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Abstract

Background

Emergency hospital admission at weekends is associated with an increased risk of
mortality. Previous studies have been limited to examining single years and assessing
day — not time — of admission. We used an enhanced longitudinal dataset to estimate
the ‘weekend effect” over time and the effect of night-time admission on all-cause

mortality rates.

Method

We examined 246,350 emergency spells from a large teaching hospital in England
between April 2004 and March 2014. Outcomes included 7-day, 30-day and in-
hospital mortality rates. We conducted probit regressions to estimate the impact on
the absolute difference in the risk of mortality of two key predictors: i) admission at
weekends (7.00pm Friday to 6.59am Monday); ii) night-time admission (7.00pm to
6.59am). Logistic regressions were used to estimate odds ratios for relative mortality

risk differences.

Results

Crude 30-day mortality rate decreased from 6.6% in 2004/05 to 5.2% in 2013/14.
Adjusted mortality risk was elevated for all out-of-hours periods. The highest risk was
associated with admission at weekend night-times: 30-day mortality increased by 0.6
percentage points (adjusted OR: 1.17, 95%CI: 1.10-1.25), 7-day mortality by 0.5
percentage points (adjusted OR: 1.23, 95%CI: 1.12-1.34), and in-hospital mortality by
0.5 percentage points (adjusted OR: 1.14, 95%CI: 1.08-1.21) compared with
admission on weekday day-times. Weekend night-time admission was associated with
increased mortality risk in 9 out of 10 years, but this was only statistically significant

(p<0.05) in 5 out of 10 years.

Conclusions
There is an increased risk of mortality for patients admitted as emergencies both at
weekends and during the night-time. These effects are additive, so that the greatest

risk of mortality occurs in patients admitted during the night at weekends. This

https:/mc.manuscriptcentral.com/bmjqs



OCoONOOOPR~WN =

BMJ Quality & Safety

increased risk appears to be consistent over time, but the effects are small and are not

statistically significant in individual hospitals in every year.
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Introduction

Admission to hospital at weekends is consistently associated with poorer patient
outcomes, for both emergency and non-emergency conditions [1-5]. Payers and policy
makers have responded to these findings with health care system reform on the
assumption that reduced service provision underlies the higher risk of adverse
outcomes at weekends, and that more consistent hospital care throughout the week
will reduce or remove the disparity [6,7]. In England, evidence on the ‘weekend
effect’ has been used to justify controversial attempts to introduce a ‘seven-day
service’ across the National Health Service (NHS), an approach that is supported by
evidence suggesting that emergency weekend admission is not associated with poorer

outcomes when there is consistent access to early diagnosis and treatments [8-10].

However, much of the evidence on the effect of weekend admission has been limited
in key respects. First, it tends to be cross-sectional and there is therefore limited
information on the trends in variations over time. Second, it is often based on
routinely available data that provides the day but not the hour of admission. As a
result, weekends have effectively been defined as 00.00 am Saturday to 11.59 pm
Sunday (thereby excluding Friday evenings and Monday mornings) and separate
analysis of night-time admissions has not been possible. This is an important
omission; if adverse patient outcomes are related to the different working practices
and staff availability during weekends, then patients admitted during other out-of-
hours periods are likely to be similarly affected. Some studies have utilised specialist
data to address this issue, for example finding that at night there is an increased risk of
mortality following in-hospital cardiac arrest [11] or coronary artery bypass grafting
[12]; an increased risk of in-hospital mortality if admitted to or discharged from ICU
units [13]; and a reduced chance of receiving timely intervention following stroke

[14,15].

For this study, we analysed emergency admissions to Salford Royal Foundation Trust
(SRFT), a large teaching hospital in the Northwest of England providing a complete
range of acute services, including specialist tertiary care. SRFT has maintained
detailed electronic patient records since 2004, including precise time of admission,

and has been a pioneer of extending normal hours of operation and providing

https:/mc.manuscriptcentral.com/bmjqs



OCoONOOOPR~WN =

BMJ Quality & Safety Page 4 of 36

enhanced weekend services. In 2011 it opened an ‘emergency village’, providing a
consultant-led enhanced emergency service seven days a week, and also extended

services such as radiology, pathology and pharmacy across the weekend.

Using the enhanced data available from SRFT, we examined disparities in patient
outcomes associated with out-of-hours admission across the full range of clinical
specialties. We aimed to answer three key questions: i) What is the size of the
weekend effect when weekends are more appropriately defined (i.e. 7.00 pm Friday to
6.59 am Monday)? ii) Does the effect vary over time? iii) Is there a ‘night-time’
effect, with increased risk of all-cause mortality for patients admitted at night-time

compared with daytime?
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Methods

Data sources and variables

We extracted patient records from SRFT for 10 financial years, from April 2004 to
March 2014. This dataset included similar information to nationally available
Hospital Statistics of Episode (HES) data: age, sex, time of admission, method and
source of admission, primary and secondary diagnoses, specialty, procedures, time of
discharge, destination on discharge, consultant codes, and the dates of in- and out-of-
hospital deaths. The original data were at consultant episode level (the period when a
patient was under the treatment of a consultant) and we created hospital spells (the
continuous stay in a single hospital from admission to discharge) by linking episode
records from the time of admission to the time of discharge. We excluded maternity
admissions throughout to facilitate temporal comparisons, as maternity services
ceased to be provided in November 2011. We also excluded patients aged 16 years
and under as SRFT does not provide paediatric services (maternal and paediatric cases
attending A&E area were assessed and stabilised before being transferred to other
treatment centres). For patients with multiple emergency admissions within the last 30
days of life we excluded all but the first admission. The final sample included 246,350

emergency spells, defined as non-elective admissions.

Our primary outcome variable was mortality within 30 days of admission (either in or
out of hospital). Sub-analyses of 7-day and all in-hospital (within stay) mortality were
conducted for robustness checks. Our main exposure variable was weekend
admission. Our dataset included the minute of admission which allowed us to
categorise admissions from 7.00 pm on one day to 6.59 am the next day as ‘night’ and
admissions from 7.00 pm on Friday to 6.59 am on Monday as ‘weekend’, a more
precise definition than previous studies, reflecting senior clinicians’ working patterns
[16]. We expected public holidays to have similar service arrangement as weekends,
and we therefore identified emergency admissions on 56 public holidays in the 10-
year period and grouped these with weekend admissions. To do this we firstly
identified those holidays immediately before or after a weekend and linked the
weekend and the holiday as a holiday period. Second, we included in all the public
holidays the evening of the day before (from 7.00 pm to 11.59 pm) and the morning

of the day after (from 0.00 am to 6.59 am). Patients admitted outside weekends or
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holidays were categorised as ‘weekday’ and analysed as a comparison group. Our
secondary exposure was all admissions during out-of-hours periods including
weekends and the nights of weekdays. We categorised patients by weekday daytime
admission (7.00 am - 6.59 pm, Monday to Friday), weekday night-time admission
(7.00 pm - 6.59 am, Monday to Thursday), weekend daytime admission (7.00 am -
6.59 pm Saturday and Sunday), and weekend night-time admission (7.00 pm — 6.59
am, Friday to Sunday). Patients admitted during normal working hours (weekday —

day group) were treated as the reference category.

