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abstRact
IntroductIon: The inflow of patients in emergency de
partments (ED) varies over time. If variations are not an
ticipated, accumulation of patients and treatment delay 
may occur. This may trigger adverse events causing excess 
mortality. The aim of this study was to determine if attend
ing the ED after hours and during weekends was associated 
with an increased mortality.
Methods: We examined the medical records of 5,385 pa
tients. Data were retrieved from the Electronic Patient Jour
nal, the Danish National Patient Registry and the Danish 
 Civil Registration System. Multinomial logistic regression 
and Cox regression were performed to analyse the associ
ations between attendance time and mortality. 
results: The inflow of patients differed over the hours of 
the day and the days of the week. The findings tended to
wards a higher mortality for patients attending the ED dur
ing the evening shift than during the dayshifts, and during 
weekends than during weekdays. Patients attending the ED 
during the night shift had no excess mortality compared 
with the dayshifts. The combination of evening shift and 
weekday and the combination of dayshift and weekend 
reached significance. Associations with mortality were 
strongest for inhospital mortality. 
conclusIons: Indications of excess mortality were found 
for patients attending in the weekend compared with week
days and in the evening hours compared with night and 
daytime hours. The causal mechanism is unknown.
FundIng: none.
trIal regIstratIon: not relevant.

An important goal in emergency healthcare is to prevent 
adverse events and to postpone mortality. Organising 
staff in emergency departments (EDs) is complex. Pa
tient inflow and severity are difficult to anticipate during 
working hours, and planning must rely on expected in
flow as well as on the staff’s ability to prioritize the most 
acute patients by use of a triage system [1]. Further
more, the accumulation of inpatients adds to the ED 
workload [2]. A recent large multicentre study found 
that surgeries with a high patient/nurse ratio were asso
ciated with increased mortality [3].

Previous studies have found that patients attending 
on weekends have a higher mortality than those attend
ing on weekdays, both in EDs [46] and in other acute 

settings [79]. One study found an association between 
night versus day attendance and mortality in the ED set
ting [10].

The causal pathways are controversial; some sug
gest that the differences relate to a staffing or inflow 
disparity [11] or access to diagnostics [12], whereas  
others suggest that the findings may reflect clinical dif
ferences between patients attending on weekdays and 
weekends [9, 13, 14]. 

Weekend and afterhour differences in mortality in 
EDs are not always found [1517]. A British study found 
no differences in patients attending during weekends 
compared with weekdays, and the study suggested that 
a possible explanation may lie in the implementation of 
an acute medical admission unit with consistent staffing 
levels and 24hour access to diagnostics [15]. A large 
study on trauma patients found that afterhour differ
ences in mortality were not present in hospitals that 
used a systematic trauma system [17]. 

Previous studies lack followup on mortality after 
hospital discharge as well as adjustment for disease se
verity in combination with patient characteristics such as 
comorbidities. None of the previous studies were car
ried out in Scandinavian settings.

The purpose of this study was to examine if patients 
attending the ED after hours and in weekends had an in
creased mortality after adjusting for possible confound
ing factors.

mEthOds
This study was an observational cohort study performed 
at an ED in the Central Denmark Region. The hospital 
provides healthcare to approx. 300,000 people and has 
an annual ED census of 29,000 patients. The ED compris
es an emergency admission and an emergency observa
tion ward. The observation ward attends patients who 
require admission for an expected period of less than 24 
hours. If longer medical care is needed, patients are 
transferred to specialised wards related to their illness. 
Patients are referred to ED from general physicians or 
arrive by ambulance or show up without referral. There 
are at least one attending emergency medicine specialist 
and two younger residents present in the ED to initiate 
treatment. These professionals are backed by physicians 
from other wards as needed. The ED is covered by phys
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icians in shifts as follows (number of physicians in brack
ets): Attending: weekdays: 816 (1), 818 (1), 1321 (1) 
and 1809 (1). Weekends 818 (1) and 1809 (1). Resi
dents: weekdays: 817 (4), 1022 (1), 1709 (2). Week
ends: 818 (2), 1022 (1) and 1709 (2). 

