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Background-—A considerable amount of studies have examined the relationship between off-hours (weekends and nights)
admission and mortality risk for various diseases, but the results remain equivocal.

Methods and Results-—Through a search of EMBASE, PUBMED, Web of Science, and Cochrane Database of Systematic Reviews,
we identified cohort studies that evaluated the association between off-hour admission and mortality risk for disease. In a random
effects meta-analysis of 140 identified articles (251 cohorts), off-hour admission was strongly associated with increased mortality
for aortic aneurysm (odds ratio, 1.52; 95% CI, 1.30–1.77), breast cancer (1.50, 1.21–1.86), leukemia (1.45, 1.17–1.79), respiratory
neoplasm (1.32, 1.20–1.26), pancreatic cancer (1.32, 1.12–1.56), malignant neoplasm of genitourinary organs (1.27, 1.08–1.49),
colorectal cancer (1.26, 1.07–1.49), pulmonary embolism (1.20, 1.13–1.28), arrhythmia and cardiac arrest (1.19, 1.09–1.29), and
lymphoma (1.19, 1.06–1.34). Weaker (odds ratio <1.19) but statistically significant association was noted for renal failure,
traumatic brain injury, heart failure, intracerebral hemorrhage, subarachnoid hemorrhage, stroke, gastrointestinal bleeding,
myocardial infarction, chronic obstructive pulmonary disease, and bloodstream infections. No association was found for hip
fracture, pneumonia, intestinal obstruction, aspiration pneumonia, peptic ulcer, trauma, diverticulitis, and neonatal mortality.
Overall, off-hour admission was associated with increased mortality for 28 diseases combined (odds ratio, 1.11; 95% CI, 1.10–
1.13).

Conclusions-—Off-hour admission is associated with increased mortality risk, and the associations varied substantially for different
diseases. Specialists, nurses, as well as hospital administrators and health policymakers can take these findings into consideration
to improve the quality and continuity of medical services. ( J Am Heart Assoc. 2016;5:e003102 doi: 10.1161/
JAHA.115.003102)
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D ue to certain uncontrollable reasons, such as the
sudden onset of diseases, patients may be admitted

to the hospital on off-hours (weekends and nights). Because

of a shortage of staff,1–3 lack of experienced clinician
expertise,4 as well as inadequate subspecialty care5 and
therapeutic6 or diagnostic procedures,4 off-hour admission
may be associated with increased mortality and other adverse
outcomes, which has been called “off-hour effect.”7

In previous studies, mortality has been regarded as a proxy
measure to assess hospital performance and quality of
care.8,9 For example, the 30-day mortality rate after acute
myocardial infarction, chronic obstructive pulmonary disease,
stroke, heart failure, and pneumonia has been used by the
Centers for Medicare & Medicaid Services to compare
outcomes across different hospitals.8 The investigation of
differences in hospital mortality according to time of admis-
sion and possible mechanisms is the research emphasis of
off-hour effect.

Studies conducted as early as the 1970s found that infants
born on weekends had slightly higher neonatal mortality
compared with those born on weekdays.10,11 Since the early
21st century, the effects of weekend hospital admissions
mortality have been examined among diverse patient groups.
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In 2001, for example, Bell and Redelmeier conducted a study
that investigated the risk of mortality among patients
admitted on weekends compared with patients admitted on
weekdays for 100 disease conditions.4 In 2004, Cram et al
conducted a study to examine the effects of weekend hospital
admission among patients with 50 common diagnoses and
found statistically significant off-hour effects on 3 specific
diagnoses.12 Recently, Sorita et al performed 2 meta-
analyses and reported that there were significant off-hour
effects for patients diagnosed with myocardial infarction13

and acute ischemic stroke.14 However, several recently
published studies were not included in the previous meta-
analyses. In addition, there are a large number of published
studies on off-hour effects for other diagnoses that have not
been systematically synthesized in previous systematic
reviews.

A comprehensive understanding of the relationship
between off-hour admission and mortality risk for different
diseases will provide valuable information to hospital man-
agers and health policymakers. Therefore, we conducted a
systematic review and meta-analysis of published cohort
studies to estimate the association between off-hour admis-
sion and mortality risk for a wide range of diseases or
conditions.

