2

Valvular heart
disease

12 8 73.9 75.6 8.0 9.0 1.9 1.9 17 10 74.5 76.6 8.0 9.0 1.9 1.8

Pulmonary
embolism

45 28 65.1 66.0 6.0 7.0 1.3 1.3 44 26 64.6 65.3 7.0 8.0 1.3 1.4

Atrial fibrillation 132 89 70.7 70.4 2.0 2.0 1.4 1.4 160 95 71.1 70.5 3.0 3.0 1.4 1.5

Abdominal aortic
aneurysm

9 6 77.1 77.6 5.0 4.0 2.1 2.0 10 7 76.7 71.1 5.0 3.0 2.2 2.0

Peripheral vascular
disease

11 4 71.4 73.0 7.0 6.0 2.2 2.3 17 6 72.1 71.4 9.0 9.0 2.4 2.3

Arterial embolism &
thrombosis

10 5 70.9 72.2 9.0 9.0 2.1 2.2 11 5 70.4 71.7 10.0 9.0 2.1 2.3

Phlebitis &
thrombophlebitis

59 20 61.8 59.7 0.0 2.0 1.3 1.3 42 18 63.5 63.0 2.0 3.0 1.5 1.5

Hypertension 27 15 63.2 65.1 2.0 2.0 1.6 1.6 34 16 65.4 67.3 2.0 3.0 1.6 1.7

Respiratory diseases:

COPD 219 184 71.8 71.9 5.0 4.0 2.2 2.2 296 224 71.7 71.6 6.0 5.0 2.3 2.3

Pulmonary oedema 5 4 74.5 75.3 5.0 5.0 3.2 3.2 6 5 76.1 76.8 6.0 5.0 3.3 3.3

Pneumonia 261 233 72.5 73.1 7.0 6.0 2.5 2.5 281 228 71.8 72.4 7.0 6.0 2.5 2.5

Pneumonitis 21 21 75.7 75.7 11.0 10.0 2.4 2.4 21 19 76.1 75.3 12.0 10.0 2.5 2.4

Lower respiratory
infections

145 122 68.8 70.0 4.0 4.0 2.2 2.2 192 145 69.3 69.7 4.0 4.0 2.3 2.4

Pleural effusion 30 14 70.6 71.1 6.0 7.0 2.4 2.5 32 14 71.0 72.1 7.0 8.0 2.6 2.6

Other interstitial
respiratory disease

10 6 73.4 74.4 7.0 7.0 2.2 2.2 14 7 74.3 75.2 8.0 8.0 2.2 2.2

Respiratory failure 11 9 69.9 70.5 8.0 8.0 2.7 2.7 9 6 69.1 69.0 9.0 10.0 2.7 2.6

Gastrointestinal disorders:

Upper
gastrointestinal
bleeding

66 53 61.6 60.8 3.0 3.0 1.9 1.8 69 50 62.1 61.1 3.0 3.0 1.9 1.9

Perforated peptic
ulcer & peritonitis

12 10 62.2 61.7 8.0 8.0 1.8 1.8 11 9 64.3 64.2 9.0 9.0 2.0 1.8

Diverticular disease 46 33 67.9 68.8 5.0 4.0 1.8 1.9 62 41 68.1 68.8 5.0 4.0 1.9 2.0

Intestinal
obstruction

40 32 67.3 67.4 6.0 6.0 1.9 1.9 40 32 67.7 67.9 6.0 5.0 2.0 1.9

Herniae 39 25 63.1 64.4 2.0 3.0 1.6 1.6 47 28 63.3 65.5 2.0 4.0 1.7 1.8

Alcoholic liver 27 15 51.6 51.4 9.0 9.0 1.7 1.8 37 18 52.3 51.9 9.0 9.0 1.6 1.6
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Table 1 Patients admitted on weekends and on week days for major acute disorders across England and Wales, compared
according to population admission rates, patient age, inpatient stay and number of patient co-morbidities (Continued)

England Wales

Admission
rate (per
100,000
population)

Mean patient
age (years)

Median
inpatient stay
(days)

Mean
number of
patient co-
morbidities

Admission
rate (per
100,000
population)

Mean patient
age (years)

Median
inpatient stay
(days)

Mean
number of
patient co-
morbidities

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

disease

Other liver disease 15 9 60.0 59.5 8.0 8.0 2.0 2.1 16 9 61.6 61.2 8.0 9.0 2.0 2.0

Gallstone disease 103 82 58.1 57.8 4.0 4.0 1.4 1.3 145 111 58.2 57.6 4.0 4.0 1.4 1.3

Acute pancreatitis 35 32 54.9 55.2 5.0 5.0 1.5 1.5 37 31 56.6 56.8 6.0 5.0 1.5 1.5

Intestinal infections 46 40 60.6 60.2 4.0 3.0 1.8 1.8 47 37 62.0 61.0 4.0 4.0 2.0 2.0

Noninfective
gastroenteritis

90 77 59.5 59.4 2.0 2.0 1.8 1.7 111 81 60.7 60.4 6.0 5.0 1.9 1.8

Constipation 60 48 64.4 65.7 2.0 2.0 1.8 1.9 79 57 64.0 65.4 2.0 2.0 1.9 2.0

Trauma:

Hip fracture 129 120 80.9 80.5 15.0 15.0 2.0 2.0 145 130 80.7 79.8 15.0 13.0 2.2 2.1

Traumatic brain
injury

20 24 58.6 51.4 4.0 3.0 1.3 1.0 17 19 59.8 53.1 5.0 4.0 1.5 1.1

Other head injury 135 203 55.3 47.2 1.0 1.0 1.1 0.8 98 161 52.1 43.8 1.0 1.0 1.1 0.7

Shoulder & upper
arm injury

56 58 64.1 59.9 2.0 2.0 1.0 1.0 54 56 63.5 57.9 3.0 3.0 1.4 1.2

Thoracic &
abdominal injury

50 58 54.9 50.1 2.0 2.0 1.1 1.0 49 57 55.3 49.7 3.0 3.0 1.2 1.0

Fracture of lumbar
spine & pelvis

28 26 71.5 67.9 8.0 9.0 1.6 1.5 33 30 72.0 67.2 10.0 10.0 1.8 1.6

Drug poisoning 175 193 38.1 36.8 1.0 1.0 0.7 0.6 180 211 37.9 36.4 1.0 1.0 0.7 0.6

Cancers:

Oesophageal 14 7 71.2 71.2 7.0 7.0 1.5 1.5 18 8 71.3 71.6 8.0 7.0 1.5 1.5

Gastric 10 6 72.8 72.6 8.0 8.0 1.5 1.5 15 7 73.5 72.8 9.0 10.0 1.5 1.5

Colorectal 34 20 71.5 71.7 10.0 11.0 1.6 1.5 46 24 72.6 72.1 12.0 11.0 1.6 1.5

Pancreatic 13 7 71.3 71.0 10.0 10.0 1.6 1.5 17 7 71.7 71.9 10.0 10.0 1.6 1.5

Liver 6 3 70.0 69.6 10.0 10.0 2.0 2.1 7 3 71.6 71.4 11.0 9.0 2.0 2.0

Breast 16 9 62.2 62.2 5.0 5.0 0.9 0.9 14 7 67.9 67.3 8.0 6.0 1.2 1.2

Lung 50 31 70.8 71.2 8.0 8.0 1.6 1.7 68 34 71.1 71.4 9.0 9.0 1.7 1.8

Prostate 16 9 76.2 76.7 7.0 7.0 1.6 1.7 23 12 76.9 77.0 8.0 8.0 1.7 1.7

Ovarian 9 5 66.0 65.9 7.0 7.0 1.1 1.1 10 5 67.2 65.7 9.0 8.0 1.2 1.1

Lymphomas 47 22 64.6 64.4 6.0 7.0 1.4 1.5 48 21 65.9 65.7 6.0 6.0 1.4 1.5

Bladder 10 6 75.9 76.5 9.0 9.0 2.0 2.0 13 7 76.3 76.6 10.0 9.0 2.0 2.3

Kidney 5 3 68.7 69.1 8.0 9.0 1.6 1.6 7 3 70.5 70.0 10.0 10.0 1.6 1.7

Brain 9 6 60.0 59.7 9.0 8.0 1.0 0.9 9 5 60.7 60.1 9.0 9.0 1.1 1.1

Ageing-related disorders:

