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Introduction: The relationship between time of day and the clinical outcomes of patients with out-of-hospital car-
diac arrest (OHCA) remains inconclusive. We undertook a meta-analysis to assess the available evidence on the
relationship between nighttime and prognosis for patients with OHCA.
Materials and methods: PubMed and EMBASE were searched through June 20, 2018, to identify all studies
assessing the relationship between nighttime and prognosis for patients with OHCA. Random effects modes
were used to estimate odds ratios (ORs) with 95% confidence intervals (CIs).
Results: Eight observational studies met the inclusion criteria. Meta-analysis of 8 studies showed that compared
with nighttime, the daytime OHCA patients had higher 1-month/in-hospital survival (OR, 1.25; 95% CI,
1.15–1.37; P = 0.00), with high heterogeneity among the studies (I2 = 82.8%, P = 0.00).
Conclusions: Patients who experienced OHCA during the nighttime had lower 1-month/in-hospital survival than
those with daytime OHCA. In addition to arrest event and pre-hospital care factors, patients' comorbidity and
hospital-based care may also be responsible for lower survival at night.

© 2019 Elsevier Inc. All rights reserved.
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1. Background

Out-of-hospital cardiac arrest (OHCA) is a public health problem
worldwide and usually leads to death if not treated in the first few mi-
nutes [1]. Despite the improvements in the chain of survival, survival
rates from OHCA remain poor (approximately 10%) [2]. Both pre-
hospital and hospital-based care all have become widely accepted as
important determinants of survival after OHCA, especially pre-hospital
factors such as time from arrest to compressions and defibrillation [3].
However, the quality of OHCA management in pre-hospital and in-
hospital settings varies according to the time of day [4]. Patients' biolog-
ical differences, emergencymedical services (EMS) and in-hospital per-
sonnel fatigue, staffing and operational factors, variation in the quality
of cardiopulmonary resuscitation (CPR) parameters and response time
likely contribute to the different quality of OHCA management by the
time of day. The impact of time of OHCA occurrence has been exten-
sively evaluated. A number of studies have demonstrated that there
was a significant temporal difference in survival after OHCA and day-
time OHCAwas associated with significantly better resuscitation efforts
R, odds ratio; RR, relative risk;
n; NOS, the Newcastle-Ottawa
omated external defibrillators;
tive pulmonary disease.

.

than nighttime OHCA, such as themore prehospital return of spontane-
ous circulation (ROSC) and higher 1-month survival [5-7]. There are also
some studies, however, that failed to demonstrate a temporal difference
in survival [8,9].

Results from a single study may have been underpowered to detect
statistically significant differences and there is no systematic review to
assess the available evidence on the relationship between temporal var-
iations and prognosis of OHCA. A better understanding of the relation-
ship between temporal variations and prognosis after OHCA may be
important in improving prevention and treatment strategies for in-
creasing patient survival of OHCA. If there was indeed an increased
risk of death for patients with nighttime OHCA, this might reflect differ-
ences in quality of care and would have important implications for
health-care providers and health-care policy makers. The purpose of
the current investigation is to compare the survival of patients with
OHCA during nighttime and daytime.

2. Methods

2.1. Data sources and searches

We searched PubMed and Embase databases from inception
through June 20, 2018, to identify all articles assessing the relationship
between nighttime and prognosis for patients with OHCA, using the fol-
lowing keywords: out of hospital cardiac arrest, out of hospital heart ar-
rest, temporal, nighttime, night, daytime and day. No publication type
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and language restrictionswere applied. In addition, the reference lists of
identified studies and the relevant review articles were checked manu-
ally to include other potentially eligible papers.
2.2. Study selection

Two investigators independently deleted duplicate records,
screened all titles and abstracts of publications and excluded articles
notmeeting the inclusion criteria. In case of uncertainty, the full-text ar-
ticle was obtained to identify eligibility. Disagreements were resolved
through consultation with a third author. Published studies meeting
the following criteria were included: (1) Adult patients aged 18 years
and older years who suffered an OHCA; (2) Studies that evaluated the
association between nighttime OHCA and prognosis regardless of the
different definition of nighttime; (3) Eligible studies had to report
short-term mortality or survival (1-month, in-hospital or ICU survival/
mortality), with adjustment for confounding factors. (4) We only in-
cluded the origin studies, in which the definition of daytime and night-
time has been done by authors according to their EMS. We excluded
studies that did not provide an adjusted odds ratio (OR) or relative
risk (RR) and 95% confidence interval (CI).
2.3. Data abstraction