Methods

Data Sources and Searches
This systematic review was conducted according to the Meta-
analysis Of Observational Studies in Epidemiology (MOOSE)
statement.15 Relevant publications were electronically
searched in 4 databases: EMBASE (1966 to January 2015),
PubMed (1966 to January 2015), Web of Science (1965 to
January 2015), and Cochrane Database of Systematic Reviews
(1996 to January 2015). We used the following keywords to
collect relevant citations: (off-hour OR weekend OR night)
AND (mortality OR fatality OR death OR survival OR hospital
staffing). We restricted the search to human studies. There
were no restrictions on language. When multiple publications
on the same study population were identified, the most
complete and recent study was included. Additionally, we
scrutinized the references from relevant reviews and retrieved
original articles to identify further potentially eligible studies.

Study Selection
We included cohort studies that compared short-term mor-
tality (in-hospital, 7-day, or 30-day mortality) between patients
with off-hours admission versus regular-hours admission. The
comparison of off-hours versus regular hours included the
following categories: weekend and night versus weekday

regular hours, weekends versus weekdays, and night versus
day. We regarded national holidays as being equivalent to
weekends. To be included, a cohort study should report the
outcome measure as an odds ratio (OR), relative risk (RR), or
hazard ratio (HR), and 95% CI or provide sufficient data to
calculate them.

Data Extraction and Quality Assessment
Two investigators independently extracted data and a third
reviewer checked data. Extracted data included information on
country, years of enrollment of the cohort, the definition of off-
hours, data source, per-group sample size, variables adjusted
for, outcomes, and effect estimate (OR, RR, HR) with 95% CIs.
The Newcastle–Ottawa Scale (NOS) was used to assess the
quality of studies.16 The Newcastle–Ottawa Scale for cohort
studies include 3 domains (quality of selection, comparability,
and quality of outcome and adequacy of follow-up), with a
maximum score of 9 points. Studies with Newcastle–Ottawa
Scale scores of 0 to 3, 4 to 6, and 7 to 9 were considered low,
moderate, and high quality, respectively.17

Data Synthesis and Analysis
We used short-term mortality as the main outcome. Thirty-day
mortality was preferable when it was available. We used
adjusted estimates if both adjusted and unadjusted were
provided. OR was used to measure the association between
off-hours admission and short-term mortality. If only RR or HR
estimates were available, we considered the reported RR or
HR approximately as OR. We used the v2 test and Cochran Q
score (reported as I2) to estimate heterogeneity among
studies. According to the estimated I2 values, inconsistency
across studies was considered to be high (75% or greater),
moderate (25–75%), and low (25% or less).18 We used the
DerSimonian and Laird random-effect model to pool results
across studies, accounting for between-study variance.19

For each individual disease, we conducted sensitivity
analyses by sequential omission of each included study to
investigate the potential influence of a single cohort on the
pooled risk estimate. We also conducted sensitivity analyses
by excluding studies that reported only RR or HR. In addition,
sensitivity analyses were conducted by excluding studies with
low-to-moderate quality.

For diseases that included more than 10 cohorts, we
conducted subgroup analyses and assessed publication bias.
Subgroup analyses were conducted to explore whether the
association between time of admission and mortality risk
differed according to outcome adjustment, data source,
region, mortality type, and type of off-hours. Publication bias
was examined in funnel plots and with a rank correlation
test.20

DOI: 10.1161/JAHA.115.003102 Journal of the American Heart Association 2

Off-Hour Admission and Mortality Risk Zhou et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H

 at University of East Anglia (uea) /England on April 5, 2016http://jaha.ahajournals.org/Downloaded from 

http://jaha.ahajournals.org/


We conducted a random-effects meta-regression using the
midyear of enrollment of the cohort as the independent
variable and the natural log of OR for mortality as the
dependent variable. All statistical analyses were performed
using STATA version 12.0 (STATA Corporation, College
Station, TX). All P values were 2-sided and were considered
significant if P<0.05.