Alzheimer’s disease 10 6 80.8 81.6 28.0 17.0 2.2 2.3 17 6 81.2 82.0 31.0 22.0 2.2 2.4

Dementia 28 18 82.3 83.3 24.0 17.0 1.7 1.8 46 19 82.0 83.0 32.0 22.0 1.7 1.8

Age-related physical
debility

57 50 83.8 84.1 6.0 5.0 2.4 2.4 54 40 83.7 83.9 10.0 9.0 2.7 2.6

Other acute disorders:

Urinary tract 251 223 67.8 68.8 4.0 4.0 2.1 2.1 261 206 67.3 67.5 4.0 5.0 2.1 2.1
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-Alzheimer’s disease of the 3 ageing-related disorders
-none of the 7 trauma conditions.
-anaemia and pressure lower limb ulcers of the other
10 disorders

For all 66 conditions combined, patients admitted on
weekends, compared with week days, were slightly youn-
ger (65.0 vs 66.3 years in England and 65.2 vs 67.2 in
Wales). They had slightly shorter lengths of inpatient stay
when admitted on weekends (median = 4.0 vs 4.0 days in
England and 4.0 vs 5.0 in Wales) and slightly lower num-
bers of co-morbidities recorded (mean 2.1 vs 2.2 in Eng-
land and 2.1 vs 2.3 in Wales). With the very large study
sizes, all of these slight differences were significant (p <
0.001). Patients with head and upper body injuries were
much younger when admitted at weekends compared
with week days (by mean of 4 to 9 years; p < 0.001),
while patients admitted at weekends for Alzheimer’s
disease and dementia had much shorter inpatient
stays (by median of 7 to 11 days; p < 0.001; Table 1).
For almost all disorders, as expected, patients admitted at

weekends were more often via hospital emergency depart-
ments rather than through primary care or consultant
clinics, but had similar levels of social deprivation
(Additional file 1: Table S1). The highest levels of social
deprivation (> 50% of patients admitted in the most de-
prived quintiles IV and V in England) were seen in people
with alcoholic liver disease, drug poisoning, COPD, re-
spiratory failure, acute pancreatitis, head injuries and dia-
betes. The lowest levels of deprivation (< 38% in quintiles

IV and V) were for atrial fibrillation, lymphomas and colo-
rectal, pancreatic, prostate, ovarian and brain cancers.

Mortality and admission rates according to the day of
the week
Figure 1 shows overall mortality rates for admissions on
each day of the week, with corresponding admission
rates denoted in the footnote to Fig. 1. In both England
and Wales, mortality rates were highest for admissions
on Sundays, followed by Saturdays and Mondays. Ad-
mission rates were lowest on Saturdays and Sundays and
highest on Mondays, but mortality rates were higher on
Mondays than on other week days.

Overall weekend mortality effects
There were significant weekend effects (of any size)
for 46 of the 66 study conditions in England and for
21 in both England and Wales (Table 2). There were also
large consistent weekend effects (> 20%) for 22 of the 66
conditions in England. These were for 8 of the 13 study
cancers, circulatory diseases (5 of 12), respiratory (2 of 8),
gastrointestinal (3 of 12), ageing-related (2 of 3) and other
disorders (2 of 10). For 14 of these 22 conditions, there
were also large significant weekend effects (> 20%) in the
second population, Wales.

Circulatory disease and weekend mortality effects
Of the 13 circulatory disorders, there were large weekend
effects (> 20%) in England for 5 (angina, 22.1%; abdominal
aortic aneurysm, 51.0%; peripheral vascular disease, 49.4%;

Table 1 Patients admitted on weekends and on week days for major acute disorders across England and Wales, compared
according to population admission rates, patient age, inpatient stay and number of patient co-morbidities (Continued)

England Wales

Admission
rate (per
100,000
population)

Mean patient
age (years)

Median
inpatient stay
(days)

Mean
number of
patient co-
morbidities

Admission
rate (per
100,000
population)

Mean patient
age (years)

Median
inpatient stay
(days)

Mean
number of
patient co-
morbidities

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

Week
day

Week
end

infections

Acute renal failure 44 27 74.8 75.7 8.0 9.0 2.6 2.6 44 24 75.0 75.1 8.0 9.0 2.7 2.7

Diabetes 68 45 53.4 51.1 3.0 3.0 1.7 1.6 83 49 55.6 52.6 5.0 4.0 1.9 1.8

Septicaemia 41 36 71.8 72.2 8.0 7.0 2.6 2.6 52 41 71.9 72.2 8.0 7.0 2.7 2.7

Skin infections 196 130 53.5 52.2 2.0 2.0 1.4 1.3 197 121 54.2 53.2 3.0 3.0 1.5 1.4

Anaemias 87 35 66.6 62.0 2.0 3.0 2.2 2.1 95 28 71.6 71.7 4.0 5.0 2.5 2.5

Pressure lower limb
ulcers

24 10 71.3 71.7 11.0 11.0 2.6 2.6 30 9 73.1 73.8 13.0 13.0 2.8 2.8

Disorientation -
unspecified

32 26 76.8 76.6 5.0 4.0 2.3 2.2 32 25 77.7 76.9 7.0 5.0 2.6 2.5

Malaise & fatigue 19 13 65.3 66.5 1.0 1.0 1.9 2.0 22 12 70.9 72.0 3.0 3.0 2.2 2.2

Syncope & collapse 142 137 67.7 68.0 1.0 1.0 1.9 1.9 150 140 68.1 68.3 1.0 1.0 2.1 2.0
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arterial embolism & thrombosis, 34.4%; and phlebitis and
thrombophlebitis, 49.3%; Table 2; Fig. 2a). There were also
large weekend effects in both countries for the first 4 of
these conditions. Additionally, weekend effect sizes for pul-
monary embolism were 19.7% in England and 24.5% in
Wales. For most other circulatory diseases, there were
smaller but significant weekend effects of 10 to 20% in
England.

Respiratory diseases and weekend mortality effects
There were large weekend effects in England for 2 of the
8 respiratory disorders, pleural effusion and other inter-
stitial respiratory disease (Table 2; Fig. 2a) but a large
weekend effect in both countries only for pleural
effusion.

Gastrointestinal disorders and weekend mortality effects
There were large weekend effects in England for 3 of the
12 gastrointestinal disorders (alcoholic liver disease,
other liver disease and herniae) and large weekend ef-
fects in both populations for the first two.

Trauma and weekend mortality effects
There were no large weekend effects for any of the 7
trauma conditions in England, or in Wales, and only small
significant weekend effects for two trauma conditions
(traumatic brain injury and fracture of lumbar spine &
pelvis, 9.4%) in England (Table 2; Fig. 2b).

Cancers and weekend mortality effects
Eight cancers had large weekend effects in England
(oesophageal, gastric, colorectal, pancreatic, liver, lung,
prostate, ovarian and lymphomas) and 4 in both popula-
tions (oesophageal, colorectal, lung and lymphomas).
There were also significant weekend effects of > 15% for
all but 2 of the 13 cancers in England (Table 2; Fig. 2b).