Using a pre-defined standardized data extraction form, two authors
independently extracted data in a blinded fashion from eligible studies.
Collected data included the following: first author, publication year,
study type, country, the definition of nighttime, outcome measures,
study quality or risk of bias, and study results including a number of pa-
tients in each group, survival in each group, and adjusted OR for survival
with corresponding 95%CI.
2.4. Quality assessment (risk of bias)

The Newcastle-Ottawa Scale (NOS) was used to evaluate the selec-
tion, comparability, and outcome of observational studies included in
our meta-analysis. The maximum score a study can receive is nine,
with higher scores representing better study design. Five or fewer
points indicated poor quality [10]. The quality assessment was not con-
ducted for articles published as abstracts, due to the lack of information.
2.5. Data analysis

In our current meta-analysis, we pooled individual study data (ad-
justed OR and 95%CI), performed the meta-analysis by means of a ran-
dom effects model, and reported the pooled OR for survival with
corresponding 95% CI. For the purpose of this meta-analysis, the ad-
justed OR in the individual study was calculated with nighttime OHCA
as the reference. If a study reported the adjusted OR and CI calculated
with daytime OHCA as the reference or a study presented the pooled
OR and CI for mortality instead of survival, we took the inverse of both
the OR and the CI to make the combination of data consistent. If a
study reported the adjusted RR and CI, the RRs were transformed into
ORs using the formula OR = (1- Po) RR/(1- Po × RR), in which Po is
the incidence of the outcome of interest in the reference group [11].
Heterogeneity between studies was measured by the chi-squared
test and quantified with I2 statistic. I2values of 0–24.9%,
25–49.9%,50–74.9%, and 75–100% were considered as none, low, mod-
erate, and high thresholds for statistical heterogeneity. Sensitivity anal-
yses were performed to explore the influence of a single study on the
overall pooled estimate by omitting one study at a time. All statistical
analysis was performed using Stata (version12.0, Stata Corporation,
USA), and a P value b0.05 was considered statistically significant.
3. Results

3.1. Search and selection

The initial search yielded 671potentially articles. After removing du-
plicates and screening the titles and abstracts, 33 articles were poten-
tially eligible and were reviewed in full text. Three studies assessed
survival to hospital discharge based on working hours versus off-
hours were excluded [12-14]. Two studies were excluded because
they divided the hours of the day into four-time blocks (00:00–05:59,
06:00–11:59, 12:00–17:59 and 18:00–23:59) instead of daytime versus
nighttime [15,16]. One study was excluded because they did not pro-
vide an adjusted OR or RR [17]. One study was also excluded because
they included OHCA patients whowere under 18 years of age [18].Wal-
lace et al. performed a retrospective study to evaluate the association
between time of day and 30-day survival after OHCA. The adjusted RR
in the studywas transformed into OR and the studywasfinally included
in our currentmeta-analysis [5]. Ultimately, 8 studies thatmet our eligi-
bility criteria were included in our meta-analysis [5-9,19-21]. The de-
tails of study selection and exclusion at each stage of review are
shown in Fig. 1.

3.2. Characteristics of studies

The eight included studies were published between 2011 and 2018.
Seven were published in peer-reviewed journals and one as conference
abstract [8]. Furthermore, seven were retrospective observational stud-
ies and one was a prospective observational study [7]. Six studies re-
ported 1-month survival and two studies reported in-hospital
mortality among the included studies [9,19]. Time of day was divided
into two time periods (daytime and nighttime) in five studies
[5,8,9,20,21],while patientswere assigned to three categories according
to the time of OHCA (daytime, evening and nighttime) in the other
three studies [6,7,19].