Results

Identification and Description of Studies
After reviewing all potentially relevant citations, we identified
251 cohorts from 140 studies that met the inclusion criteria,
including 25 450 474 participants. References of studies
included in meta-analyses are listed in Data S1. Figure 1
shows the study selection process. More than half the cohorts
(166/251) were published since 2006. Studies published
before 2006 were predominantly conducted in North America
(Figure 2). Studies from Europe and Australia began to
increase after 2006, and only a few studies were conducted
in low- and middle-income countries, such as China, Iraq,
Saudi Arabia, and Kenya. In total, 146 cohorts were
conducted in North America, 78 cohorts in the Europe and
Australia, and 27 cohorts in other countries. Of the included
studies, 4 studies reported results stratified by years of
patient cohort and 11 studies reported off-hour effect by
diseases, resulting in 251 independent cohorts for the main
analysis. Of the 251 independent cohorts, 210 cohorts
reported adjusted mortality and 41 cohorts reported unad-
justed mortality. In terms of data sources, 68 cohorts used
data from clinical registry, and 183 cohorts from administra-
tive data. Based on the Newcastle–Ottawa Scale quality
assessment results, 238 cohorts had a high quality and 13
cohorts had a moderate quality (Figure 3). The main charac-
teristics of the included cohorts are shown in Table 1, and the
detail characteristics of the included studies are available in
Table S1.

Mortality for All Diagnoses and by Diagnoses
For all diagnoses combined, off-hour admission was associated
with significantly higher short-term mortality (OR, 1.11; 95% CI,
1.10–1.13, with a high heterogeneity I2=81.8%, P<0.001).

Figure 4 shows the results of meta-analyses by individual
diagnoses. Among the 28 individual diagnoses, the associa-
tion between off-hour admission and short-term mortality was
statistically significant for aortic aneurysm (OR, 1.52; 95% CI,
1.30–1.77), breast cancer (1.50, 1.21–1.86), leukemia (1.45,
1.17–1.79), respiratory neoplasm (1.32, 1.20–1.26), pancre-
atic cancer (1.32, 1.12–1.56), malignant neoplasm of geni-
tourinary organs (1.27, 1.08–1.49), colorectal cancer (1.26,

1.07–1.49), pulmonary embolism (1.20, 1.13–1.28), arrhyth-
mia and cardiac arrest (1.19, 1.09–1.29), and lymphoma
(1.19, 1.06–1.34).

Weaker (OR <1.19) but statistically significant association
was found for renal failure (OR, 1.16; 95% CI, 1.07–1.26),
traumatic brain injury (1.14, 1.07–1.22), heart failure (1.10,
1.01–1.21), intracerebral hemorrhage (1.10, 1.04–1.17),
subarachnoid hemorrhage (1.10, 1.01–1.19), stroke (1.10,
1.06–1.14), gastrointestinal bleeding (1.09, 1.06–1.13),
myocardial infarction (1.06, 1.04–1.09), chronic obstructive
pulmonary disease (1.04, 1.02–1.06), and bloodstream infec-
tions (1.04, 1.00–1.07).

No significant association was found for hip fracture (OR,
1.10; 95% CI, 0.94–1.28), intestinal obstruction (1.07, 0.99–
1.15), peptic ulcer (1.06, 0.83–1.36), trauma (0.97, 0.86–
1.09), pneumonia (1.02, 0.99–1.05), aspiration pneumonia
(1.00, 0.90–1.12), diverticulitis (1.04, 0.93–1.17), and neona-
tal mortality (1.04, 0.97–1.12).

No statistically significant heterogeneity across studies
was observed for off-hour admission in relation to mortality
risk for lymphoma, gastrointestinal bleeding, traumatic brain
injury, intestinal obstruction, bloodstream infections, chronic
obstructive pulmonary disease, diverticulitis, pneumonia,
subarachnoid hemorrhage, and intracerebral hemorrhage.
We observed some heterogeneity for studies of off-hour
admission and the other 18 diseases (Figure 4). Publication
bias was not indicated according to funnel plots and results of
related statistical tests (the smallest P=0.185, the Begg–
Mazumdar test for gastrointestinal bleeding).

Subgroup Analyses, Meta-Regression, and
Sensitivity Analyses
Table 2 shows the results of subgroup analyses. For gas-
trointestinal hemorrhage, arrhythmia and cardiac arrest,
stroke, and myocardial infarction, significant associations
between off-hour admission and mortality risk were observed
in studies that adjusted for potential confounding factors,
whereas null associations were reported in studies that did
not adjust for confounding factors. However, for neonatal
mortality, we recorded a positive association for studies that
did not adjust for confounding factors (OR, 1.23; 95% CI,
1.05–1.44), but null association was noted for studies that
adjusted for potential factors (0.98, 0.94–1.01).