We adjusted for patient case-mix by including variables available in the
administrative hospital data. Collectively these variables provide a good fit for
modelling the risk of mortality [17], although they do not include direct measures of
severity of illness. We adjusted for patient demographics using age categories on
admission, gender, and ethnicity. Socioeconomic characteristics were measured using
area deprivation for place of residence in quintiles, based on the 2010 Index of
Multiple Deprivation (IMD) at Lower Layer Super Output Area (LSOA) level [18].
For each patient we calculated a Charlson Index score to account for the presence and
the severity of comorbidities [19]. We updated the weights of included conditions
according to their association with the risk of mortality estimated using recent data
from the UK [20]. We made further adjustments for patient complexity using
indicators for primary diagnosis summary groups [21], the total number of different
diagnoses, the total number of different procedures during the admission, the use of
palliative care during the spell, and the total number of emergency admissions in the
year prior to the index admission date. We also controlled for the method and source
of admission, using the most common method or source as the reference category. We
identified those patients discharged to other health care providers (both public and
private) and adjusted this for 30-day and 7-day mortalities (this variable does not
predict in-hospital death). We accounted for seasonal impact by including dummy
variables for the month of admission. In the pooled analysis, we included year

dummies to capture unobserved factors that varied by financial year.
Statistical analysis
We fitted probit models to estimate the extent to which the probability of death was

associated with our exposure variables, after controlling for observed patient
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characteristics. In the pooled analysis on the impact of out-of-hours admission, we
assumed a latent propensity of death as a linear function of our exposure and

controlling variables as outlined in equation (1)
y; = a+ ﬁlOUt - Of - hoursi + IBZXi + Yyear + 6month + & (1),

where y; was the estimated propensity of death for spell i; out — of — hours; was a
categorical variable indicating the type of out-of-hours period for admission i; X; was
a vector of variables measuring patient demographics and complexity; ¥y eqr Was a
vector of dummies controlling for unobserved year-specific fixed effect; §,,oncnWas a
vector of admission months adjusting for seasonal impact; the error term &; was
assumed to follow a standard normal distribution and was independent from the
explanatory variables. The observed outcome for admission i, ¥; depended on the

value of y;, so that

_(1lif y/ >0
Yi_{Oifyl-*SO 2).

For the analysis of individual financial year, we removed the year dummies, ¥yeqr ,
from equation (1), allowing the coefficients of explanatory variables to vary with
time. We applied variance-covariance matrices clustered around consultant (first
episode within each spell) to account for any correlation within management by the
same consultant. In this non-linear model, the estimated coefficient of out-of-hours
admission should not be interpreted as its effect size, because this also depends on the
values of other predictors in the model. We therefore reported the average marginal
effects (AME) which took into account the values of other predictors across the
sample and computed the average changes in the risk of mortality associated with out-
of-hours admission in absolute terms. We also estimated the same risk of mortality
models using logistic regressions and reported odds ratios to show the relative
differences in the mortality risk for comparability with previous studies. All analyses

were conducted using STATA Version 14.2.
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Results

There were a total of 246,350 emergency admissions for the study period from April
2004 to March 2014. 5.9% of admissions resulted in death within 30 days, 2.6% in
death within 7 days, and 4.6% in death within the hospital stay. Crude 30-day
mortality rates decreased over time, from 6.6% in 2004/5 to 5.2% in 2013/14 (table

Al and figure Al, appendix).

About one third of spells (81,621) were admitted during weekends and holidays. The
demographic composition of weekend and weekday patients groups was similar
(table 1). For both groups, average age was around 58.2 years, just under 50% of
patients were male and 90% were white. The proportion of patients who lived in the
most deprived fifth of areas was slightly higher for the weekend admission group
(18.3% for weekend compared with 17.9% for weekday). Both groups were similar in
terms of complexity: on average, each hospital stay had 6 different diagnoses, 1.5
procedures performed, one emergency admission in the year prior to the index

admission date, and a Charlson index score of 5.

Patients admitted at night were on average younger, and more likely to be male and
from the most deprived fifth of areas compared with patients admitted during the day.
Patients admitted at night also had on average more diagnosis codes and previous
emergency admissions per spell than patients admitted during the day, although the

absolute differences were marginal.

Crude mortality for out-of-hours admissions

There were substantial differences in mortality rates between patients admitted at
weekends compared with weekdays. The crude 30-day mortality rate for weekend
admissions was 12.3% higher in relative terms than for weekday admissions (rates of
6.4% and 5.7% respectively,); the 7-day mortality rate was 20.8% higher (rates of
2.9% and 2.4% respectively); and the in-hospital mortality rate was 11.1% higher
(rates of 5.0% and 4.5% respectively) (table 1).

Compared to normal working hours (daytime, weekdays) crude mortality rates were

higher for patients admitted during all out-of-hours periods. Rates were highest for
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weekend daytimes. Compared with baseline crude 30-day mortality rates of 5.7%,
mortality rates for patients admitted at weekend daytime were 17.5% higher (at 6.7%)
and rates for weekend nighttime were 7.0% higher (at 6.1%). We observed similar

patterns for 7-day and in-hospital mortality.

Table 1 about here.

Adjusted mortality for out-of-hours admissions

Table 2 summarises the average marginal effects for the key predictors of mortality.
Higher mortality was associated with increasing age, comorbidity, number of
diagnoses, and socioeconomic deprivation. Mortality was also higher for patients who
were male, white (compared to black and Asian), received palliative care, or were
admitted via a GP. Mortality was strongly associated with year of admission, with the

risk declining over time.

After adjusting for other factors, admission on weekends and public holidays had an
independent and statistically significant association with 30-day mortality, with an
estimated average marginal effect of 0.4 percentage points across the study period
(adjusted OR: 1.10, 95%CI: 1.06-1.15, table A2, appendix). The risk of both 7-day
and in-hospital mortality increased by 0.3 percentage points for admission on
weekends and holidays (7-day adjusted OR: 1.12, 95%CI: 1.07-1.18; in-hospital
adjusted OR: 1.08, 95%CI: 1.02-1.15), compared with weekday admission.
Sensitivity analyses suggested that the effects of case-mix variables were robust

across the three outcome measures.

Table 2 about here.

In the pooled analysis, all out-of-hours admission periods were associated with higher
risk of mortality after adjusting for confounders, compared with admission during
normal working hours (table 3). Weekend night-time admission had the greatest
impact on mortality: patients in this group had a 0.6 percentage points higher risk of
death within 30 days (adjusted OR: 1.17, 95%CI: 1.10-1.25, table A3, appendix).
Weekend daytime and weekday night-time admission was also associated with

increased risk of mortality within 30 days (weekend-day AME: 0.4 percentage points,
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adjusted OR: 1.11, 95%CI: 1.04-1.18; weekday-night AME: 0.3 percentage points,
adjusted OR: 1.09, 95%CI: 1.01-1.17). Results for 7-day and in-hospital mortality
were similar: patients admitted at weekend night-times had the highest risk of death,

followed by weekend daytime and weekday night-time admissions.

Table 3 about here

Variation in impact over time

The impact of weekend admission by financial year is reported in table 4. After case-
mix adjustment, weekend admission was positively associated with 30-day mortality
in nine out ten years, however this association was only statistically significant
(p<0.05) in three out of the ten years. The estimated average marginal effect was 0.6
percentage points for 2005/06 (adjusted OR: 1.17, 95%CI: 1.02-1.34, table A4,
appendix), 0.6 percentage points for 2008/09 (adjusted OR: 1.14, 95%CI: 1.02-1.27),
and 0.9 percentage points for 2012/13 (adjusted OR: 1.29, 95%CI: 1.15-1.45). 7-day
mortality rates were elevated for weekend and holiday admissions in 2005/06,
2011/12 and 2012/13 (p<0.05), whereas in-hospital mortality was not significantly

associated with weekend admission in any year.

Results for out-of-hours admission by financial year are given in table 4. Admission
during all three out-of-hours periods was associated with increased adjusted risk of
mortality compared to weekday daytime admission in most years, although the pattern
and size of impact varied and was not always statistically significant. Consistent with
the pooled analysis, weekend night-time admission was associated with the greatest
increased risk of mortality: there was a significantly increased risk of 30-day mortality
in 2004/05, 2006/07, 2008/09, 2011/12 and 2012/13. There was a significantly
increased risk of mortality for weekend daytime admissions in 2012/13 and for

weekday night-time admissions in 2004/05, 2006/07 and 2008/09.

Table 4 about here.
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Discussion

In this study we analysed a quarter of a million emergency admissions to a large
teaching hospital over a ten-year period. As with previous studies, we found that
crude mortality rates were higher for patients admitted at weekends and holidays,
compared with patients admitted on weekdays. We also found that risk-adjusted
mortality rates were higher not only for patients admitted at weekends but also for
patients admitted at night-time. Compared with weekday daytime admissions,
adjusted risk of 30-day mortality was 0.3 percentage points higher for weekday night-
time admissions (adjusted OR: 1.09), 0.4 percentage points higher for weekend
daytime admissions (adjusted OR: 1.11) and 0.6 percentage points higher for weekend
night-time admissions (adjusted OR: 1.17).