The main characteristics, and bias and quality assessments of the
studies included in this meta-analysis are presented in Table 1. The
Newcastle-Ottawa scale was used to assess the quality of seven studies
and the remaining one study could not be assessed since it was only in
abstract form [8]. Among the seven studies, five studies scored 7 points
and two studies scored 6 points. The main reasons for the loss of scores
in the quality assessment were lack of representativeness of the sample
population and the comparability of baseline characteristics between
cohorts.

3.3. Meta-analysis

Eight studies (a total of 214,001 patients) evaluated daytime/night-
time OHCA were included in our pooled analysis (Table 2). Compared
with nighttime, the daytime OHCA patients had higher 1-month/in-
hospital survival (OR, 1.25; 95% CI, 1.15–1.37; P= 0.00), with high het-
erogeneity among the studies (I2 = 82.8%, P = 0.00) (Fig. 2).We con-
ducted sensitivity analysis by omitting one study at a time, generating
the pooled estimates and comparing with the original estimates. Omit-
ting any one of eight studies had no dramatic influence on the original
pooled ORs with newly pooled OR ranging from 1.20 (95%CI,
1.12–1.29; I2 = 73.5%) to 1.29 (95% CI 1.17–1.41; I2 = 82.6%).

To further explore possible reasons for a high statistical heterogene-
ity and verify the robustness of our results, we conducted a post hoc
subgroup analysis stratifying studies according to the number of time
periods that time of day was divided into (two time periods(daytime
and nighttime) versus three time periods (daytime, evening and night-
time)). The daytime OHCA patients were associated with a significant
increase in 1-month/in-hospital survival in both subgroups. The ad-
justed OR of 1-month/in-hospital survival in two time periods subgroup
and three time periods subgroup was 1.16 (95% CI, 1.09–1.25; I2 =
72.7%) and 1.60 (95% CI, 1.17–2.19; I2 = 86%), respectively (Fig. 3).



Fig. 1. Study flow diagram.
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4. Discussion

To our knowledge, this article reports the first meta-analysis of ob-
servational studies of the association between temporal differences
and clinical outcomes of patients with OHCA. We found evidence of a
1.25-fold increase in the adjusted odds of 1-month/in-hospital survival
in persons with daytime OHCA when compared with nighttime OHCA.
The results of this meta-analysis, however, should be interpreted with
caution because of significant heterogeneity among studies and a
small number of studies included.

The main finding of our meta-analysis seems to support the view
that outcomes from cardiac arrest which occurs at night have worse
outcomes. The results of the sensitivity analysis and subgroup analyses
did not draw different conclusions, indicating that ourmain findingwas
robust. It is widely accepted that less bystander-witnessed arrest, less
shockable heart rhythm, late and less bystander resuscitation (by-
stander automated external defibrillators (AED) and CPR), longer time
from 9-1-1 call received to EMS arrival at scene, private arrest location
and other survival-related risk factors during night significantly de-
creased resuscitation efforts and led to a lower prehospital ROSC and
Table 1
The main characteristics of the studies included in the meta-analysis

Study/year Dates Country Study type

Koike/2011 2005–2008 Japan Retrospective cohort
Bagai/2013 2005–2010 America Retrospective cohort
Wallace/2013 2008–2012 America Retrospective cohort
Karlsson/2014 2001–2010 Denmark Retrospective cohort
Matsuyama/2016 2005–2012 Japan Retrospective cohort
Matsumura/2016 2012–2013 Japan Prospective cohort
Schriefl/2017 2013–2015 Vienna Retrospective cohort
Couper/2018 2003–2015 Britain Retrospective cohort

NA: not available, NOS: The Newcastle-Ottawa Scale.
a Patients were assigned to three categories according to the time of OHCA in the origin stu
survival in patients with OHCA compared to daytime. In our meta-
analysis, however, we noticed that the survival also remained lower at
night even if we pooled the adjusted ORs, which adjusting for
survival-related risk factorsmentioned above. Remarkably, the adjusted
factors were mostly arrest event and pre-hospital care factors. More-
over, Karlsson et al. found that 30-day and 1-year survival was also sig-
nificantly lower in patients with nighttime OHCA compared to the
patients with daytime OHCA when limiting the analysis to patients ar-
riving at the hospital with ROSC [6]. In addition to arrest event and
pre-hospital care factors, therefore, other unadjusted factors may also
be responsible for lower survival at night, such as patients' comorbidity
and hospital-based care.