We also observed a positive association between off-hour
effect and gastrointestinal hemorrhage in studies conducted
in North American (OR, 1.09; 95% CI, 1.04–1.14) or in
European countries (1.13, 1.02–1.26), but the association
was not found in studies conducted in other countries (0.98,
0.67–1.44). Similar results were observed in studies of
arrhythmia and cardiac arrest, neonatal mortality, and
myocardial infarction.
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We also conducted subgroup analyses according to
whether the off-hours were defined as weekends, nights, or
weekends and nights. For stroke, the results were consistent
between studies that defined off-hours as weekend and night
(OR, 1.09; 95% CI, 1.01–1.18) and studies that defined off-
hour as weekend only (1.10, 1.05–1.15). For myocardial
infarction, we recorded positive associations in studies that
defined off-hours as weekend and night (1.06, 1.01–1.12) or
as weekend only (1.07, 1.04–1.09), but nonsignificant
association was noted in studies in which off-hours were
defined as night only (1.38, 0.92–2.08), which may be due to
relatively small sample size.

Meta-regression did not reveal a significant time trend on
the mortality difference between off-hours and regular hours
(P=0.23) (Figure 5). Sensitivity analyses by excluding each

single cohort showed that no single studies substantially
affected the pooled results. The results were also not
materially altered when studies that reported only RR or HR
and that had a moderate quality were excluded.

Discussion
Findings from this systematic review showed that, on average,
patients admitted to hospitals during off-hours experienced
higher mortality risk (both 30-day and in-hospital mortality)
than patients admitted during regular hours. The current
meta-analysis greatly extended the scope of existing system-
atic reviews13,14 and showed significant associations between
off-hour admission and mortality risk for 20 diseases (includ-
ing 7 common malignancies).

Figure 1. Flow chart for selection of eligible studies. COPD indicates chronic obstructive pulmonary
disease.
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Comparison With Other Studies
Many studies have discussed the potential mechanisms of off-
hour effect. Researchers highlighted problems regarding the
accessibility and quality of medical services on off-hours, such
as lower levels of medical staff,21 inadequate access to
specialized services,1,22 discontinuity of care,23 and reduced
availability of certain procedures.2,24 Based on findings from
the current systematic review of multiple diseases, we found
that the off-hour effect may be exacerbated particularly when
optimal patient care requires an increase in medical
resources.

Firstly, there were significant off-hour effects in conditions,
such as patients with malignancies and acute illnesses, where
the amount of medical resources required were great and
advanced medical technology for diagnosis and treatments
were required. For example, in patients with acute leukemia,

immediate initiation of intensive induction chemotherapy is
generally considered requisite for maximizing survival. How-
ever, during off-hours, there is often a reduction in availability
of certain procedures and medical staff.25 Considerable
medical resources are often required for the care of patients
with acute illnesses, such as pulmonary embolism, gastroin-
testinal bleeding, and cardiac arrest. For example, the
diagnosis of pulmonary embolism is complex and requires
timely access to radiographic procedures, while the availabil-
ity and quality of diagnostic and therapeutic procedures may
differ between off-hours and regular hours.26 Early endoscopy
may improve gastrointestinal bleeding outcomes, while a
delay in the execution of gastrointestinal endoscopy may
occur more often on off-hours.27,28 Resuscitation system
processes can improve patient survival following cardiac
arrest, but the procedure may be delayed because of
inadequate availability of healthcare professionals on off-hour
periods.29,30

Secondly, we did not find significant off-hour effects in
conditions, such as patients with hip fracture and peptic ulcer
disease, where relatively fewer health resources were needed.
Previous studies have proposed that hip fracture is an easily
diagnosed condition that requires limited preoperative
resources, and a standardized treatment may compensate
for the reduced health resources during off-hours.31,32 In
addition, treatment for peptic ulcer usually means taking
medicines and making lifestyle changes, so that the reduced
staffing level during weekends and holidays is unlikely to
increase mortality risk.33

Thirdly, we did not find an off-hour effect on diseases that
were usually managed in clinical departments with balanced

Figure 2. Data sets by year and population group. Size of circle is proportional to sample size.