We examined the medical records of all patients 
who attended the ED from 1 September 2012 to 30 
November 2012. The ED receives all trauma and surgical 
patients irrespective of age, but only adult patients with 
medical conditions. Paediatric trauma and surgery pa
tients are seen in the ED, whereas paediatric medical 
 patients are not. 

Exceptions for adult medical patients are made for 
cardiology, gynaecology and obstetrical patients, who 
are attended in their own specialised ward. We re
trieved data on all patients from the electronic patient 
journal (EPJ), the Danish National Patient Registry 
(DNPR) and the Danish Civil Registration System (CRS). 
We retrieved information on triage categories from the 
EPJ, which are derived from the RETTSHEV, a triage sys
tem with five categories, previously described in detail 
[18, 19]. The DNPR provided information about patient 

arrival time as well as International Statistical Classi fica
tion of Diseases and Related Health Problems 10 (ICD
10) codes for all hospital visits. Data on age, gender and 
date of death were derived from the CRS.

The inclusion criteria involved all patients (n = 5.385) 
attending the ED within the threemonth period (from  
1 September to 30 November 2012). Exclusion criteria 
were: all patients within the study period who had miss
ing information on triage category or who were for
eigners and thus had not been assigned a CPR number  
(n = 705).

ICD10 diagnoses were assigned to the patient be
fore hospital discharge. Diagnoses from the previous ten 
years were recoded into three groups using the Charlson 
Index: 1: no comorbidity, 2: one comorbidity and 3: 
two or more comorbidities. Diagnoses related to the 
 actual visit in the ED were assigned when they left the 
ED either to be admitted to another hospital depart
ment or to be discharged. Diagnoses were coded accord
ing to the ICD10.

Data on attendance time were recoded into shifts 
(nightshift = 00.00 H to 07.59 H, dayshift = 08.00 H to 
15.59 H, and eveningshift = 16.00 H to 23.59 H) and into 
weekend/weekdays according to date. National holidays 
were coded as weekend. Furthermore, we created com
bined groups to examine the interaction between shift 
and weekend/weekday. We analysed these strata sep
arately. 

We defined mortality at four different time points; 
inhospital mortality (including transfer to other depart
ments) and 30, 60 and 90day mortality based on the 
date of death, attendance date and discharge date. We 
also defined mortality as a timetoevent outcome along 
with a time from attendance to death with censoring at 
90 days.

We described the population characteristics with 
proportions for patients according to their time of at
tendance. Multinomial logistic regression was per
formed to analyse the associations between attendance 
time and the outcomes; inhospital mortality and 30, 

tablE 1

Descriptives of patients (N = 4,680). The values are n (%).

Age, yrs

020    991 (21.18)

2140 1,052 (22.48)

4160 1,039 (22.20)

6180 1,060 (22.65)

≥ 81    538 (11.50)

Gender

Male 2,311 (49.38)

Admission

Nightshift (00.0007.59)    727 (15.53)

Dayshift (08.0015.59) 2,662 (56.88)

Eveningshift (16.0023.59) 1,291 (27.59)

Weekend admission 1,173 (25.06)

Admitted to ward 2,435 (53.03)

Charlson score

0 3,416 (72.99)

1    596 (12.74)

≥ 2    668 (14.27)

Triage category

I    202 (4.32)

II    671 (14.34)

III 1,816 (38.80)

IV 1,284 (27.44)

V    707 (15.11)

Mortality

Inhospital   81 (1.73)

30day   89 (2.54)

60day 131 (3.74)

90day 158 (4.51)
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60 and 90day mortality and Cox regression were used 
to analyse the association between attendance time and 
the time to death. Proportional hazard was examined 
using logminuslog plots. The stratified analysis was 
performed only on the outcome 30day mortality. We 
expected gender, age, triage category, diagnosis and co
morbidity to be possible confounders. The patients were 
representing 363 different diagnoses. For the outcomes 
30, 60 and 90day mortality, we used a mixed model 
analysis [20] to correct for clusters within each ICD10 
diagnosis (variance of the intercepts) for the actual ED 
visit. Due to the limited number of events, a mixed mod
el could not be used for the outcome inhospital mortal
ity and for the stratified analysis. 