Strengths and weaknesses

This study addressed limitations in the existing literature in two main respects. First,
by using exact time of admission we could define weekends (and holidays) more
precisely by including Friday evenings and Monday mornings, and could examine
night-time admissions separately from daytime admissions for all clinical groups. The
effect of night-time admission has been analysed mainly in disease-specific studies
[11-15], with only few studies based on hospital-level data [22]. Second, we were able
to analyse the impact of our exposure variables longitudinally over a 10-year period,
and could quantify impacts in each financial year. We were therefore able to relax the

assumption that risk factors have constant effects over time.

The study was subject to several limitations. First, it was based on patient records
from a single hospital in the Northwest of England, albeit one that has been a pioneer
in data collection and quality improvement. Heterogeneities between hospitals in
terms of size, performance, financial status, and patient demographics could affect the
generalizability of our results. However, the focus on a single provider also confers
advantages, including relatively consistent coding practices and population
characteristics. The availability of longitudinal data for this provider enabled us to
examine the effect of out-of-hours over time, but the restricted sample size limited the
power of our study to detect differences in outcomes between groups, particularly for

analyses of individual years. Second, we adjusted the risk of mortality for admission
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method and source but could not adjust for discharge destination due to the high
correlation with the dependent variable (mortality). We therefore only accounted for
the patients discharged to health providers (both public and private) and compared
them with patients discharged to other destinations. Third, as with previous studies
based on analysis of routinely collected hospital data, we had no direct measure of
illness severity and our risk adjustment models were likely to be confounded by
unmeasured severity. With the available information, we constructed several variables
to adjust for patient complexity, including the Charlson index score, the numbers of
diagnoses and procedures in a spell. These variables might be under-recorded and less

accurately coded during out-of-hours periods, which could create a potential bias.

Main findings

Mortality rates for emergency admissions throughout the week declined over time,
reflecting the wider fall in national mortality rates — attributable to net improvements
in living conditions, lifestyles and healthcare — over the study period [23]. In the
context of these falling mortality rates over time, we found a persistently increased
risk of mortality for patients admitted to hospital outside of normal hours — a pattern
that has previously been found for stroke admissions [24]. It might be expected that as
overall mortality rates fall, rates for different time periods during the week would
converge. We found no such temporal trend, but the smaller sample sizes for
individual years means that our study may have been under-powered to detect one.
The reasons for both the improvements in survival for overall emergency admissions
and the apparent persistence of elevated mortality rates for out-of-hours admissions
warrant further investigation. As with the weekend effect itself, improving survival
for admitted patients over time may reflect both changes in the admitted population
and differences in quality of care, but the explanation must be consistent with the
persistence of an increased risk of mortality for patients admitted out-of-hours. In the
context of SRFT, the introduction of enhanced emergency services at weekends in
2011 had no apparent effect on excess mortality rates for out-of-hours admissions,
although we did not formally test for such an effect. This has implications for current
initiatives to introduce seven day services across the NHS and the potential impact of

these service changes on out-of-hours mortality [25].
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Our finding of increased risk of mortality at night-times across the full range of
emergency admissions suggests that more patients are affected by service variations
across the week than has been estimated in previous studies based on
weekend/weekday comparisons [1-5]. This finding is consistent with the results of
studies on outcomes for cardiovascular disease [11-15], which suggest that patient
outcomes are worse for acute events and invasive procedures occurring at night, not
just at weekends. However, as with previous studies we cannot exclude the possibility
that reduced capacity out-of-hours leads to the selection of a sicker patient population,
and that this explains increased risk of mortality for both weekend and night-time
admissions. Evidence from previous studies suggests there is a higher threshold for
admission at weekends [26] and that increased risk of mortality for out-of-hours
admissions is reduced after adjusting for proxy [27] measures of severity. If similar
patterns apply at night-time, this would suggest that our findings reflect a reduced
capacity for the hospital to admit less severely ill patients at nights and weekends,

rather than a reduced level of care at these times.

Conclusion

In addition to patients admitted to hospital as an emergency at the weekend, patients
admitted at night also experience higher mortality rates. These ‘weekend’ and ‘night-
time’ effects are additive, with the highest risk of death for patients admitted at night
on weekends. Recent UK policy has been moving towards the creation of a seven-day
service [28], in part to address the perceived increase risk of adverse outcomes in
patients admitted to hospital at weekends. This has generated conflict between a
government attempting to increase weekend staffing levels whilst containing costs,
and a medical profession resistant to these changes [29]. For government policy to be
consistent, it would also need to address adverse outcomes across all out-of-hours
periods, including night-times on weekdays. Extending normal hours of operation
could be beneficial if it leads to improved access and better patient outcomes, but
clear evidence on cost-effectiveness will be needed to justify such major system

changes.
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1
2
3
4
5 Table 1 Patient characteristics by admission time, 2004/05-2013/14.
6
7
8 Weekday Weekend' Weekday-day Weekday-night Weekend-dayl Weekend—night1
9 7am Mon - 7pm Fri - 7am - 6.59pm 7pm - 6.59am 7am - 6.59pm 7pm - 6.59am
10 Admission time of the week 6.59pm Fri 6.59am Mon Mon - Fri Mon - Thu Sat & Sun Fri - Sun
11
12 Admissions, n (%) 164,729 (66.87%) 81,621 (33.13%) 101,725 (41.29%) 63,004 (25.57%) 33,409 (13.56%) 48,212 (19.57%)
13 Age, mean (SD) 58.26 (21.17) 58.18 (21.82) 58.84 (20.93) 57.33 (21.53) 59.91 (21.69) 56.97 (21.84)
14 Gender, male (%) 79,736 (48.40%) 40,215 (49.27%) 48,742 (47.92%) 30,994 (49.19%) 16,264 (48.68%) 23,951 (49.68%)
15 Ethnicity, white (%) 148,215 (89.98%) 73,069 (89.52%) 91,784 (90.23%) 56,431 (89.57%) 29,964 (89.69%) 43,105 (89.41%)
16 Deprivation,
17 most deprived quintile (%) 29,403 (17.85%) 14,973 (18.34%) 17,694 (17.39%) 11,709 (18.58%) 5,884 (17.61%) 9,089 (18.85%)
18 Diagnosis per spell, mean (SD) 5.96 (4.20) 6.10 (4.19) 5.85(4.20) 6.13 (4.19) 6.07 (4.22) 6.12 (4.17)
19 Procedures per spell, mean (SD) 1.47 (2.50) 1.45 (2.54) 1.46 (2.46) 1.47 (2.56) 1.47 (2.51) 1.43 (2.55)
20 Previous emergency admission®,
21 mean (SD) 0.95 (2.03) 1.01 (2.16) 0.89 (1.94) 1.04 (2.17) 0.97 (2.06) 1.03 (2.22)
29 Previous emergency admission®,
o3 mean (SD) 2.46 (2.64) 2.60 (2.80) 2.36 (2.54) 2.60 (2.77) 2.53 (2.67) 2.64 (2.89)
o4 Charlson index, mean (SD) 5.03 (8.14) 5.10 (8.22) 5.01 (8.10) 5.08 (8.21) 5.31(8.34) 4.96 (8.14)
gg Death in 30 days, n (%) 9,366 (5.69%) 5,180 (6.35%) 5,765 (5.67%) 3,601 (5.72%) 2,241 (6.71%) 2,939 (6.10%)
27 Death in 7 days, n (%) 3,965 (2.41%) 2,368 (2.90%) 2,319 (2.28%) 1,646 (2.61%) 1,016 (3.04%) 1,352 (2.80%)
o8 Death in hospital, n (%) 7,373 (4.48%) 4,054 (4.97%) 4,525 (4.45%) 2,848 (4.52%) 1,764 (5.28%) 2,290 (4.75%)
29 1. Including publ.ic holidays. o
2.1In 365 days prior to the admission date.
g? 3.For those having at least one emergency admission in the last 365 days.
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46 https:/mc.manuscriptcentral.com/bmjqs
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Table 2 Adjusted risk of mortality 2004/05-2013/14, probit regressions with average marginal effects.