Figure 3. Study quality rating for 140 studies. NOS indicates
Newcastle–Ottawa Scale.
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Table 1. Baseline Characteristics for Studies Included in Meta-Analysis

Disease
Number of
Data Sets

Region Data source
Median
Duration
of Study
Period (Years)

Total Sample
Size

Quality
Assessment

Mean Number
of Potential
Confounders
in Analysis

North
America

Europe
and
Australia Others

Clinical
Registry

Administrative
Data 7 to 9* 4 to 6*

Myocardial
infarction

56 22 24 10 37 19 5 (0.75–10) 5 085 950 55 1 6 (0–11)

Stroke 32 14 10 8 14 18 4 (1–18) 1 865 127 30 2 6 (0–11)

Gastrointestinal
bleeding

17 9 5 3 5 12 2 (1–12) 1 102 795 17 0 3 (0–5)

COPD 11 6 5 0 0 11 1 (1–17) 862 610 11 0 4 (2–6)

Neonatal mortality 10 8 2 0 2 8 3.5 (1–13) 7 493 579 6 4 3 (0–5)

Arrhythmia and
cardiac arrest

10 6 3 1 4 6 5 (1–10) 467 660 9 1 3 (0–5)

Pneumonia 9 5 2 2 1 8 4 (1–11) 1 084 796 8 1 3 (2–4)

Pulmonary
embolism

8 5 3 0 8 0 4.5 (1–10) 1 258 258 6 2 4 (0–8)

Renal failure 8 6 2 0 0 8 5.5 (1–9) 4 288 095 8 0 4 (3–5)

Intracerebral
hemorrhage

8 6 1 1 1 7 1.5 (1–9) 64 551 7 1 3 (0–6)

Heart failure 7 4 2 1 1 6 3 (1–9) 399 010 7 0 4 (1–7)

Malignant
neoplasm of
genitourinary
organs

7 0 7 0 0 7 9 (1–11) 558 898 7 0 3 (2–4)

Aortic aneurysm 6 0 4 2 0 6 1.5 (1–10) 36 214 6 0 4 (3–5)

Hip fracture 6 2 4 0 3 3 3 (1–9) 127 461 6 0 3 (0–6)

Bloodstream
infections

6 5 1 0 2 4 4 (1–9) 191 701 6 0 3 (2–5)

Trauma 5 5 0 0 0 5 4 (1–8) 131 469 4 1 3 (0–5)

Leukemia 5 3 2 0 0 5 2 (1–9) 17 717 5 0 4 (3–4)

Respiratory
neoplasm

5 3 2 0 0 5 7 (1–9) 65 909 5 0 4 (3–4)

Subarachnoid
hemorrhage

4 3 0 1 0 4 2 (1–9) 14 015 4 0 5 (3–6)

Peptic ulcer 4 4 0 0 0 4 5 (1–9) 46 087 4 0 4 (3–4)

Breast cancer 4 2 2 0 0 4 4 (1–9) 13 306 4 0 4 (3–4)

Colorectal cancer 4 3 1 0 0 4 5 (1–9) 28 307 4 0 4 (3–4)

Intestinal
obstruction

4 3 1 0 0 4 4 (1–9) 79 252 4 0 2 (0–4)

Traumatic
brain injury

3 3 0 0 0 3 2 (1–9) 45 853 3 0 4 (3–5)

Diverticulosis 3 3 0 0 0 3 6 (1–9) 67 960 3 0 6 (3–9)

Pancreatic cancer 3 2 1 0 0 3 1 (1–9) 11 755 3 0 4 (3–4)

Lymphoma 3 2 1 0 0 3 1 (1–9) 15 175 3 0 4 (3–4)

Aspiration
pneumonia

3 2 1 0 0 3 1 (1–9) 26 964 3 0 4 (3–4)