Ageing-related disorders and weekend mortality effects
Of the 3 ageing-related disorders, there were large consist-
ent mortality effects in England and also in Wales for 2
(Alzheimer’s disease and dementia) but an inverse weekend
effect in England for age-related physical debility.

Other disorders and weekend mortality effects
Of the remaining 10 study disorders, two (diabetes and
acute renal failure) had large weekend effects in England,
but only acute renal failure in both countries. Three others
(skin infections, anaemias and pressure lower limb ulcers)
had smaller significant weekend effects in England.

Explanation of study exposure measures on weekend
mortality effects
For the study exposure measures, assessed individually,
variation in weekend effects across the 66 disorders was ex-
plained most strongly in England by reductions in admis-
sion rates at weekends (58.1%; p < 0.001), followed by the
medical disease category (25.3%; p = 0.007) and changes in

Fig. 1 Standardised mortality rates (at 30 days) for all 66 study conditions combined according to the week day of admission in England and
Wales. Notes Mortality rates are standardised for age group and sex. Vertical bars represent 95% confidence intervals. Overall admission rates for
the 66 conditions (per 1000 population) for each day of the week in England and Wales respectively were: Monday 42.9; 48.5, Tuesday 41.0; 45.9,
Wednesday 40.0; 44.8, Thursday 40.3; 45.1, Friday 41.6; 47.0, Saturday 33.1; 34.2, Sunday 32.7; 33.2
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Table 2 Numbers of admissions, mortality rates, weekend mortality effects and reductions in admission rates at weekends for major
acute disorders across England and Wales

England Wales

Number of
admissions

Mortality
rate (30
days)

% increased mortality
for weekend admissions
(based on odds ratios,
95% CI)

% reduced
admission
rate at
weekends

Number of
admissions

Mortality
rate (30
days)

% increased mortality
for weekend admissions
(based on odds ratios,
95% CI)

% reduced
admission
rate at
weekends

Circulatory diseases:

Acute
myocardial
infarction

462 983 12.3% 5.9 (3.7, 8.2) 9 30 045 13.7% 4.0 (-4.0, 12.6) 12

Stroke 627 553 19.8% 11.5 (9.9, 13.2) 12 38 954 20.5% 19.3 (12.5, 26.5) 20

Subarachnoid
haemorrhage

28 699 32.0% 13.5 (6.8, 20.6) 9 1765 35.5% 25.2 (-2.1, 60.1) 16

Heart failure 434 672 17.1% 13.4 (11.2, 15.6) 34 30 908 17.2% 9.2 (1.1, 17.8) 43

Angina 519 591 1.5% 22.1 (15.9, 28.5) 26 35 065 2.0% 23.8 (4.0, 47.3) 32

Valvular heart
disease

41 644 7.8% 13.0 (3.3, 23.7) 37 3288 7.3% 19.0 (-14.0, 64.7) 43

Pulmonary
embolism

149 107 8.3% 19.7 (14.4, 25.2) 37 8394 7.9% 24.5 (2.1, 51.8) 40

Atrial fibrillation 445 430 2.3% 15.9 (10.5, 21.6) 32 30 726 1.9% 3.0 (-16.5, 27.0) 41

Abdominal
aortic aneurysm

29 988 39.5% 51.0 (42.4, 60.1) 27 1984 40.9% 94.5 (54.8, 144) 27

Peripheral
vascular disease

33 025 13.4% 49.4 (36.5, 63.7) 58 3000 10.9% 89.7 (36.1, 164) 67

Arterial
embolism &
thrombosis

30 161 9.8% 34.4 (21.5, 41.8) 51 2042 12.0% 113 (51.2, 199) 52

Phlebitis &
thrombophlebitis

175 390 2.1% 49.3 (36.4, 63.5) 66 7612 2.6% 8.7 (-26.7, 61.1) 58

Hypertension 87 451 5.1% 17.5 (8.7, 26.9) 47 6305 4.9% 1.5 (-26.2, 39.5) 53

Respiratory diseases:

COPD 783 360 7.6% 3.5 (1.5, 5.6) 16 60 472 7.1% 6.7 (-1.0, 15.0) 24

Pulmonary
oedema

18 665 15.7% 1.2 (-8.1, 11.5) 14 1271 19.0% 10.2 (-22.0, 55.6) 15

Pneumonia 950 207 25.3% 3.7 (2.5, 4.9) 11 58 392 24.5% 9.2 (4.3, 14.5) 19

Pneumonitis 79 303 45.7% 0.8 (-2.5, 4.2) 4 4388 48.2% 22.9 (11.7, 35.2) 11

Lower
respiratory
infections

520 206 7.7% 5.7 (3.1, 8.3) 16 39 158 6.9% 0.1 (-9.0, 10.1) 24

Pleural effusion 94 263 12.3% 41.5 (34.3, 49.2) 54 5778 13.1% 44.6 (17.6, 77.9) 57

Other interstitial
respiratory
disease

33 787 24.6% 42.4 (33.8, 51.5) 38 2584 24.3% 21.2 (-4.2, 53.4) 46

Respiratory
failure

37 538 37.2% 7.8 (2.2, 13.7) 17 1746 36.9% 3.6 (-19.8, 33.8) 32

Gastrointestinal disorders:

Upper
gastrointestinal
bleeding

232 762 7.7% 9.9 (6.0, 14.1) 19 13 861 7.5% -3.5 (-17.7, 13.2) 27

Perforated
peptic ulcer &
peritonitis

42 303 22.4% 8.0 (1.7, 14.6) 19 2365 25.4% -0.3 (-22.2, 27.7) 20

Diverticular
disease

158 390 3.9% 11.7 (5.1, 18.8) 28 12 171 3.2% 13.1 (-11.8, 45.0) 33
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Table 2 Numbers of admissions, mortality rates, weekend mortality effects and reductions in admission rates at weekends for major
acute disorders across England and Wales (Continued)

England Wales

Number of
admissions

Mortality
rate (30
days)

% increased mortality
for weekend admissions
(based on odds ratios,
95% CI)

% reduced
admission
rate at
weekends

Number of
admissions

Mortality
rate (30
days)

% increased mortality
for weekend admissions
(based on odds ratios,
95% CI)

% reduced
admission
rate at
weekends

Intestinal
obstruction

139 882 11.0% 7.8 (3.5, 12.3) 19 8264 11.7% 2.5 (-13.3, 21.1) 22

Herniae 128 755 3.3% 27.7 (18.6, 37.6) 36 9213 3.5% 13.2 (-14.4, 49.9) 40

Alcoholic liver
disease

88 589 17.8% 27.4 (21.8, 33.3) 45 6821 16.9% 26.2 (6.1, 50.0) 53

Other liver
disease

48 405 15.8% 26.4 (18.7, 34.6) 42 3066 16.7% 37.1 (6.9, 75.8) 47

Gallstone disease 361 616 1.2% -0.2 (-7.2, 7.3) 20 29 498 1.2% 24.2 (-3.5, 59.7) 24

Acute
pancreatitis

128 885 4.1% 3.3 (-20.1, 33.7) 10 7686 4.9% 3.9 (-19.7, 34.3) 16

Intestinal
infections

166 662 4.4% -5.4 (-10.6, 0.1) 13 9561 4.6% -11.8 (-30.9, 12.5) 21

Noninfective
gastroenteritis

322 727 3.2% 3.9 (-0.8, 8.8) 15 21 811 2.9% 15.0 (-4.8, 38.9) 27

Constipation 211 598 3.1% 0.6 (-5.1, 6.6) 20 15 835 2.9% 6.3 (-15.1, 33.1) 28

Trauma:

Hip fracture 472 153 8.0% 1.9 (-0.6, 4.4) 7 30 786 7.3% 8.6 (-1.7, 20.0) 10

Traumatic brain
injury

79 496 14.4% 6.5 (1.7, 11.4) -23 3818 16.2% 12.8 (-7.6, 37.8) -14

Other head
injury

579 485 1.3% 2.3 (-2.8, 7.7) -51 25 448 1.1% -4.8 (-27.4, 24.8) -64

Shoulder &
upper arm injury

211 342 2.0% 5.5 (-1.6, 13.0) -5 11 967 1.7% -16.9 (-41.0, 17.2) -2

Thoracic &
abdominal injury

196 541 2.1% 1.5 (-5.4, 11.9) -16 11 283 1.8% -3.9 (-30.7, 33.1) -16

Fracture of
lumbar spine &
pelvis

102 544 3.4% 9.4 (1.2, 18.3) 5 7033 3.3% -14.1 (-38.4, 19.6) 10

Drug poisoning 672 803 0.7% -5.5 (-11.9, 1.4) -10 41 374 0.6% -6.5 (-29.8, 24.7) -17

Cancers:

Oesophageal 44 574 29.1% 29.4 (22.7, 36.4) 47 3291 28.9% 34.2 (8.8, 65.6) 57

Gastric 33 861 30.3% 18.5 (14.3, 22.8) 45 2798 31.8% 39.7 (11.7, 74.8) 57

Colorectal 111 162 23.0% 26.2 (18.9, 34.1) 42 8532 23.6% 26.0 (10.4, 43.9) 48

Pancreatic 41 646 37.0% 28.8 (22.0, 35.8) 48 3034 36.3% 20.0 (-3.0, 48.6) 56

Liver 17 915 36.5% 28.8 (15.2, 35.5) 47 1197 38.3% 36.3 (-2.0, 89.4) 55

Breast 51 353 23.8% 19.0 (12.8, 25.5) 44 2634 29.8% 4.3 (-16.8, 30.8) 47

Lung 165 263 39.7% 28.1 (24.9, 31.3) 39 12 691 41.0% 22.9 (11.7, 35.2) 49

Prostate 53 016 24.5% 20.2 (14.3, 26.5) 46 4262 24.6% 3.8 (-13.9, 25.2) 48

Ovarian 29 024 22.4% 29.9 (20.6, 40.0) 50 1838 25.6% 20.0 (-10.5, 60.9) 50

Lymphomas 147 400 16.4% 44.4 (39.1, 49.9) 53 8716 17.3% 30.9 (11.9, 53.0) 57

Bladder 33 738 21.6% 5.0 (-1.7, 12.3) 40 2489 21.4% -5.6 (-27.5, 22.9) 46

Kidney 17 723 25.8% 8.0 (-1.1, 17.9) 43 1348 25.9% 14.5 (-19.8, 61.4) 53

Brain 29 276 17.0% 17.2 (8.9, 26.0) 29 1773 18.2% -22.6 (-44.9, 8.7) 44

Ageing-related disorders:

Alzheimer's 32 124 9.3% 36.2 (24.3, 49.3) 43 3027 7.8% 66.0 (16.5, 136) 63
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the source of admissions at weekends (hospital emergency
departments vs primary care and consultant clinics; 27.2%;
p < 0.001; Table 3). When the factors were assessed simul-
taneously in multivariable analysis, reductions in admis-
sions at weekends and the medical disease category had
independent influence on variation in the weekend mortal-
ity effects (combined explanation = 65.4%, reductions in ad-
missions alone = 56.5%) but changes in the source of
admission was no longer significant. In Wales, reduc-
tions in admission rates and medical disease category
explained respectively 27.8 and 22.6% of the variation
in weekend mortality effects individually and 40.2%
when combined. When weighted and combined across
England and Wales, reductions in admission rates and
medical disease category explained 64.0% of the vari-
ation in weekend mortality effects.
Figure 3 shows strong positive correlations between

the weekend effects and the percentage reductions in
the admission rate at weekends in England (Fig. 3a) and
Wales (Fig. 3b). Pearson’s correlations are 0.70 in Eng-
land and 0.47 in Wales (both p < 0.001). The wider dis-
persion in weekend effect sizes in Wales compared with

England reflects the much greater study power in Eng-
land (14.2 vs 0.9 million admissions).

Discussion
The study was designed to establish and compare weekend
mortality effects for all major acute disorders with appre-
ciable 30 day mortality. There were large, statistically sig-
nificant weekend mortality effects (> 20%) for 22 of the 66
conditions in England and for 14 in both England and
Wales. These 14 were for cancers, some (lower immediate
risk, mostly less common) circulatory disorders, liver dis-
ease and several other conditions that are mostly ageing-re-
lated or cancer-related. Reductions in weekend admissions
and the medical disease category explained 64% of the vari-
ation in weekend effect sizes across the study disorders.

Cancers
There were significant weekend mortality effects of > 15%
in England for all but 2 of the 13 study cancers and large
significant weekend effects (> 20%) in both countries for 4
of the 13. These weekend effects are consistent with previ-
ous evidence on cancers and weekend admissions. [20, 31,

Table 2 Numbers of admissions, mortality rates, weekend mortality effects and reductions in admission rates at weekends for major
acute disorders across England and Wales (Continued)

England Wales

Number of
admissions

Mortality
rate (30
days)

% increased mortality
for weekend admissions
(based on odds ratios,
95% CI)

% reduced
admission
rate at
weekends

Number of
admissions

Mortality
rate (30
days)

% increased mortality
for weekend admissions
(based on odds ratios,
95% CI)

% reduced
admission
rate at
weekends

disease

Dementia 92 558 10.0% 24.6 (18.1, 31.3) 37 8450 6.8% 48.0 (19.8, 82.8) 59

Age-related
physical debility

204 767 5.2% -5.8 (-10.0, -1.3) 12 10 899 4.5% 6.4 (-14.3, 32.1) 26

Other acute disorders:

Urinary tract
infections

907 855 4.5% 0.4 (-1.9, 2.7) 11 53 585 3.8% 3.1 (-7.2, 14.6) 21

Acute renal
failure

147 012 23.3% 31.4 (27.4, 35.5) 39 8238 24.1% 20.3 (5.1, 37.6) 45

Diabetes 229 430 2.5% 25.9 (18.1, 34.2) 34 16 036 2.4% 14.0 (-12.1, 47.9) 41

Septicaemia 147 156 34.9% 2.0 (-0.7, 4.7) 13 10 611 34.6% 6.1 (-4.0, 17.3) 21

Skin infections 657 895 1.3% 10.8 (5.0, 17.0) 34 38 083 1.2% 18.4 (-5.8, 49.0) 39

Anaemias 266 850 3.8% 18.9 (12.2, 16.1) 60 16 034 4.2% 31.0 (3.4, 66.0) 71

Pressure lower
limb ulcers

75 760 7.4% 17.6 (9.1, 26.8) 57 5146 6.9% 44.4 (5.4, 91.7) 70

Disorientation -
unspecified

113 080 4.4% -3.6 (-9.9, 3.2) 17 6321 4.6% 19.2 (-10.2, 58.3) 21

Malaise & fatigue 65 050 5.4% -5.3 (-13.0, 3.2) 30 4113 7.6% 7.1 (-21.0, 45.3) 46