30-day mortality

7-day mortality

In-hospital mortality

Variables AME’  Std.Er’  AME  StdErr.  AME Std.Err.
Admission time

Weekday Ref. Ref. Ref.

Weekend" 0.004***  (0.001)  0.003***  (0.001) 0.003*** (0.001)
Case-mix variables

Age band 17-25 Ref. Ref. Ref.

Age band 26-35 -0.001 (0.002)  -0.001 (0.001) -0.003 (0.002)
Age band 36-45 0.005** (0.002)  0.001 (0.001) 0.001 (0.002)
Age band 46-55 0.012*%**  (0.002)  0.005***  (0.001) 0.005** (0.002)
Age band 56-65 0.025***  (0.003)  0.012***  (0.002) 0.015%** (0.003)
Age band 66-75 0.033***  (0.003)  0.015***  (0.002) 0.022*** (0.003)
Age band 76-85 0.051***  (0.003)  0.023***  (0.002) 0.038*** (0.003)
Age band 85+ 0.079***  (0.004)  0.033***  (0.003) 0.067*** (0.005)
Gender-male Ref. Ref. Ref.

Gender-female -0.003*** (0.001)  -0.001 (0.001) -0.001 (0.001)
Gender-not stated -0.005 (0.014)  -0.001 (0.011)  0.001 (0.016)
Ethnicity-White Ref. Ref. Ref.

Ethnicity-mixed -0.013 (0.009)  -0.001 (0.006) -0.010 (0.008)
Ethnicity-Asian -0.015*** (0.004)  -0.007*** (0.002) -0.013***  (0.003)
Ethnicity-Black -0.016*** (0.005)  -0.011*** (0.003) -0.015***  (0.005)
Ethnicity-other 0.016*%**  (0.005)  0.013***  (0.004) 0.018*** (0.005)
Ethnicity-not stated 0.032%**  (0.007)  0.022***  (0.005) 0.030*** (0.006)
IMD quintile-1 (most affluent) Ref. Ref. Ref.

IMD quintile-2 0.001 (0.002)  -0.000 (0.001) -0.000 (0.001)
IMD quintile-3 0.002* (0.001)  0.002 (0.001) 0.001 (0.001)
IMD quintile-4 0.002 (0.001)  -0.000 (0.001) -0.000 (0.001)
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IMD quintile-5 (most deprived)
IMD quintile-missing

Charlson index

No. of diagnosis

No. of procedures

Palliative care

No. of emergency admissions in the previous 1 year (365 days)

Admission method-emergency A+E

Admission method-emergency transfer from other provider
Admission method-emergency domicile

Admission method-emergency GP refer

Admission method-emergency outpatient

Admission method-emergency ante natal

Admission method-emergency post natal

Admission method-non-emergency transfer from other provider

Transfer to other hospitals

Financial year 2004/05
Financial year 2005/06
Financial year 2006/07
Financial year 2007/08
Financial year 2008/09
Financial year 2009/10
Financial year 2010/11
Financial year 2011/12
Financial year 2012/13
Financial year 2013/14

Diagnosis group dummies
Admission source dummies
Admission month dummies

0.004***
0.012%**

0.002%**

0.002%**
-0.001*
0.150%**
-0.002%#*

Ref.
-0.015%**
-0.009
0.006**
-0.018%%*
0.025
0.000
0.015%**

-0.020%**

Ref.
-0.012%**
-0.011%**
-0.010**
-0.023%**
-0.029***
-0.035%**
-0.039%***
-0.037***
-0.042%**

Yes
Yes
Yes

(0.001)
(0.002)

(0.000)

(0.000)
(0.000)
(0.013)
(0.000)

(0.003)
(0.017)
(0.002)
(0.003)
(0.026)
(0.000)
(0.004)

(0.005)

(0.004)
(0.003)
(0.004)
(0.004)
(0.005)
(0.004)
(0.004)
(0.004)
(0.004)

0.002*
0.005%**

0.001***

-0.000
-0.002%**
0.038***
-0.000**

Ref.
-0.013%**
0.000
-0.007%**
-0.018%**
0.010
0.000
-0.015%**

-0.037%**

Ref.
-0.002
-0.003*
0.001
-0.005
-0.006*
-0.009**
-0.010%**
-0.009***
-0.011%**

Yes
Yes
Yes

BMJ Quality & Safety

(0.001)
(0.001)

(0.000)

(0.000)
(0.000)
(0.005)
(0.000)

(0.002)
(0.000)
(0.002)
(0.002)
(0.025)
(0.000)
(0.003)

(0.004)

(0.002)
(0.002)
(0.003)
(0.003)
(0.003)
(0.004)
(0.004)
(0.003)
(0.004)

0.003**
0.010%**

0.001***

0.003***
0.001***
0.107%**
-0.001***

Ref.
-0.014%**
-0.026%**
0.002
0.017%%*
0.000
0.000
-0.016%**

Ref.

-0.015%**
-0.020%**
-0.023%***
-0.042%*x*
-0.048%**
-0.059%**
-0.064%**
-0.062%**
-0.067***

Yes
Yes
Yes
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(0.001)
(0.002)

(0.000)

(0.000)
(0.000)
(0.009)
(0.000)

(0.003)
(0.009)
(0.003)
(0.003)
(0.000)
(0.000)
(0.004)

(0.004)
(0.003)
(0.006)
(0.005)
(0.005)
(0.005)
(0.005)
(0.005)
(0.005)
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C statistic 0.88 0.87 0.90
Pseudo R2 0.28 0.23 0.31
Observations 241,338 237,091 242,693

1. Including public holidays.
2. Average marginal effect. *** p<0.01, ** p<0.05, * p<0.1.
3. Robust standard errors corrected for clustering around consultant in parentheses.
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1
2

3

4

5 Table 3 Adjusted risk of mortality 2004/05-2013/14, probit regressions with average marginal effects.

6

7

8 30-day mortality 7-day mortality In-hospital mortality
9 Variables AME’  Std.Err’  AME  Std.Err.  AME Std.Err.
10

11 Admission time

12 Weekday day Ref. Ref. Ref.

13 Weekday night 0.003***  (0.001)  0.003***  (0.001) 0.003*** (0.001)

14 Weekend day' 0.004***  (0.001)  0.003***  (0.001) 0.003** (0.002)

15 Weekend night' 0.006***  (0.001)  0.005***  (0.001) 0.005%*** (0.001)

16

17 Case-mix variables

18 Age band 17-25 Ref. Ref. Ref.

19 Age band 26-35 -0.001 (0.002)  -0.001 (0.001) -0.003 (0.002)

20 Age band 36-45 0.005%** (0.002)  0.001 (0.001) 0.001 (0.002)

21 Age band 46-55 0.012*** ~ (0.002)  0.005***  (0.001) 0.005%** (0.002)

22 Age band 56-65 0.025%** ~ (0.003)  0.012***  (0.002) 0.015%*** (0.003)

23 Age band 66-75 0.033***  (0.003)  0.016***  (0.002) 0.022%** (0.003)

24 Age band 76-85 0.051***  (0.003)  0.023***  (0.002) 0.038*** (0.003)

gg Age band 85+ 0.080***  (0.004)  0.033***  (0.003) 0.067*** (0.005)

27 Gender-male Ref. Ref. Ref.

28 Gender-female -0.003***  (0.001)  -0.001 (0.001) -0.001 (0.001)

gg Gender-not stated -0.005 (0.014)  -0.001 (0.011) 0.001 (0.016)

g ; Ethnicity-White Ref. Ref. Ref.

Ethnicity-mixed -0.013 (0.009)  -0.001 (0.006) -0.010 (0.008)
gz Ethnicity-Asian -0.015%**  (0.004)  -0.007*** (0.002) -0.013***  (0.003)
35 Ethnicity-Black -0.016%**  (0.005)  -0.011*** (0.003) -0.015***  (0.005)
36 Ethnicity-other 0.016***  (0.005)  0.013***  (0.004) 0.018*** (0.005)
37 Ethnicity-not stated 0.032*** ~ (0.007)  0.022***  (0.005) 0.030*** (0.006)
gg IMD quintile-1 (most affluent) Ref. Ref. Ref.