COPD indicates chronic obstructive pulmonary disease.
*Study quality was assessed using the Newcastle–Ottawa Scale.
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distribution of medical resources during off-hours and regular
hours. This was exemplified in the case of trauma. Compared
with other clinical departments, trauma centers were required
to be fully resourced and staffed independent of time of day
or day of week.34,35 Trauma centers had a reduced mortality
compared with nontrauma centers,36 and the trauma center’s
systems-based approach has been recommended by the
Institute of Medicine as a model of coordinated, regionalized,
and accountable emergency care, which could be a referable
model of care, especially for many time-critical conditions
including cardiac arrest and ischemic stroke.34

The off-hour effect may be partly explained by the reduced
accessibility and quality of medical resources.37 In addition,
differences in conditions may be attributed to the selection
bias on the apparent size of the off-hour effect. For example,
babies are born all times of the day and so one would expect
there to be less variation between off-hour and regular hours
in the rate of neonatal admissions, and hence in selection
bias. By contrast, it is quite plausible that cancer admissions
in off-hours are biased towards patients with greater illness
severity or acuity. Some studies had found that patients
admitted during off-hours may have relatively more severe

Figure 4. Summary risk estimates of off-hour admission and mortality risk for 28 specific diseases. Box sizes are in proportion to study
weights. “Total” means summary risk estimates for 28 diseases combined. COPD indicates chronic obstructive pulmonary disease; OR, odds
ratio.
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conditions27 or be intrinsically at higher risk of death by virtue
of different case mix as compared with patients admitted on
regular hours.38,39 A higher proportion of severe cases may be
admitted to the hospital during off-hours, while those with
milder symptoms would wait to speak to their doctors in the
following regular hours.1 In addition, other confounding
factors may also affect the off-hour effect.40,41 For example,
off-hour admission is not associated with increased neonatal
mortality. A small number of studies had observed slightly
higher crude risks of early neonatal death on weekends.
However, the risks disappeared after adjustment for gesta-
tional age42,43 or birth weight.38,44

Strengths and Limitations
The strength of our study is that we estimated the off-hour
effect with unprecedented precision and power. We summa-
rized data from 251 cohorts for 28 specific diseases, including
25 450 474 participants, and most of the included studies
were adjusted for substantial numbers of potential confound-
ing variables. We also conducted detailed sensitivity analyses
and assessed the quality of each included study. Sensitivity
analyses confirmed the robustness and reliability of the main
results, and study quality assessment showed that most of
the included studies had a high quality.

Our study also has some limitations. Firstly, the case mix was
an inevitable problem and also was regarded as a limitation in
original studies. Secondly, the data source and mortality type
were diverse among included studies. However, in subgroup
analyses, we found that the data source (clinical registry versus
administrative data) and mortality (in-hospital and 30-day
mortality) did not significantly modify the estimated off-hour
effects. Thirdly, high heterogeneity was observed between
studies. Heterogeneity across cohorts may result from differ-
ences in healthcare system, care delivery models, staffing orTa
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Figure 5. Meta-regression for short-term mortality. Inor indi-
cates In(odds ratio).
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resource availability, and types of facility in different countries.24

Discrepancies in patient demographics and different definitions
of weekends or nights may also be causes of unexplained
heterogeneity.27,45 Finally, most of the studies were conducted
in North America and Europe where the medical resources are
relativelymore adequate comparedwith low- andmiddle-income
countries, such as China and Kenya. Thus, it is unclear whether
the results are generalizable to low and middle countries, and
future studies are needed in resource-limited settings.

Implications for Clinicians and Policymakers
Our study evaluated not only the average off-hour effect for
all diseases, but also addressed disease-specific off-hour
effects. Results of disease-specific off-hour effects may
inform decision making in different clinical settings. The
extent of off-hour effects clearly varied across different
diseases, which may offer valuable information to specialists
and nurses to improve the quality of their patient care. In
addition, important information could be provided to hospital
administrators and health policymakers. They can make
evidence-based decisions about the hospital scheduling
systems and equipment arrangement for different diseases
and clinical settings, which may play a substantial role in
reducing hospital mortality.

Conclusions
Our meta-analysis suggests that off-hour admission is on
average associated with increased mortality risk, although the
off-hour effects varied substantially for different diseases.
Specialists, nurses, as well as hospital administrators and
health policymakers can take these findings into considera-
tion to improve the quality and continuity of medical services.
Quality improvement strategies should be developed and
implemented in healthcare systems to achieve a time-
invariant effect and standardize health care across admission
day.
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