Terminal cancer patients are admitted to the ED 
 instead of the Oncology Department out of normal 
hours, so we also examined if mortality in cancer pa
tients could explain any excess mortality by excluding 
cancer patients.

Trial registration: not relevant.

REsUlts
The study population is described in general in table 1, 
and according to time of week and shift in table 2.

Patient characteristics differed over hours and days 
of the week (Table 2). First of all, there were differences 
in the inflow of patients throughout the hours and days 
of the week. Most patients attended during dayshifts on 
weekdays, whereas the inflow was more evenly distrib
uted over shifts on weekends. 

Triage categories were unevenly distributed over 
both time of day and weekdays/weekends, showing 
fewer severe patients arriving during weekdays and on 
dayshifts. The distribution of patients with comorbidity 
was similar for both hours and days of the week. 
Younger patients were more often attending during 
weekends, evenings or nightshift than were older pa
tients. 

We found indications of increased mortality in pa
tients attending during evening shifts when compared 
with dayshifts, although this finding was not significant 
(table 3). Patients attending during nightshifts had no 

tablE 2

 

time of week shift

weekday weekend night day evening

Age, yrs

020 710 (20.25) 281 (23.96) 124 (17.06) 541 (22.32) 326 (25.25)

2140 752 (21.44) 300 (25.58) 205 (28.20) 573 (21.53) 274 (21.22)

4160 807 (23.01) 232 (19.78) 182 (25.03) 557 (20.92) 300 (23.24)

6180 815 (23.24) 245 (20.89) 142 (19.53) 648 (24.34) 270 (20.91)

≥ 81 423 (12.06) 115 (9.80)   74 (10.18) 343 (12.89) 121 (9.37)

Gender

Male 1,740 (49.62) 571 (48.68) 399 (54.88) 1,256 (47.18) 656 (50.81)

Admission

Nightshift (00.0007.59)    451 (12.86) 276 (23.53) – – –

Dayshift (08.0015.59) 2,139 (60.99) 523 (44.59) – – –

Eveningshift (16.0023.59)    917 (26.15) 374 (31.88) – – –

Weekend admission – – 276 (37.96) 523 (19.65) 374 (28.97)

Admitted to ward 1,858 (52.98) 577 (49.19) 419 (57(63) 1,331 (50.00) 685 (53.06)

Charlson score

0 2,547 (72.63) 869 (74.08) 531 (73.04) 1,925 (72.31) 960 (74.36)

1    457 (13.03) 139 (11.85)   92 (12.64)     354 (13.30) 150 (11.62)

≥ 2    503 (14.34) 165 (14.07) 104 (14.31)     383 (14.39) 181 (14.02)

Triage category

I    142 (4.05)   60 (5.12)   44 (6.05)      92 (3.46)   66 (5.11)

II    471 (13.43) 200 (17.05) 122 (16.78    299 (11.23) 250 (19.36)

III 1,353 (38.58) 463 (39.47) 322 (44.29) 1,006 (37.79) 488 (37.80)

IV 1,018 (29.03) 266 (22.68) 195 (26.82)    786 (29.53) 303 (23.47)

V    523 (14.91) 184 (15.69)   44 (6.05)    479 (17.99) 184 (14.25)

Mortality

Inhospital   54 (1.54) 27 (2.30) 10 (1.38)   41 (1.54) 30 (2.32)

30day   89 (2.54) 41 (3.5) 19 (2.61)   69 (2.59) 42 (3.25)

60day 131 (3.74) 55 (4.69) 28 (3.85) 103 (3.87) 55 (4.26)

90day 158 (4.51) 64 (5.46) 33 (4.54) 120 (4.51) 69 (5.34)

Descriptives of patients according to time of 
week and shift (N = 4,680). The values are  
n (%).
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excess mortality. Patients attending on weekends had 
indications of increased mortality compared with pa
tients attending on weekdays. When stratifying the ana
lysis regarding shifts on weekday versus weekdays and 
vice versa, we found that the evening effect was primar
ily related to weekdays, whereas the weekend effect 
was related to dayshift for the outcome 30day hospital 
mortality (table 4).