40 IMD quintile-2 0.001 (0.002)  -0.000 (0.001)  -0.000 (0.001)
41

42

43

44

45
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IMD quintile-3

IMD quintile-4

IMD quintile-5 (most deprived)
IMD quintile-missing

Charlson index

No. of diagnosis

No. of procedures

Palliative care

No. of emergency admissions in the previous 1 year (365 days)

Admission method-emergency A+E

Admission method-emergency transfer from other provider
Admission method-emergency domicile

Admission method-emergency GP refer

Admission method-emergency outpatient

Admission method-emergency ante natal

Admission method-emergency post natal

Admission method-non-emergency transfer from other provider

Transfer to other hospitals

Financial year 2004/05
Financial year 2005/06
Financial year 2006/07
Financial year 2007/08
Financial year 2008/09
Financial year 2009/10
Financial year 2010/11
Financial year 2011/12
Financial year 2012/13
Financial year 2013/14

Diagnosis group dummies

0.002*
0.002
0.004***
0.012%**

0.002%**

0.002%**
-0.001*
0.150%**
-0.002%**

Ref.
-0.015%**
-0.008
0.007%**
0.017%**
0.027
0.000
-0.014%%*

-0.020%**

Ref.
-0.012%**
-0.011%**
-0.010**
-0.023***
-0.029***
-0.036%***
-0.039%***
-0.038***
-0.042%**

Yes

BMJ Quality & Safety

(0.001)
(0.001)
(0.001)
(0.002)

(0.000)

(0.000)
(0.000)
(0.013)
(0.000)

(0.003)
(0.017)
(0.002)
(0.003)
(0.026)
(0.000)
(0.004)

(0.005)

(0.004)
(0.003)
(0.004)
(0.004)
(0.005)
(0.004)
(0.004)
(0.004)
(0.004)

0.002
-0.000
0.002*
0.005%**

0.001***

-0.000
-0.002%**
0.038***
-0.000%**

Ref.
-0.013%**
0.000
-0.006%**
0.017%**
0.011
0.000
-0.014%%*

-0.037%**

Ref.
-0.002
-0.003*
0.001
-0.005
-0.006*
-0.009**
-0.010%**
-0.009***
-0.012%**

Yes

(0.001)
(0.001)
(0.001)
(0.001)

(0.000)

(0.000)
(0.000)
(0.005)
(0.000)

(0.002)
(0.000)
(0.002)
(0.002)
(0.025)
(0.000)
(0.003)

(0.004)

(0.002)
(0.002)
(0.003)
(0.003)
(0.003)
(0.004)
(0.004)
(0.003)
(0.004)

0.001
-0.000
0.003**
0.010%***

0.001***

0.003***
0.001***
0.107%**
-0.001***

Ref.
0.013%**
-0.025%**
0.003
-0.016%**
0.000
0.000
-0.015%#*

Ref.

-0.015%**
-0.020%**
-0.023%**
-0.042%**
-0.049%**
-0.059%**
-0.064***
-0.063***
-0.067***

Yes
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(0.001)
(0.001)
(0.001)
(0.002)

(0.000)

(0.000)
(0.000)
(0.009)
(0.000)

(0.003)
(0.009)
(0.003)
(0.003)
(0.000)
(0.000)
(0.004)

(0.004)
(0.003)
(0.006)
(0.005)
(0.005)
(0.005)
(0.005)
(0.005)
(0.005)
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Admission source dummies Yes Yes Yes
Admission month dummies Yes Yes Yes

C statistic 0.88 0.87 0.90
Pseudo R2 0.28 0.23 0.31
10 Observations 241,338 237,091 242,693

OCoONOOOPA~WN =

12 1. Including public holidays.
13 2. Average marginal effect. ¥*¥* p<0.01, ** p<0.05, * p<0.1.
14 3. Robust standard errors corrected for clustering around consultant in parentheses.

46 https:/mc.manuscriptcentral.com/bmjqs



OCoONOOOPA~WN =

BMJ Quality & Safety

Table 4 Adjusted risk of mortality by financial year, probit regressions with average marginal effects.

Page 24 of 36

Weekday Weekend' Weekday-day Weekday-night Weekend-day1 Weekend-nightl

7am Mon - 7pm Fri — 7am - 6.59pm 7pm - 6.59am 7am - 6.59pm 7pm - 6.59am
Year N 6.59pm Fri 6.59am Mon Mon - Fri Mon - Thu Sat & Sun Fri - Sun

______________________________________________________________________________________ 30-day mortality .
2004/05 20,664 0.004 (0.004) 0.010*** (0.003) 0.004 (0.004) 0.011** (0.005)
2005/06 20,254 0.006** (0.003) 0.002 (0.004) 0.008* (0.004) 0.005 (0.004)
2006/07 20,991 0.003 (0.003) 0.010*** (0.004) -0.000 (0.004) 0.012%** (0.004)
2007/08 21,577 0.004 (0.002) 0.002 (0.003) 0.003 (0.004) 0.006* (0.003)
2008/09 21,202 Ref 0.006** (0.002) Ref 0.007** (0.003) 0.005 (0.004) 0.012%** (0.003)
2009/10 22,115 ' -0.002 (0.003) ' 0.001 (0.003) 0.001 (0.006) -0.003 (0.003)
2010/11 23,642 0.006 (0.004) -0.000 (0.004) 0.007 (0.005) 0.005 (0.006)
2011/12 24,518 0.004* (0.002) 0.000 (0.003) 0.002 (0.004) 0.005** (0.002)
2012/13 24,546 0.009*** (0.003) 0.001 (0.003) 0.010%* (0.004) 0.009*** (0.003)
2013/14 27,162 0.002 (0.002) 0.002 (0.002) 0.002 (0.003) 0.004 (0.003)
e TQay mortality .

2004/05 18,526 0.005* (0.003) 0.009** (0.003) 0.007* (0.003) 0.009** (0.004)
2005/06 17,646 0.005** (0.002) 0.002 (0.003) 0.009** (0.004) 0.003 (0.003)
2006/07 18,826 0.001 (0.003) 0.009*** (0.003) 0.000 (0.004) 0.008** (0.003)
2007/08 19,308 0.001 (0.002) 0.002 (0.003) 0.001 (0.004) 0.003 (0.003)
2008/09 19,797 Ref 0.003 (0.002) Ref 0.002 (0.002) -0.000 (0.004) 0.008*** (0.003)
2009/10 20,353 -0.000 (0.002) 0.006** (0.003) 0.003 (0.003) 0.002 (0.003)
2010/11 21,906 0.002 (0.003) 0.004* (0.002) 0.002 (0.002) 0.004 (0.005)
2011/12 20,610 0.007*** (0.002) -0.002 (0.003) 0.005 (0.003) 0.007** (0.003)
2012/13 22,127 0.005*** (0.002) -0.001 (0.002) 0.005* (0.003) 0.005* (0.003)
2013/14 24,716 0.001 (0.002) 0.004** (0.002) 0.002 (0.003) 0.003 (0.002)
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OCoONOOOPA~WN =

In-hospital mortality

2004/05 20,454 0.003 (0.003) 0.009** (0.004) 0.003 (0.004) 0.008* (0.005)
2005/06 20,231 0.004 (0.003) 0.004 (0.005) 0.004 (0.004) 0.007 (0.004)
2006/07 20,605 0.002 (0.002) 0.008** (0.004) 0.000 (0.004) 0.010** (0.004)
2007/08 21,763 0.003 (0.002) -0.002 (0.003) 0.001 (0.004) 0.004 (0.003)
200809 21130 0.002 (0.003) Ref 0.003 (0.003) 0.002 (0.004) 0.004 (0.003)
2009/10 21,847 0.004 (0.003) 0.003 (0.003) 0.005 (0.006) 0.005* (0.003)
2010/11 23,072 0.002 (0.002) 0.004 (0.003) 0.004 (0.003) 0.005 (0.004)
2011/12 23,921 0.003* (0.002) -0.002 (0.003) 0.002 (0.004) 0.003 (0.002)
2012/13 23,808 0.004 (0.002) -0.001 (0.002) 0.004 (0.003) 0.002 (0.003)
2013/14 27,403 0.001 (0.002) 0.005** (0.002) 0.004 (0.003) 0.003 (0.003)

1. Including public holidays.

2. Average marginal effect (*** p<0.01, ** p<0.05, * p<0.1) with robust standard errors corrected for clustering around consultant in parentheses. Probit regressions adjusted for age, gender,
ethnicity, deprivation, Charlson index, number of diagnoses, number of procedures, palliative care, number of emergency admissions in last year, admission method, admission source, transfer-out
dummy, admission month and primary diagnosis groups.
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Table Al Crude mortality rates, 2004/5 to 2013/14.