Syncope &
collapse

524 994 2.2% -1.9 (-5.9, 2.2) 4 32 184 1.9% 1.9 (-15.2, 22.4) 7

Bold values for % increased mortality for weekend admissions denote large significant weekend mortality effects (>20%)
Bold values for reduced admissions at weekends denote large reductions (>40%)
Weekend mortality effects are based on odds ratios, obtained through multiple logistic regression modelling
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Fig. 2 a Weekend mortality effects for acute circulatory, respiratory and gastrointestinal disorders across England and Wales. Notes. The thick bold
vertical line at 0 denotes no weekend mortality effect. Horizontal bars represent 95% confidence intervals. The increased mortality for admissions
at weekends (%) are based on odds ratios, obtained through multiple logistic regression modelling. b Weekend mortality effects for trauma,
cancers, ageing-related and other acute disorders across England and Wales. Notes. The thick bold vertical line at 0 denotes no weekend
mortality effect. Horizontal bars represent 95% confidence intervals. The increased mortality for admissions at weekends (%) are based on odds
ratios, obtained through multiple logistic regression modelling
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Fig. 2 a Weekend mortality effects for acute circulatory, respiratory and gastrointestinal disorders across England and Wales. Notes. The thick bold
vertical line at 0 denotes no weekend mortality effect. Horizontal bars represent 95% confidence intervals. The increased mortality for admissions
at weekends (%) are based on odds ratios, obtained through multiple logistic regression modelling. b Weekend mortality effects for trauma,
cancers, ageing-related and other acute disorders across England and Wales. Notes. The thick bold vertical line at 0 denotes no weekend
mortality effect. Horizontal bars represent 95% confidence intervals. The increased mortality for admissions at weekends (%) are based on odds
ratios, obtained through multiple logistic regression modelling
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Table 3 Variation in weekend mortality effects across the 66 study disorders, explained by study exposure measures

Variation in weekend mortality
effects explained

Exposure measure (assessed individually) England Wales

Medical disease category 25.3% (p = 0.007) 22.6% (p = 0.016)

Reductions in admission rates at weekends 58.1% (p < 0.001) 27.8% (p < 0.001)

Deaths on the day of admission 20.3% (p < 0.001) 15.8% (p = 0.004)

Mean patient age 4.9% (p = 0.199) 9.6% (p = 0.040)

Patient social deprivation 4.9% (p = 0.201) 2.3% (p = 0.476)

Changes in the source of admission at weekends (through hospital emergency departments vs primary 27.1% (p < 0.001) 9.3% (p = 0.135)

Notes
See the Methods section and Appendix, section II for further details of the exposure measures

Fig. 3 Weekend mortality effects in relation to percentage reductions in admission rates for each of the 66 study disorders in: a). England, b).Wales
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33, 34, 40–43] Moreover, admission rates for cancers were
greatly reduced in both countries at weekends (consistently
between 29 and 57% for each cancer and > 40% in all but
one case). Reduced availability of hospice care in the com-
munity at weekends, [44] could lead to more terminal cases
hospitalised, while reduced access to specialist oncology
therapy at weekends could lead to more non-terminal cases
admitted during week days for treatment. Explanation for
the contrasting lack of weekend effects for 2 of the less
common cancers, bladder and kidney, may be due to
smaller numbers or the clinical presentation of these types.

Respiratory diseases
Of 8 respiratory disorders, there was a large consistent
weekend effect in England and also in Wales only for
pleural effusion, with greatly reduced admission rates at
weekends (> 40%). Most pleural effusions present with
gradual breathlessness so that people can wait 2–3 days to
see their specialist. Those attending Emergency Depart-
ments at weekends are likely to have more severe and more
rapid symptoms, consistent with more advanced, rapidly
progressive disease or more co-morbidities. Many pleural
effusions are cancer related and most recurrences are grad-
ual and would be referred to cancer services during week
days. There were no other large weekend effects for the re-
spiratory conditions, other than for pneumonitis and other
interstitial respiratory disease in one country.

Circulatory diseases
There were large consistent weekend mortality effects (>
20%) in England for 5 of 13 circulatory disorders (angina,
abdominal aortic aneurysm, peripheral vascular disease, ar-
terial embolism & thrombosis and phlebitis & thrombo-
phlebitis) and in both countries for the first 4 of these.
Abdominal aortic aneurysm has been linked consistently
with very large weekend effects. [20, 24, 31, 33–45] It car-
ries exceptionally high very early mortality that requires
highly specialist intervention and had among the largest of
all weekend effects in this study (51% in England and 95%
in Wales).
Stroke, subarachnoid haemorrhage and acute myocar-

dial infarction also carry high mortality during acute
phases but mortality rates and weekend mortality effects
have fallen over time following extensive auditing and
widespread improvements in care over the last 15 years,
[46, 47] including increased provision of dedicated stroke
units that overcome weekend mortality effects in many
hospitals. [7, 8] A lack of a weekend effect for acute myo-
cardial infarction is also reported consistently, [9–12, 20,
24] with effective acute treatment for this condition now
standardised with 24/7 dedicated percutaneous angio-
plasty services available throughout most of the UK.
The other circulatory disorders with large weekend

mortality effects, including angina, peripheral vascular

disease, arterial embolism & thrombosis and (thrombo)
phlebitis, carry lower mortality during acute phases but
have greatly reduced admissions at weekends (mostly >
50% lower). Unlike acute MI and stroke, these disorders
have not been subject to national audits or service reor-
ganisations that have improved both out of hours service
provision and patients outcomes, as well as appearing to
reduce weekend effects.

Gastrointestinal disorders
There were no large, consistent weekend mortality effects
for gastrointestinal disorders, except for liver disease and
herniae in England, and for liver disease in both countries.
Both alcoholic and other liver disease had higher mortality
(> 20%) but much lower admission rates (> 40%) at week-
ends. As well as case selection for essentially chronic dis-
eases that are often terminal when presenting acutely, there
is a recognised deficit in specialist hepatology provision in
the UK. [48] This is likely to be more apparent for the man-
agement of complex cases which may sometimes receive
lower priorities in acute care at weekends.

Trauma
There was no weekend mortality effect for any major
trauma condition and an increase in admissions at the
weekend for most conditions, especially head injuries,
which largely affect younger patients and are often alco-
hol-related, reflecting the known epidemiology of trauma.
[16, 17] Following a series of large scale studies in the US,
Australia, Canada and the UK, [49–52] trauma services
are now configured to operate on a 24/7 basis to reflect
the weekly incidence of serious injuries. Our findings are
in keeping with the UK Trauma Audit Research Network
study, [17] and other previous studies, [31, 34] which did
not find trauma weekend mortality effects.

Ageing-related disorders
There were large weekend mortality effects and greatly re-
duced admission rates at weekends for cognitive ageing-
related disorders (Alzheimer’s disease and dementia) in
England and also in Wales. At weekends these admissions
were almost entirely through emergency departments, in-
dicating that pre-hospital selection effects, [53] and re-
duced availability of social care provision at weekends
could lead to higher admission thresholds.