Exclusion of patients with a cancer diagnosis re
vealed similar estimates as those of the whole cohort re
garding inhospital mortality: weekend odds ratio (OR) 
(95% confidence interval): 1.66 (0.903.08), evening OR: 
1.57 (0.852.90) and night OR: 0.81 (0.341.97).

discUssiOn
In this study of 4,680 patients from a Danish emergency 
department, we found indications of an association be
tween patients attending the ED during the evening shift 
and weekends and increased mortality. The associations 
between evening shift combined with weekdays and 
dayshift combined with weekend were significant. The 
associations were strongest with inhospital mortality 
and decreased over time.

We had access to a range of registerbased informa
tion and could determine the outcome mortality with 
high precision. However, we did not have access to data 
about the cause of death, which could potentially have 
provided indications about the causal relationship.  The 
possibility of adjusting for both disease severity and  
diagnosis for the actual visit and prevalent comorbidity 
was an important strength of this study. However, ad
justing for triage categories has some limitations as only 
the initial triage category was used and triage is a dy
namic variable by nature. Adjustment for possible con
founders increased the associations, which is in line with 
the findings of Handel et al [4]

The sample size of the study was not sufficient to 
meet the significance level of p < 0.05 in most of the 
strata. However, the results were consistent, and the es
timated size of the risk was of clinical importance. We 
were able to examine inflow, but not crowding as infor
mation regarding the time at which the patient left the 
ED was inaccurate and other specialties may have taken 
over the patient while the patient was still physically  
situated in the ED.

Excluding patients not registered with a triage cat
egory may introduce selection bias in the study. Se
lection bias could also be present if patients who suf

tablE 3

Association between admissionshift and admission time of week and mortality in a Danish emergency department (N = 4,680).

mortality, odds ratio (95% confidence interval)

in-hospital  
(n = 81 (1.73%))

30-day  
(n = 89 (2.54%))

60-day  
(n = 131 (3.74%))

90-day  
(n = 158 (4.51%))

all mortality, hazard ratio  
(n = 158 (4.51%))

crude adjusteda crude adjustedb crude adjustedb crude adjustedb crude adjusteda

Admission

Day shift 1 1 1 1 1 1 1 1 1 1

Evening shift 1.52  
(0.952.45)

1.63  
(0.972.77)

1.26  
(0.861.87)

1.44  
(0.922.23)

1.11  
(0.791.54)

1.27  
(0.861.87)

1.20  
(0.881.62)

1.41  
(0.992.01)

1.19  
(0.891.60)

1.30  
(0.961.75)

Night shift 0.89  
(0.441.79)

0.78  
(0.371.66)

1.01  
(0.601.69)

0.97  
(0.541.72)

1.00  
(0.651.52)

1.01  
(0.621.65)

1.01  
(0.681.49)

1.02  
(0.651.61)

1.01  
(0.691.48)

0.99  
(0.671.47)

Time of week

Weekday 1 1 1 1 1 1 1 1 1 1

Weekend 1.50  
(0.942.40)

1.63  
(0.982.73)

1.39  
(0.962.03)

1.50  
(0.982.30)

1.27  
(0.921.75)

1.42  
(0.982.07)

1.22  
(0.911.65)

1.35  
(0.951.91)

1.22  
(0.911.63)

1.35  
(1.001.81)

a) Mutually adjusted and adjusted for triage category, comorbidity, age and sex. 
b) Mixed model with random intercept for diagnostic groups, mutually adjusted and adjusted for triage category, comorbidity, age and sex.

tablE 4

Association between combinations of admissionshift and admission time of week and 30day mortality 
in a Danish emergency department (N = 4,680).