Year

Admissions Overall Weekday Weekend' Weekday-day Weekday-night Weekend-day' Weekend-night'

2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14
Total

2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14
Total

30-day mortality

22,001 6.61 6.45 6.96 6.32 6.72 7.28 6.69
22,356 5.98 5.76 6.46 5.89 5.54 7.01 6.05
22,946 6.40 6.19 6.85 5.95 6.62 6.73 6.93
23,328 6.35 6.01 7.02 6.02 6.01 7.13 6.95
23,194 6.36 6.04 7.05 5.90 6.25 7.27 6.89
24,381 5.61 5.55 5.73 5.66 5.38 6.04 5.52
25,821 591 5.72 6.27 5.59 5.90 6.96 5.80
26,291 5.38 5.14 5.86 5.13 5.14 6.17 5.65
26,276 5.64 5.34 6.20 5.29 542 6.74 5.84
29,756 5.17 4.97 5.56 5.08 4.81 5.99 5.28
246,350 5.90 5.69 6.35 5.67 5.72 6.71 6.10

22,001 2.75 2.54 3.17 2.33 2.98 3.24 3.11
22,356 2.74 2.56 3.14 2.56 2.56 3.55 2.83
22,946 2.73 2.65 291 2.34 3.19 2.83 2.96
23,328 2.88 2.72 3.20 2.61 2.89 3.29 3.13
23,194 2.75 2.54 3.19 2.45 2.68 3.04 3.30
24,381 2.44 2.33 2.66 2.14 2.63 2.86 2.53
25,821 2.57 2.50 2.72 2.32 2.75 2.84 2.64
26,291 2.37 2.11 2.87 2.10 2.13 3.20 2.66
26,276 2.46 2.24 2.88 2.14 2.39 3.10 2.74
29,756 2.19 2.04 2.49 1.91 222 2.58 243
246,350 2.57 241 2.90 2.28 2.61 3.04 2.80
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2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14
Total

22,001
22,356
22,946
23,328
23,194
24,381
25,821
26,291
26,276
29,756

246,350

593
5.35
5.30
5.22
5.07
452
434
3.69
3.92
3.68
4.64

5.81
5.19
5.17
4.98
4.85
4.29
422
3.51
3.79
3.50
4.48

6.19
5.69
5.58
5.71
5.51
4.99
4.57
4.05
4.16
4.03
4.97

5.83
5.17
491
5.00
4.73
4.28
4.05
3.53
3.78
3.47
4.45

BMJ Quality & Safety

5.77
523
5.61
493
5.05
431
445
3.48
3.81
3.55
4.52

6.57
5.95
5.49
6.05
5.86
5.20
4.90
441
4.45
4.45
5.28

5.87
5.49
5.64
5.48
5.26
4.86
4.36
3.82
3.97
3.75
4.75

1. Including public holidays.
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Figure Al Crude 30-day mortality rates, 2004/05 to 2013/14.
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1
2

3

4

5 Table A2 Adjusted risk of mortality 2004/05-2013/14, logistic regressions with odds ratios.

6

4 30-day mortality 7-day mortality In-hospital mortality

g Variables Odds ratio’ 95% CI’ Odds ratio 95% CI Odds ratio 95% CI
1? Admission time

12 Weekday Ref. Ref. Ref.

13 Weekend' 1.104 [1.057, 1.154] 1.122 [1.069, 1.179] 1.083 [1.021, 1.149]
:Il g Case-mix variables

16 Age band 17-25 Ref. Ref. Ref.

17 Age band 26-35 0.962 [0.685, 1.349] 0.890 [0.639, 1.241] 0.842 [0.628, 1.128]
18 Age band 36-45 1.484 [1.086, 2.028] 1.247 [0.931, 1.671] 1.216 [0.913, 1.619]
19 Age band 46-55 2.161 [1.522, 3.069] 1.719 [1.218, 2.425] 1.585 [1.144, 2.196]
20 Age band 56-65 3.362 [2.240, 5.048] 2.608 [1.666, 4.082] 2.357 [1.582, 3.511]
21 Age band 66-75 4.139 [2.773, 6.177] 3.081 [1.998, 4.752] 3.025 [2.062, 4.436]
22 Age band 76-85 6.074 [4.076, 9.050] 4.100 [2.663, 6.312] 4.518 [3.073, 6.641]
23 Age band 85+ 9.454 [6.312, 14.159] 5.429 [3.416, 8.629] 7.753 [5.137, 11.699]
24

25 Gender-male Ref. Ref. Ref.

26 Gender-female 0.934 [0.880, 0.992] 0.980 [0.920, 1.044] 0.990 [0.942, 1.040]
27 Gender-not stated 0.858 [0.401, 1.832] 0.962 [0.377, 2.458] 1.037 [0.501, 2.147]
28

29 Ethnicity-White Ref. Ref. Ref.

30 Ethnicity-mixed 0.677 [0.341, 1.344] 0.956 [0.513, 1.784] 0.708 [0.364, 1.376]
31 Ethnicity-Asian 0.614 [0.462, 0.816] 0.655 [0.464, 0.926] 0.634 [0.481, 0.836]
32 Ethnicity-Black 0.555 [0.376, 0.818] 0.469 [0.260, 0.848] 0.532 [0.339, 0.835]
33 Ethnicity-other 1.448 [1.148, 1.825] 1.646 [1.262, 2.146] 1.534 [1.234, 1.906]
34 Ethnicity-not stated 1.930 [1.512, 2.463] 2.122 [1.636, 2.751] 2.035 [1.613, 2.567]
35

36 IMD quintile-1 (most affluent) Ref. Ref. Ref.

37 IMD quintile-2 1.010 [0.930, 1.096] 0.984 [0.909, 1.066] 0.972 [0.900, 1.051]
38 IMD quintile-3 1.045 [0.980, 1.115] 1.059 [0.970, 1.156] 1.007 [0.947, 1.071]
39 IMD quintile-4 1.033 [0.963, 1.108] 0.971 [0.886, 1.063] 0.972 [0.906, 1.043]
j? IMD quintile-5 (most deprived) 1.090 [1.025, 1.159] 1.066 [0.980, 1.159] 1.064 [0.998, 1.135]
42

43

44

45
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IMD quintile-missing 1.300 [1.194, 1.417] 1.219 [1.094, 1.359] 1.291 [1.189, 1.401]
Charlson index 1.040 [1.036, 1.045] 1.037 [1.032, 1.042] 1.034 [1.030, 1.039]
No. of diagnosis 1.037 [1.021, 1.053] 0.987 [0.967, 1.008] 1.094 [1.076, 1.114]
No. of procedures 0.977 [0.960, 0.994] 0911 [0.876, 0.948] 1.035 [1.016, 1.054]
Palliative care 6.744 [5.558, 8.182] 2.831 [2.268, 3.534] 5.608 [4.610, 6.823]
No. of emergency admissions in the previous 1 year (365 days) 0.953 [0.936, 0.969] 0.976 [0.958, 0.995] 0.967 [0.948, 0.987]
Admission method-emergency A+E Ref. Ref. Ref.