Strengths and limitations
To provide confirmatory evidence, the study was designed
and conducted on similar but independently collected in-
formation sources from two health services. It is one of the
largest studies to report on the weekend effect, covering
more than 14 million acute admissions and 1.3 million
deaths in England and almost one million admissions and
90,000 deaths in Wales. It excludes elective admissions
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which are often for diagnostic investigations rather than for
(treatment of) active or present disease, [54] and is based
on a validated record linkage methodology, [36, 37] that
has been used extensively in previous published studies.
The inpatient data sources are confined to public hospitals,
but these account for almost all of the acute admissions in
the two populations. The 66 study disorders also account
for almost half (47%) of all acute admissions in England
and Wales during the study period, so that generalisability
of findings to all acute admissions is strong. Nothing has
been reported previously on weekend mortality for many of
the study orders - including Alzheimer’s disease, pleural ef-
fusion, pneumonitis, anaemias and pressure lower limb ul-
cers - so that many of the findings are novel. Although the
population of Wales is 17 times smaller than the population
of England which affects significance of study findings, we
have been able to confirm large weekend effects for many
of the conditions identified in England.
The study has several limitations. Firstly, the national ad-

ministrative inpatient data used does not include the time
of admission, which has limited our ability to measure the
weekend more precisely than midnight on Friday to mid-
night on Sunday, although this is common to most of the
evidence on weekend effects based on national settings. [1,
2, 18, 20–24, 27, 29, 31, 42] The inpatient data lacks infor-
mation about disease duration, severity and treatment,
while the principal diagnoses are not always accurate. [55]
The coding of patient co-morbidities, although established
through record linkage to previous admissions during the
preceding five study years, would still be incomplete in
some cases. The classification of study disorders was also
constrained in some cases by the lack of granularity in ICD
coding, for example for distinguishing different forms of
non-infective gastroenteritis, injuries, skin infections and
diabetes mellitus, etc. Despite these limitations, the sizes of
the populations studied – and the strongly concordant find-
ings across the two services – suggest external and internal
validity.
Whilst we adjusted for patient co-morbidities, national

administrative inpatient data does not allow adequate ad-
justment for disease severity. A recent study of acute ad-
missions to three Oxford hospitals reported that 33% of
excess mortality for admissions on Saturdays and 52% on
Sundays could be explained through differences in bio-
chemistry and haematology tests. [28] Further research is
required, based on linkage of hospital discharge data with
laboratory results that measure disease severity and/or de-
gree of organ failure, preferably in unselected national or
large regional settings.

Conclusions
This study provides further insight into how acute disor-
ders may be susceptible to weekend mortality effects. It
shows that high mortality on the day of admission and

changes in the source of admission at weekends offer
some explanation for weekend effects across the study dis-
orders. However, the key explanatory variables are reduc-
tions in admission rates at weekends and the medical
disease category, which together explained more than 60%
of all variation in weekend mortality effects.
We found that patients admitted on weekends overall

were slightly younger, had slightly shorter lengths of stay
and slightly lower numbers of recoded co-morbidities,
than those admitted on week days, which does not suggest
that patients admitted at weekend overall are more sick. It
may also reflect that avoidable admissions from Emer-
gency Departments at weekends in some hospitals may re-
sult from a lack of community and home care services,
senior consultant cover and diagnostic services, so that
some milder cases are admitted at weekends. [56, 57]
Nonetheless, for conditions with the largest weekend ef-

fects, reductions in admission rates at weekend were
mostly very large (> 40%). Large reductions in admission
rates at weekends could indicate reductions in out of
hours service provision on weekends. A reduction in ser-
vice provision could lead to both a lower admission rate
and a higher admission threshold, [29, 58] whereby more
severe cases are admitted more often than less severe
cases. We found that admission rates were highest on
Mondays and mortality was also higher on Mondays than
on all other normal week days, which indicates that some
possibly deferred admissions may have become more se-
vere by Monday. For certain types of medical conditions
such as cancers, weekend availability of services in the
community (such as hospice care) or in hospital (specialist
therapy) may also affect admission patterns and lead to
case mix differences between week days and weekends.
Trauma is a notable exception with increases in ad-

missions at weekends. There is a general acceptance that
seriously injured trauma patients need to be seen on the
day of the incident, so trauma services are configured to
work on a 24/7 basis. The increases in weekend admis-
sion rates for trauma and reductions in admission rates
for most medical conditions, with no weekend mortality
effect for trauma but large consistent effects for 14 of
the medical conditions is further evidence of case mix
differences in weekend medical admissions. This is sup-
ported by the lack of weekend admission and mortality
effects for conditions with specialist centres/units that
maintain services at weekends.
To summarise, this is one of the largest population

studies that provides further evidence as to which acute
disorders, across an extensive range of conditions, are
susceptible to weekend mortality effects, and possible
explanations for this. It shows that large weekend effects
are mostly confined to certain types of medical condi-
tion. These are largely associated with greatly reduced
admission rates at weekends.
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Appendix

Table 4 The 66 study disorders with corresponding ICD-10
codes

Circulatory disorders:

Acute myocardial infarction I21

Stroke I61-I64

Subarachnoid haemorrhage I60

Heart failure I50

Angina I20

Valvular heart disease I05-I08, I34-I37, Q22, Q23

Pulmonary embolism I26

Atrial fibrillation I48

Abdominal aortic aneurysm I71

Peripheral vascular disease I73

Arterial embolism &
thrombosis

I74

Phlebitis & thombophlebitis I80

Hypertension I11-I15

Respiratory disorders:

COPD J40-J44

Pulmonary oedema J81

Pneumonia J12-J18

Pneumonitis J69

Lower respiratory infections J20-J22

Pleural effusion J90, J91

Other interstitial respiratory
disease

J84

Respiratory failure J96

Gastrointestinal disorders:

Upper gastrointestinal
bleeding

I85.0, K22.6, K22.8, K25.0, K25.2, K25.4,
K25.6, K26.0, K26.2, K26.4, K26.6, K27.0,
K27.2, K27.4, K27.6, K28.0, K28.2, K28.4,
K28.6, K29.0, K92.0, K92.1, K92.2a

Perforated peptic ulcer &
peritonitis

K25.1, K25.2, K25.5, K25.6, K26.1, K26.2,
K26.5, K26.6, K27.1, K27.2, K27.5, K27.6,
K65

Diverticular disease K57.2-K57.9

Intestinal obstruction K56

Herniae K40-K43, K45, K46

Alcoholic liver disease K70

Other liver disease K71-K77

Gallstone disease K80, K81

Acute pancreatitis K85

Intestinal infections A00-A09

Noninfective gastroenteritis K52

Constipation K59

Trauma:

Hip fracture S72.0, S72.1, S72.2 and in people
aged 65+ years, S72.9

Table 4 The 66 study disorders with corresponding ICD-10
codes (Continued)

Traumatic brain injury S06

Other head injury S01-S05, S07-S09

Shoulder & upper arm injury S40-S49

Thoracic & abdominal injury S20-S31, S35, S36, S38, S39

Fracture of lumbar spine &
pelvis

S32

Drug poisoning T36-T50

Cancers:

Oesophageal C15

Gastric C16

Colorectal C18-C20

Pancreatic C25

Liver C22

Breast C50

Lung C33, C34

Prostate C61

Ovarian C56

Lymphomas C81-C96

Bladder C67

Kidney C64

Brain C71

Ageing-related disorders:

Alzheimer’s disease G30

Dementia F00-F03, F05.1

Age-related physical debility R54

Other disorders:

Acute renal failure N17

Urinary tract infections N10-N12, N15.0, N30, N34, N36,
N39.0

Diabetes E10-E14

Septicaemia A40, A41

Skin infections L00-L09

Anaemias D50-D64

Pressure lower limb ulcers L89, L97

Disorientation - unspecified R41.0

Malaise and fatigue R53

Syncope and collapse R55
aUnless present with a diagnosis of lower gastrointestinal disease (C17.1-C21,
K50-K52, K55-K57 or K60-K63)

Roberts et al. BMC Health Services Research          (2019) 19:619 Page 16 of 18



Additional file

Additional file 1: Table S1. Patients admitted on weekends and on
week days for major acute disorders across England and Wales,
compared according to source of admission and social deprivation
(DOCX 74 kb)

Abbreviations
COPD: Chronic obstructive pulmonary disease; ICD: International
Classification of Diseases; NHS: National Health Service; UK: United Kingdom

Acknowledgements
We are grateful to all data providers, including the Health and Social Care
Information Centre, the NHS Wales Informatics Service, the Office for
National Statistics and the Welsh Demographic Service who were not
involved in the study analysis and interpretation of the study findings. We
thank Damon Berridge for statistical advice with the analyses.