Three recent studies found that most of the comorbidity conditions
were associated with increased mortality in patients with OHCA, such
as renal disease, diabetes with/without complications, metastatic carci-
noma, chronic obstructive pulmonary disease (COPD), asthma, heart
failure, cerebrovascular disease and peripheral vascular disease
[9,22,23]. Furthermore, a previous prospective population-based cohort
study (The Rotterdam study) also revealed that COPD was significantly
associated with an increased risk of dying due to sudden cardiac death
Nighttime definition Outcome Quality assessment (NOS)

17:00 PM- 08:59 AM 1-month survival High quality (6 points)
23:01 PM-07:00 AMa in-hospital survival High quality (7 points)
20:00 PM-07:59 AM 1-month survival High quality (7 points)
23:00 PM-06-59 AMa 1-month survival High quality (7 points)
17:00 PM-09:00 AM 1-month survival High quality (7 points)
23:00 PM-07:00 AMa 1-month survival High quality (7 points)
19:00 PM-07:00 AM 1-month survival NA
20:00 PM-08:00 AM in-hospital survival High quality (6 points)

dy: daytime, evening and nighttime.



Table 2
Number of patients and survival percentage per group, adjusted OR with 95% CI and possible confounding factors

Study/year Total No.
(survival,%)

Day No.
(survival,%)

Night No.
(survival,%)

Adjusted
OR (95% CI)

Possible confounding factors

Koike/2011 106,577
(8.8)

42,546
(10.2)

64,031
(7.9)

1.26
(1.22–1.31)

Gender, age, bystander CPR, public AED use, Arrest presenting rhythm, adrenaline, and
call-to-hospital admission interval.

Bagai/2013 18,588
(10.1)

7503
(10.8)

4202 (7.1) 1.23
(1.06–1.43)

Age, sex, race, first monitored cardiac rhythm, witness status, layperson resuscitation, and EMS
response time.

Wallace/2013 4789
(9.92)

2827
(10.9)

1962
(8.56)

1.11
(1.02–1.21)

Age, sex, race, presenting rhythm, field termination status, total duration of call, time interval from
dispatch to arrival at the scene, AED application by a bystander or first responder, bystander CPR
performance, and location of the arrest

Karlsson/2014 18,929
(7.8)

8280 (7.8) 3893 (3.1) 2.08
(1.61–2.63)

Age, sex, year, initial rhythm, civil status, location, witnessed status, bystander CPR, AED, time
interval and some basic diseases.

Matsuyama/2016 44,474
(NA)

15,798
(NA)

28,676
(NA)

1.18
(1.11–1.26)

Age, sex, good activities of daily living, location, aetiology of arrest, bystander witness, bystander
CPR, and first documented rhythm.

Matsumura/2016 13,780
(7.6)

5474 (7.6) 2970 (4.9) 1.66
(1.34–2.07)

Age, sex, witness status, bystander CPR, call response interval, and initial shockable rhythm

Schriefl/2017 1817 (NA) NA NA 1.06
(0.77–1.47)

Age, sex, initial rhythm, arrest location, witness status, layperson resuscitation and EMS response
time

Couper/2018 5047 (NA) 3399 (NA) 1648 (NA) 1.09
(0.99–1.20)

Many clinically relevant predictor variables as possible. Such as age, sex, cardiac arrest location,
arrest presenting rhythm, etc.

NA: not available, OR: odds ratio. CPR: cardiopulmonary resuscitation, AED: automated external defibrillators, EMS: emergency medical services.
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(HR 1.34, 95% CI 1.06–1.70) [24]. In our current meta-analysis, only one
study compared patients' comorbidities and found that nighttime pa-
tients were more associated with a history of COPD [6]. Therefore, the
poor prognosis of patients at nightmay bepartly due tomore comorbid-
ities in nighttime patients. However, there are only limited studies com-
paring patients' baseline comorbidities difference between day and
night. Knowingwhether survival difference caused byunmodifiable fac-
tors is important for health-care providers and policymakers, so further
exploration of the effect of pre-arrest comorbidities difference between
day and night on the survival of OHCA may be warranted.