Admission method-emergency transfer from other provider 0.642 [0.544, 0.756] 0.479 [0.378, 0.606] 0.655 [0.543, 0.791]
Admission method-emergency domicile 0.824 [0.339, 2.005] 1.000 [1.000, 1.000] 0.454 [0.177, 1.165]
Admission method-emergency GP refer 1.124 [1.010, 1.252] 0.702 [0.581, 0.848] 1.038 [0.912, 1.182]
Admission method-emergency outpatient 0.591 [0.494, 0.708] 0.321 [0.225, 0.457] 0.575 [0.452, 0.732]
Admission method-emergency ante natal 1.764 [0.583, 5.331] 1.579 [0.243, 10.251] 1.000 [1.000, 1.000]
Admission method-emergency post natal 1.000 [1.000, 1.000] 1.000 [1.000, 1.000] 1.000 [1.000, 1.000]
Admission method-non-emergency transfer from other provider 0.661 [0.518, 0.843] 0.441 [0.323, 0.603] 0.623 [0.487, 0.796]
Transfer to other hospitals 0.584 [0.471, 0.726] 0.177 [0.137, 0.229]

Financial year 2004/05 Ref. Ref. Ref.

Financial year 2005/06 0.788 [0.665, 0.933] 0.914 [0.779, 1.072] 0.754 [0.656, 0.866]
Financial year 2006/07 0.805 [0.707, 0.916] 0.913 [0.804, 1.037] 0.681 [0.603, 0.767]
Financial year 2007/08 0.812 [0.690, 0.956] 1.072 [0.847, 1.357] 0.626 [0.507, 0.771]
Financial year 2008/09 0.615 [0.521, 0.726] 0.855 [0.679, 1.078] 0.398 [0.321, 0.493]
Financial year 2009/10 0.533 [0.440, 0.646] 0.829 [0.643, 1.070] 0.335 [0.266, 0.423]
Financial year 2010/11 0.453 [0.369, 0.555] 0.744 [0.533, 1.038] 0.233 [0.184, 0.295]
Financial year 2011/12 0.403 [0.326, 0.498] 0.698 [0.510, 0.955] 0.192 [0.154, 0.240]
Financial year 2012/13 0.420 [0.346, 0.511] 0.720 [0.548, 0.945] 0.202 [0.162, 0.252]
Financial year 2013/14 0.367 [0.293, 0.460] 0.655 [0.478, 0.897] 0.169 [0.130, 0.220]
Diagnosis group dummies Yes Yes Yes

Admission source dummies Yes Yes Yes

Admission month dummies Yes Yes Yes
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OCoONOOOPA~WN =

C statistic 0.88 0.88
Pseudo R2 0.28 0.23
Observations 241,338 237,091

0.90
0.31
242,693

1. Including public holidays.
2. Estimated by logistic regression.
3. 95% confidence interval corrected for clustering around consultant.
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Table A3 Adjusted risk of mortality 2004/05-2013/14, logistic regressions with odds ratios.

30-day mortality

7-day mortality

In-hospital mortality

Variables Odds ratio” 95% CI’ Odds ratio 95% CI Odds ratio 95% CI
Admission time

Weekday day Ref. Ref. Ref.

Weekday night 1.087 [1.012, 1.167] 1.160 [1.061, 1.268] 1.088 [1.029, 1.150]
Weekend day' 1.110 [1.041, 1.183] 1.155 [1.069, 1.249] 1.095 [1.010, 1.187]
Weekend night' 1.168 [1.095, 1.245] 1.225 [1.121, 1.338] 1.140 [1.077, 1.208]
Case-mix variables

Age band 17-25 Ref. Ref. Ref.

Age band 26-35 0.963 [0.687, 1.350] 0.891 [0.640, 1.242] 0.843 [0.629, 1.129]
Age band 36-45 1.485 [1.087, 2.029] 1.247 [0.931, 1.672] 1.216 [0.913, 1.619]
Age band 46-55 2.163 [1.523, 3.073] 1.720 [1.219, 2.428] 1.585 [1.144, 2.197]
Age band 56-65 3.373 [2.247, 5.061] 2.620 [1.675, 4.098] 2.363 [1.586, 3.521]
Age band 66-75 4.155 [2.786, 6.195] 3.100 [2.012, 4.777] 3.035 [2.069, 4.451]
Age band 76-85 6.095 [4.094, 9.073] 4.122 [2.680, 6.338] 4.532 [3.084, 6.660]
Age band 85+ 9.502 [6.354, 14.208] 5473 [3.453, 8.673] 7.789 [5.165, 11.747]
Gender-male Ref. Ref. Ref.

Gender-female 0.934 [0.880, 0.991] 0.979 [0.919, 1.043] 0.990 [0.942, 1.040]
Gender-not stated 0.858 [0.401, 1.834] 0.962 [0.372, 2.487] 1.036 [0.500, 2.148]
Ethnicity-White Ref. Ref. Ref.

Ethnicity-mixed 0.677 [0.339, 1.350] 0.955 [0.509, 1.790] 0.708 [0.363, 1.379]
Ethnicity-Asian 0.613 [0.462, 0.814] 0.654 [0.463, 0.925] 0.633 [0.480, 0.835]
Ethnicity-Black 0.555 [0.376, 0.819] 0.470 [0.260, 0.850] 0.532 [0.338, 0.838]
Ethnicity-other 1.443 [1.147, 1.815] 1.636 [1.259, 2.126] 1.528 [1.230, 1.900]
Ethnicity-not stated 1.932 [1.513, 2.468] 2.125 [1.637, 2.758] 2.037 [1.614, 2.572]
IMD quintile-1 (most affluent) Ref. Ref. Ref.

IMD quintile-2 1.009 [0.930, 1.095] 0.984 [0.910, 1.066] 0.972 [0.900, 1.051]
IMD quintile-3 1.045 [0.980, 1.115] 1.059 [0.970, 1.156] 1.007 [0.947, 1.070]
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1
2
3
4
g IMD quintile-4 1.032 [0.962, 1.107] 0.970 [0.886, 1.062] 0.972 [0.906, 1.043]
IMD quintile-5 (most deprived) 1.089 1.024, 1.1
7 inti (m¢ [ , 1.159] 1.065 [0.979, 1.158] 1.063 [0.997, 1.134]
8 IMD quintile-missing 1.298 [1.191, 1.414] 1.216 [1.091, 1.356] 1.289 [1.187, 1.399]
9 .
10 Charlson index 1.040 [1.036, 1.045] 1.037 [1.032, 1.042] 1.034 [1.030, 1.039]
11 . .
12 No. of diagnosis 1.037 [1.021, 1.053] 0.987 [0.967, 1.008] 1.094 [1.076, 1.114]
13 No. of procedures 0.976 [0.960, 0.993] 0911 [0.876, 0.948] 1.034 [1.016, 1.053]
14 Palliative care o 6.745 [5.562, 8.180] 2.829 [2.267, 3.531] 5.608 [4.610, 6.822]
15 No. of emergency admissions in the previous 1 year (365 days) 0.953 [0.936, 0.969] 0.976 [0.958, 0.995] 0.967 [0.948, 0.987]
16 .
17 Admission method-emergency A+E Ref. Ref. Ref.
18 Admission method-emergency transfer from other provider 0.653 [0.554, 0.770] 0.493 [0.389, 0.624] 0.6‘66 [0.551, 0.805]
19 Adm%ss%on method-emergency domicile 0.832 [0.341, 2.033] 1.000 [1.000, 1.000] 0.459 [0.179, 1.177]
20 Adm¥ss%on method-emergency GP refer 1.145 [1.022, 1.282] 0.725 [0.597, 0.881] 1.057 [0.927, 1.206]
21 Adm%SS%OH method-emergency outpatient 0.605 [0.506, 0.724] 0.335 [0.236, 0.476] 0.589 [0.464, 0.749]
20 Adm%ss%on method-emergency ante natal 1.814 [0.611, 5.388] 1.636 [0.260, 10.278] 1.000 [1.000, 1.000]
23 Adm%ss%on method-emergency post natal 1.000 [1.000, 1.000] 1.000 [1.000, 1.000] 1.000 [1.000, 1.000]
24 Admission method-non-emergency transfer from other provider 0.673 [0.526, 0.860] 0.455 [0.333, 0.621] 0.633 [0.495, 0.810]
25
26 Transfer to other hospitals 0.583 [0.470, 0.725] 0.176 [0.137, 0.228]
27
o8 Financial year 2004/05 Ref. Ref. Ref.
29 Financial year 2005/06 0.786 [0.663, 0.931] 0910 [0.776, 1.069] 0.752 [0.654, 0.864]
30 F%nanc%al year 2006/07 0.802 [0.704, 0.914] 0.908 [0.801, 1.031] 0.678 [0.601, 0.765]
31 F¥nan0}a1 year 2007/08 0.809 [0.687, 0.952] 1.066 [0.842, 1.350] 0.623 [0.505, 0.769]
32 F%nanqal year 2008/09 0.613 [0.519, 0.724] 0.852 [0.675, 1.074] 0.396 [0.320, 0.491]
33 F¥nanc%a1 year 2009/10 0.531 [0.439, 0.643] 0.825 [0.639, 1.064] 0.334 [0.265, 0.421]
34 F¥nanc%a1 year 2010/11 0.450 [0.368, 0.552] 0.738 [0.530, 1.026] 0.232 [0.183, 0.293]
35 F%nanqal year 2011/12 0.402 [0.326, 0.495] 0.693 [0.508, 0.946] 0.192 [0.154, 0.239]
36 F¥nanc1a1 year 2012/13 0.418 [0.345, 0.507] 0.715 [0.545, 0.938] 0.201 0.162, 0.251
37 F ial : |
A inancial year 2013/14 0.366 [0.293, 0.458] 0.651 [0.476, 0.891] 0.169 [0.130, 0.219]
ig Diagnosis group dummies Yes Yes Yes
Admission source dummies Yes Yes Ye
41 ¢
42
43
44
45
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Admission month dummies