Authors’ contributions
SER and JGW designed the study; SER and AJ reviewed the literature; SER
undertook the analyses; SER, AJ, KEL, JB, RAL and JGW interpreted the study
findings; SER wrote the first draft of the manuscript, SER, AJ, KEL, JB, RAL and
JGW contributed to subsequent drafts and reviewed the manuscript. SER is
guarantor. All authors read and approved the final manuscript.

Funding
This work was supported by the Wellcome Trust [Grant No: 093564/Z/10/Z]
and the Farr Institute of Health Informatics Research [MRC Grant No: MR/
K006525/1]. The views expressed in this paper are those of the authors and
not necessarily those of the funding body. The authors are grateful to the
Health Information Research Unit (HIRU), Medical School, Swansea University,
for preparing and providing access to the project specific linked datasets
from the Secure Anonymised Information Linkage (SAIL) databank. We
acknowledge additional support from The Farr Institute of Health Informatics
Research. The Farr Institute is supported by a 10-funder consortium: Arthritis
Research UK, the British Heart Foundation, Cancer Research UK, the Eco-
nomic and Social Research Council, the Engineering and Physical Sciences
Research Council, the Medical Research Council, the National Institute of
Health Research, Health and Care Research Wales (Welsh Assembly Govern-
ment), the Chief Scientist Office (Scottish Government Health Directorates)
and the Wellcome Trust (MRC Grant No: MR/K006525/1).

Availability of data and materials
The national inpatient and mortality data used in this study is publicly
available to other researchers from NHS Digital (English data) and from the
NHS Wales Informatics Service (Welsh data). Data sharing is subject to
approval by these data custodians for use by named researchers.

Ethics approval and consent to participate
Ethical approval and consent to participate were not required as the study
data is based on fully anonymised data. Approval was obtained instead from
the independent Information Governance Review Panel (IGRP) that includes
members from the NHS National Research Ethics Service, the British Medical
Association, Caldicott Guardians from Public Health Wales NHS Trust and
NHS Wales Informatics Service, and members of the public.

Consent for publication
Not applicable.

Competing interests
Keir Lewis reports personal fees from Chiesi, Pfizer and Astra Zeneca for
speaker fees and advisory during the conduct of the study. All other authors
declare no competing interests.

Author details
1Swansea University Medical School, Swansea University, Singleton Park,
Swansea, UK. 2Health Data Research UK, Swansea University, Swansea, UK.
3Department of Respiratory Medicine, Prince Philip Hospital, Llanelli, UK.
4Department of Gastroenterology, Gloucestershire Royal Hospital, Gloucester,
UK.

Received: 25 September 2018 Accepted: 20 June 2019

References
1. Freemantle N, Richardson M, Wood J, et al. Weekend hospitalization and

additional risk of death: an analysis of inpatient data. J R Soc Med. 2012;105:
74–84.

2. Freemantle N, Ray D, McNulty D, et al. Increased mortality associated with
weekend hospital admission: a case for expanded seven day services? BMJ.
2015;351:h4596.

3. Black N. Is hospital mortality higher at weekends? If so, why? Lancet. 2016;
388(10040):108–11.

4. Campbell JT, Bray BD, Hoffman AM, et al. The effect of out of hours
presentation with acute stroke on processes of care and outcomes: analysis
of data from the stroke improvement National Audit Programme (SINAP).
PLoS One. 2014;9:e87946.

5. Kwok CS, Musgrave SD, Price GM, Dalton G, Myint PK. Anglia stroke clinical
network evaluation Study G. similarity of patient characteristics and
outcomes in consecutive data collection on stroke admissions over one
month compared to longer periods. BMC Res Notes. 2014;7:342.

6. Bray BD, Cloud GC, James MA, et al. Weekly variation in health-care quality
by day and time of admission: a nationwide, registry-based, prospective
cohort study of acute stroke care. Lancet. 2016;388(10040):170–7.

7. McKinney JS, Deng B, Kasner SE, Kostis JB. Comprehensive stroke centres
overcome the weekend verses weekday gap in stroke treatment and
mortality. Stroke. 2011;42:2403–9.

8. Barer D. Do studies of the weekend effect really allow for differences in
illness severity? An analysis of 14 years of stroke admissions. Age Ageing.
2017;46:138–42.

9. Noman A, Ahmed JM, Spyridopoulos I, Bagnall A, Egred M. Mortality
outcome of out-of-hours primary percutaneous coronary intervention in the
current era. Eur Heart J. 2012;33:3046–53.

10. Showkathali R, Davies JR, Sayer JW, Kelly PA, Aggarwal RK, Clesham GJ. The
advantages of a consultant led primary percutaneous coronary intervention
service on patient outcome. QJM. 2013;106:989–94.

11. Rathod KS, Jones DA, Gallagher SM, et al. Out-of-hours primary
percutaneous coronary intervention for ST-elevation myocardial infarction is
not associated with excess mortality: a study of 3347 patients treated in an
integrated cardiac network BMJ Open 2013; 3: pii: e003063.

12. Noad R, Stevenson M, Herity NA. Analysis of weekend effect on 30-day
mortality among patients with acute myocardial infarction. Open Heart.
2017;4:e000504.

Table 5 Details of the exposure measures and quintile categories used in the multivariable regression analysis

Reductions in admission rates at
weekends:

Measured as percentage reductions in admission rates at weekends compared with week days

Medical disease category: Circulatory, respiratory, gastrointestinal, trauma, cancers, ageing-related and other disorders

Mortality on the day of admission: Measured as percentages of deaths on the day of admission compared with all deaths by day 30

Changes in the source of admission
at weekends:

Measured as the risk ratio at weekends (compared with week days) of admissions through hospital emergency
departments rather than via primary care or consultant clinics

Mean patient age: Measured in age (years)

Patient social deprivation: Measured as the percentage of patients admitted with the most deprived social deprivation groups IV and V

Roberts et al. BMC Health Services Research          (2019) 19:619 Page 17 of 18



13. Thomas CJ, Smith RP, Uzoigwe CE, Braybrooke JR. The weekend effect:
short-term mortality following admission with a hip fracture. Bone Joint J.
2014;96-B:373–8.

14. Nandra R, Pullan J, Bishop J, Baloch K, Grover L, Porter K. Comparing
mortality risk of patients with acute hip fractures admitted to a major
trauma Centre on a weekday or weekend. Sci Rep. 2017;7:1233.

15. Sayers A, Whitehouse MR, Berstock JR, Harding KA, Kelly MB, Chesser TJ. The
association between the day of the week of milestones in the care pathway
of patients with hip fracture and 30-day mortality: findings from a
prospective national registry - the National hip Fracture Database of
England and Wales. BMC Med. 2017;15:62.

16. Carr BG, Jenkins P, Branas CC, et al. Does the trauma system protect against
the weekend effect? J Trauma. 2010;69:1042–7.

17. Metcalfe D, Perry DC, Bouamra O, et al. Is there a 'weekend effect' in major
trauma? Emerg Med J. 2016;33:836–42.

18. Gillies MA, Lone NI, Pearse RM, et al. Effect of day of the week on short- and
long-term mortality after emergency general surgery. Br J Surg. 2017;104:936–45.

19. Anderson BM, Mytton JL, Evison F, Ferro CJ, Sharif A. Outcomes after
weekend admission for deceased donor kidney transplantation: a
population cohort Study. Transplantation. 2017;101:2244–52.

20. Cram P, Hillis SL, Barnett M, Rosenthal GE. Effects of weekend admission and
hospital teaching status on in-hospital mortality. Am J Med. 2004;117:151–7.

21. Aylin P, Alexandrescu R, Jen MH, Mayer EK, Bottle A. Day of week of
procedure and 30 day mortality for elective surgery: retrospective analysis
of hospital episode statistics. BMJ. 2013;346:f2424.