Odds ratio (95% confidence interval)

strata Focusa crude adjustedb  

Day shift Everyday 1 1

Weekend/weekday 1.82 (1.083.07) 2.15 (1.213.85)

Evening shift Everyday 1 1

Weekend/weekday 1.10 (0.572.15) 1.08 (0.522.22)

Night shift Everyday 1 1

Weekend/weekday 0.95 (0.372.45) 1.59 (0.534.79)

Everyday Day shift 1 1

Evening shift 1.19 (0.632.26) 1.11 (0.562.21)

Night shift 1.42 (0.892.27) 1.74 (1.052.88)

Weekend/weekday Day shift 1 1

Evening shift 0.62 (0.261.48) 0.82 (0.312.18)

Night shift 0.86 (0.421.74) 0.84 (0.381.88)

a) Weekend/weekday compared with everyday, evening shift and night shift compared with day shift. 
b) Adjusted for triage category, comorbidity, age and sex.
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fered from a milder illness postponed their contact to 
the healthcare services until after the weekend or the 
following morning. If these patients have a higher mor
tality due to delayed attendance, this could have de
creased the associations found. The distribution on tri
age categories vary both with day of the week and with 
shifts. Even though we adjusted for triage category, di
agnosis and comorbidity, there may still be unobserved 
differences between the patients.

The findings of excess mortality on weekends com
pared with weekdays and evening shifts compared with 
dayshifts were in line with previous findings in EDs [46, 
10]. An explanation for the findings is difficult to estab
lish on the basis of the available information. Contri bu
tory explanations may include a reduction in the staff
ing, increased busyness on the evening shift and during 
weekends in the ED, differences in prehospital organ
isation along with differences in the possibilities to refer 
patients to other medical specialties during weekends. 
The differences in types of patients attending during the 
different shifts and during the week are often suggested 
as a possible explanation [13, 15]. However, since we 
adjusted for both diagnosis and severity (triage cat
egory), we consider that any residual confounding  
re lated to patient characteristics will be limited. All esti
mates increased after adjustment for possible con
founding factors. However, when analysing each poten
tial confounder separately, increasing estimates were 
associated with adjustment for age and comorbidity, 
whereas adjustment for triage categories decreased the 
associations. This finding may be related to increased 
risk for vulnerable and older patients with more comor
bidities. The stratified analysis identified two possible 
highrisk periods; the evening shift on weekdays and the 
dayshift during weekends. These periods correspond to 
periods with reduced staffing, but also with reduced in
flow. We were able only to adjust for diagnosis in the 
analysis of 30, 60 and 90day mortality and did so by 
using of a mixed model, taking clusters within diagnostic 
groups into account. This model slightly increased the 
estimates; and the likelihood ratio test, which included 
diagnoses, improved the models compared with trad
itional logistic regression (p = 0.0011, p = 0.0001 and  
p = 0.002, respectively). We were unable to adjust for  
diagnoses in the stratified analysis.

Seward et al performed a review of 200 patients 
who died within seven days of admission and found that 
attendance delays, inaccurate diagnoses and delays in 
patient evaluation and treatment were major problems 
[13]. In a previous study of inflow and waiting times in 
the same ED, delays for attendance during afterhours 
were found [18]. 

Our results should be interpreted with caution as a 
range of unmeasured circumstances may be related to 

this association. Such circumstances occur both before 
and after the attendance to the ED. Further studies pro
viding possible explanations are warranted. If the gen
eral pattern from this study is true, where the adjusted 
model increased the size of the associations, then a 
crude analysis would most likely reveal similar findings 
in a simple study design without covariates provided ac
curate data on mortality are available.

cOnclUsiOns
Indications of excess mortality were found for patients 
attending in the weekend compared with weekdays and 
in the evening hours compared with night and daytime 
hours, even after adjusting for possible confounders. 
The evening effect was primarily related to weekdays, 
whereas the weekend effect was related to the dayshift. 
The causal mechanism remains unknown, but may be 
related to unmeasured differences in patient character
istics, reduced staffing, lower seniority or reduced ac
cess to diagnostics and specialists. Further studies in 
larger samples are needed to confirm the findings.
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