C statistic
Pseudo R2
Observations

BMJ Quality & Safety

Yes Yes
0.88 0.88
0.28 0.24

241,338 237,091

Yes

0.90
0.31
242,693

1. Including public holidays.
2. Estimated by logistic regression.
3. 95% confidence interval corrected for clustering around consultant.
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Table A4 Adjusted risk of mortality by financial year, logistic regressions with odds ratios.

Weekday Weekend' Weekday-day Weekday-night Weekend-day' Weekend-night'
7am Mon - 7pm Fri - 7am - 6.59pm 7pm - 6.59am 7am - 6.59pm 7pm — 6.59am
Year N 6.59pm Fri 6.59am Mon Mon - Fri Mon - Thu Sat & Sun Fri - Sun

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 30-day mortality
2004/05 20,664 1.068 [0.917, 1.244]* 1.250 [1.080, 1.446] 1.078[0.891, 1.303] 1.223 [0.984, 1.521]
2005/06 20,254 1.166 [1.015, 1.340] 1.064 [0.859, 1.318] 1.237[1.021, 1.499] 1.157[0.943, 1.420]
2006/07 20,991 1.064 [0.941, 1.204] 1.224[1.048, 1.430] 0.997[0.812, 1.225] 1.285[1.092, 1.511]
2007/08 21,577 1.099[0.996, 1.212] 1.049[0.913,1.207] 1.079[0.923,1.260] 1.152[1.002, 1.324]
2008/09 21,202 Ref 1.137[1.022, 1.265] Ref 1.170[1.012, 1.351] 1.093[0.923, 1.295] 1.314[1.134, 1.522]
2009/10 22,115 0.970[0.829, 1.134] 1.030[0.870, 1.220] 1.026 [0.743, 1.417] 0.951 [0.817, 1.107]
2010/11 23,642 1.145[0.947, 1.384] 0.990[0.817,1.200] 1.188[0.945,1.492] 1.105[0.821, 1.487]
2011/12 24,518 1.078[0.970, 1.199] 1.011[0.872,1.172] 1.037[0.836, 1.287] 1.121[0.984, 1.277]
2012/13 24,546 1.287[1.146, 1.446] 1.026 [0.888, 1.185] 1.330[1.114, 1.587] 1.282[1.088, 1.510]
2013/14 27,162 1.040[0.934, 1.158] 1.052[0.947,1.168] 1.033[0.870, 1.227] 1.084 [0.936, 1.255]

______________________________________________________________ 7-day mortality
2004/05 18,526 1.195[0.986, 1.448] 1.350[1.071, 1.702] 1.304 [1.009, 1.685] 1.361 [1.026, 1.806]
2005/06 17,646 1.181[1.008, 1.385] 1.079[0.867, 1.344] 1.314[1.017, 1.698] 1.137[0.920, 1.406]
2006/07 18,826 1.038 [0.856, 1.259] 1.357[1.115,1.651] 1.020[0.750, 1.386] 1.310[1.077, 1.593]
2007/08 19,308 1.041[0.899, 1.205] 1.085[0.882, 1.335] 1.055[0.818, 1.362] 1.092 [0.904, 1.318]
2008/09 19,797 Ref 1.137[0.968, 1.336] Ref 1.083[0.890, 1.317] 1.003 [0.760, 1.323] 1.321 [1.067, 1.634]
2009/10 20,353 1.003 [0.845, 1.191] 1.304 [1.057,1.609] 1.149[0.870, 1.518] 1.109 [0.875, 1.404]
2010/11 21,906 1.069 [0.850, 1.344] 1.182[0.973,1.438] 1.083[0.870, 1.349] 1.209 [0.805, 1.816]
2011/12 20,610 1.289[1.093, 1.520] 0.94410.740, 1.205]  1.234 [0.964, 1.581] 1.275[0.959, 1.695]
2012/13 22,127 1.271[1.100, 1.468] 1.004 [0.838, 1.203] 1.289[1.018, 1.633] 1.262[1.035, 1.539]
2013/14 24,716 1.021[0.855, 1.220] 1.230[1.011, 1.496] 1.093[0.815, 1.464] 1.135[0.901, 1.430]

___________________________________________________________ In-hospital mortality
2004/05 20,454 1.059[0.922, 1.216] 1.211[1.031, 1.423] 1.099[0.923, 1.309] 1.160 [0.945, 1.425]
2005/06 20,231 Ref 1.122[0.969, 1.300] Ref 1.107 [0.880, 1.394] 1.119[0.942, 1.330] 1.024[0.977, 1.485]
2006/07 20,605 | 1.055[0.939, 1.185] ' 1.207[0.984, 1.480] 0.990 [0.809, 1.213] 1.261 [1.045, 1.521]
2007/08 21,763 1.081[0.960, 1.217] 0.9690.841, 1.116] 1.038 [0.865, 1.246] 1.091 [0.929, 1.280]

https:/mc.manuscriptcentral.com/bmjqs



OCoONOOOPA~WN =

BMJ Quality & Safety

2008/09 21,130 1.038[0.897, 1.201] 1.069[0.932, 1.226] 1.029 [0.850, 1.244] 1.098 [0.926, 1.301]
2009/10 21,847 1.127[0.960, 1.323] 1.088[0.942, 1.256] 1.153[0.836, 1.590] 1.178 [1.002, 1.383]
2010/11 23,072 1.075[0.939, 1.231] 1.120[0.911, 1.377] 1.112[0.948, 1.306] 1.146 [0.900, 1.459]
2011712 23,921 1.090 [0.966, 1.230] 0.931[0.777, 1.115]  1.057 [0.834,1.340] 1.056[0.915, 1.219]
2012/13 23,808 1.131 [0.990, 1.291] 0.958 [0.839, 1.094] 1.145[0.939, 1.398] 1.085[0.906, 1.299]
2013/14  27.403 1.0320.902, 1.180] 1.187[1.014,1.390] 1.175[0.944, 1.462] 1.064 [0.869, 1.302]

1. Including public holidays.

2. Odds ratio estimated by logistic regression with 95% confidence interval corrected for clustering around consultant in brackets. Logistic regressions adjusted
for age, gender, ethnicity, deprivation, Charlson index, number of diagnoses, number of procedures, palliative care, number of emergency admissions in last
year, admission method, admission source, transfer-out dummy, admission month and primary diagnosis groups.
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