Approximately a quarter of patients successfully resuscitated
from OHCA and admitted to hospital [25]. The level of post-
resuscitation treatment provision has been presuming to be related
to prognosis [26]. Matsumura et al. found that there are significantly
reduced resuscitation efforts (less in-hospital intubation and blood
Fig. 2. Forest plot showing the adjusted effect of daytime versus nightti
gas analysis) by in-hospital healthcare providers during the night-
time compared with daytime [7]. Accordingly, a difference in terms
of the level of hospital-based care between day and night may also
be responsible for the temporal difference in survival after OHCA. A
recent systematic review found no association between in-hospital
nighttime intensivist staffing and intensive care unit mortality [27].
The study, however, included mixed intensive care unit populations
included medical and surgical patients. Further study is needed to
determine the effect of nighttime intensivist staffing on OHCA pa-
tient populations. Furthermore, heavy workload during shifts and
in-hospital personnel fatigue at night may strongly influence pa-
tients' outcome. Since this information was not available, it remains
a matter of speculation.

Future studies should pay more attention to the following points.
First, it is necessary to determine to whether pre-arrest comorbidities
me OHCA on 1-month/in-hospital survival. CI confidence interval.



Fig. 3. Forest plot showing subgroup analysis stratifying studies according to the number of time periods that time of daywas divided into (two time periods versus three time periods). CI
confidence interval.
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difference betweenday and night can affect patients' outcome. Thismay
be feasible if future studies provide a more detailed description of pa-
tients' comorbidities. Second, future studies should continue to explore
the relationship between hospital-based care in ICU and/or general
wards during daytime and nighttime and patient outcomes, such as
patients to doctor/nurse ratios, workload (such as the turnover of pa-
tients), and the frequency of post-resuscitation care (such as ventilatory
support, percutaneous coronary intervention capability, vasopressor
medications and blood gas analysis). Finally, further studies also should
focus on EMS and in-hospital personnel fatigue at night by filling out
relevant questionnaires.

Statistical heterogeneity was high in our study. Subgroup analyses
also showed high heterogeneity in both subgroups (I2 = 72.7% in two
time periods subgroup, I2 = 86.0% in three time periods subgroup).
The high heterogeneitymay have resulted from (1) different definitions
were used for nighttime. Among the eight studies included, time of day
was divided into two time periods (daytime versus nighttime) in five
studies and the definition of nighttime differ between studies. While
in the other three studies, patients were assigned to three categories
(daytime versus evening versus nighttime) in three studies and night-
time was roughly defined as 23:00 PM-07:00 AM. Although inconsis-
tent, investigators may differ in nighttime definitions on account of
differences inwhat time services change in their EMS. Varied definitions
of nighttime may lead to methodological heterogeneity among the in-
cluded studies. (2) the heterogeneous study population. Koike et al.
only included OHCA patients who were witnessed by bystanders [20].
Couper et al. included exclusively adult patients who had a first OHCA
attributable to the acute coronary syndrome and who admitted to hos-
pital following successful resuscitation [9]. (3) different study setting.
There is no doubt that the quality of medical care systems and available
health resources differ between countries and regions. As the number of
studies includedwas small, we did not perform subgroup analysis based
on different study setting. Different research populations and settings
among studies may lead to clinical heterogeneity.

Our study has several potential limitations that need to be consid-
ered. First, studies included in the analysis were all observational stud-
ies because there is no way to randomize day versus nighttime care.
Meta-analysis of observational studies cannot avoid undetected biases
and confounding factors inherent in the original studies though we
sought to control for bias by systematically assessing study quality. Sec-
ond, there was significant statistical heterogeneity among studies and a
small number of studies included. The sensitivity analysis and subgroup
analyses did not clarify the source of the heterogeneity observed in this
study, which may affect the validity of our results and limit the general
application of our findings.

5. Conclusion

In conclusion, the currentmeta-analysis indicated that patients who
experienced OHCA during the nighttime had lower survival than those
with daytime OHCA. In addition to arrest event and pre-hospital care
factors, patients' comorbidity and hospital-based care may also be re-
sponsible for lower survival at night.
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