22. McCallum IJ, McLean RC, Dixon S, O'Loughlin P. Retrospective analysis of
30-day mortality for emergency general surgery admissions evaluating the
weekend effect. Br J Surg. 2016;103:1557–65.

23. Ozdemir BA, Sinha S, Karthikesalingam A, et al. Mortality of emergency
general surgical patients and associations with hospital structures and
processes. Br J Anaesth. 2016;116:54–62.

24. Roberts SE, Thorne K, Akbari A, Samuel DG, Williams JG. Weekend
emergency admissions and mortality in England and Wales. Lancet. 2015;
385(9980):1829.

25. Vest-Hansen B, Riis AH, Sorensen HT, Christiansen CF. Out-of-hours and
weekend admissions to Danish medical departments: admission rates and
30-day mortality for 20 common medical conditions. BMJ Open. 2015;5:
e006731.

26. Aldridge C, Bion J, Boyal A, et al. Weekend specialist intensity and admission
mortality in acute hospital trusts in England: a cross-sectional study. Lancet.
2016;388(10040):178–86.

27. CHKS. CHKS health insight report: weekend mortality in the NHS -
debunking the myths. London: CHKS; 2016.

28. Walker AS, Mason A, Quan TP, et al. Mortality risks associated with
emergency admissions during weekends and public holidays: an analysis of
electronic health records. Lancet. 2017;390(10089):62–72.

29. Meacock R, Anselmi L, Kristensen SR, Doran T, Sutton M. Higher mortality
rates amongst emergency patients admitted to hospital at weekends reflect
a lower probability of admission. J Health Serv Res Policy. 2017;22:12–9.

30. Ricciardi R, Roberts PL, Read TE, Baxter NN, Marcello PW, Schoetz DJ. Mortality
rate after nonelective hospital admission. Arch Surg. 2011;146:545–51.

31. Aylin P, Yunus A, Bottle A, Majeed A, Bell D. Weekend mortality for
emergency admissions. A large, multicentre study. Qual Saf Health Care.
2010;19:213–7.

32. Pauls LA, Johnson-Paben R, McGready J, Murphy JD, Pronovost PJ, Wu CL.
The weekend effect in hospitalized patients: a meta-analysis. J Hosp Med.
2017;12:760–6.

33. Bell CM, Redelmeier DA. Mortality among patients admitted to hospitals on
weekends as compared with weekdays. N Engl J Med. 2001;345:663–8.

34. Zhou Y, Li W, Herath C, Xia J, Hu B, Song F, Cao S, Lu Z. Off-hour admission
and mortality risk for 28 specific diseases: a systematic review and meta-
analysis of 251 cohorts. J Am Heart Assoc. 2016;5:e003102.

35. Lilford RJ, Yen-Fu C. The ubiquitous weekend effect: moving past proving it
exists to clarifying what causes it. BMJ Qual Saf Health Care. 2015;24:480–2.

36. Ford DV, Jones KH, Verplancke JP, et al. The SAIL databank: building a
national architecture for e-health research and evaluation. BMC Health Serv
Res. 2009;9:157.

37. Lyons RA, Jones KH, John G, et al. The SAIL databank: linking multiple
health and social care datasets. BMC Med Inform Decis Mak. 2009;9:3.

38. Office for National Statistics. Index of Multiple Deprivation. London: Office
for National Statistics. Index of Multiple Deprivation, 2007.

39. Welsh Assembly Government. Welsh Index of Multiple Deprivation 2008.
Cardiff: Welsh Assembly Government, 2008.

40. Lapointe-Shaw L, Abushomar H, Chen XK, et al. Care and outcomes of
patients with Cancer admitted to the hospital on weekends and holidays: a
retrospective cohort Study. J Natl Compr Cancer Netw. 2016;14:867–74.

41. Concha OP, Gallego B, Hillman K, Delaney GP, Coiera E. Do variations in
hospital mortality patterns after weekend admission reflect reduced quality
of care or different patient cohorts? A population-based study. BMJ Qual
Saf. 2014;23:215–22.

42. Roberts SE, Brown TH, Thorne K, et al. Weekend admissions and mortality
for gastrointestinal disorders across England and Wales: population record
linkage studies. Br J Surg. 2017;104:1723–34.

43. Schmid M, Ghani KR, Choueiri TK, et al. An evaluation of the 'weekend effect' in
patients admitted with metastatic prostate cancer. BJU Int. 2015;116:911–9.

44. Care Quality Commission. Care Quality Commission. Most Hospices are
‘Good’ or Better, Says CQC (http://www.cqc.org.uk/news/releases/most-
hospices-are-%E2%80%98good%E2%80%99-or-better-says-cqc. Accessed 24
May 2019).

45. Takagi H, Ando T. Umemoto T for the ALICE (all-literature investigation of
cardiovascular evidence) group. A meta-analysis of weekend admission and
surgery for aortic rupture and dissection. Vasc Med. 2017;22:398–405.

46. National Institute for Cardiovascular Outcomes Research. National Institute
for Cardiovascular Outcomes Research. Myocardial Ischaemia National Audit
Project: heart attack in England, Wales and Northern Ireland. London:
National Institute for Cardiovascular Outcomes Research; 2017.

47. Royal College of Physicians. Sentinel stroke National Audit Programme
(SSNAP): acute organisational audit report, November 2016. London: Royal
College of Physicians; 2016.

48. Williams R, Aspinall R, Bellis M, et al. Addressing liver disease in the UK: a
blueprint for attaining excellence in health care and reducing premature
mortality from lifestyle issues of excess consumption of alcohol, obesity,
and viral hepatitis. Lancet. 2014;384(9958):1953–97.

49. Gabbe BJ, Lyons RA, Fitzgerald M, Judson R, Richardson J, Cameron PA.
Reduced population burden of road transport-related major trauma
following introduction of an inclusive trauma system. Ann Surg. 2014;261:
565–72.

50. Nathens A, Jurkovich G, Cummings P, Rivara FP, Maier RV. The effect of
organized systems of trauma care on motor vehicle crash mortality. JAMA.
2000;283:1990–4.

51. MacKenzie E, Rivara F, Jurkovich G, et al. A national evaluation of the effect
of trauma-center care on mortality. N Engl J Med. 2006;354:366–78.

52. Mullins R, Veum-Stone J, Hedges J, et al. Influence of a statewide trauma
system on location of hospitalization and outcome of injured patients. J
Trauma. 1996;40:536–45.

53. Patel R, Chesney E, Cullen AE, et al. Clinical outcomes and mortality
associated with weekend admission to psychiatric hospital. Br J Psychiatry.
2016;209:29–34.

54. Li LX, Study RPMOV. Biases in detection of apparent "weekend effect" on
outcome with administrative coding data: population based study of stroke.
BMJ. 2016;353:i2648.

55. CAPITA. The quality of clinical coding in the NHS: payment by results data
assurance framework, 2014 (http://www.chks.co.uk/userfiles/files/The_
quality_of_clinical_coding_in_the_NHS.pdf. Accessed 24 July 2019).

56. Pope I, Burn H, Ismail SA, Harris T, McCoy D. A qualitative study exploring
the factors influencing admission to hospital from the emergency
department. BMJ Open. 2017;7:e011543.

57. NHS England. Survey results for individual trust performance for 7 day
hospital services, 2017 (http://www.england.nhs.uk/publication/survey-
results-for-individual-trust-performance-for-7-day-hospital-services/. Accessed
24 May 2019).

58. Wyatt S, Child K, Hood A, Cooke M, Mohammed MA. 3 changes in
admission thresholds in English emergency departments. Emerg Med J.
2017;34:773–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Roberts et al. BMC Health Services Research          (2019) 19:619 Page 18 of 18


