
T he “weekend effect” has been investigated in 
healthcare settings worldwide,  and controversial 

results have been obtained.  Several research groups 
reported that patients with cardiac,  neurologic,  respi-
ratory neonatal,  or cancer emergencies who were 
admitted to a hospital during the weekend had a higher 
rate of in-hospital mortality compared to patients 
admitted on weekdays [1-7].  These reports suggested 
that hospitals provide routine care on weekdays but on 
weekends the care that is provided is more limited or 
may even involve only emergency/urgent care.  Poor 
outcomes were explained by reduced staffing and the 
nonavailability of examinations [8 , 9].  However,  no 

significant effect of weekend versus weekday admission 
on in-hospital mortality was observed in patients with 
stroke,  severe acute pancreatitis,  or urgent laparo-
scopic cholecystectomy for acute cholecystitis in Japan 
[10-12].

A single-center study conducted at the Cleveland 
Clinic (Ohio,  USA) concerning patients with acute 
myeloid leukemia (AML) indicated that weekend 
admission did not affect patient survival; however,  the 
Clinic’s hospital staffing and diagnostic and procedural 
services were completely functional during weekends 
[13].  Another investigation showed that weekend 
admission increased the mortality rate of patients with 
acute leukemia [14].  Japan’s healthcare system differs 
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from those of the countries where these studies were 
conducted,  and we thus speculated that weekend 
admission for AML symptoms may have different out-
comes in Japan.  We conducted the present study to 
compare the in-hospital mortality rate between patients 
with AML admitted on weekends and those admitted 
on weekdays in Japan.

Materials and Methods

Data sources. We performed a retrospective 
observational study using in-hospital administrative 
data collected by Japan’s Diagnosis Procedure 
Combination (DPC) payment scheme.  The DPC sys-
tem,  which has been implemented in Japan since 2003,  
is a case-mix classification used for reimbursement in 
the Per-Diem Payment System for patients with acute-
phase hospitalization.  The DPC data contain patient 
information such as the most resource-consuming  
disease,  comorbidities at admission,  discharge status,  
and treatment procedures.  The patients’ diagnoses were 
classified based on the International Classification of 
Diseases,  10th revision (ICD-10) codes.  The DPC data 
also provide clinical information regarding the use of 
medical resources,  including admission to a bio-clean 
room,  clinical examinations,  and surgical procedures.

This study was approved by the Ethics Committees 
of Yokohama City Minato Red Cross Hospital (unique 
identifier: 2017-19) and Chiba University (unique 
identifier: 3309).

Study population. The data analyzed for the 
study were gathered from hospitals participating in the 
DPC system.  To select the study population,  we identi-
fied the cases of the patients for whom AML was the 
most resource-consuming diagnosed disease by using 
the ICD-10 codes C920,  C924,  C925,  C930,  C940,  
C942 and who were discharged between April 1,  2014,  
and March 31,  2019.  The additional criteria were: (1) 
age ≥ 40 and < 80 years; (2) hospitalization at an emer-
gency department (i.e.,  unplanned hospitalization);  
and (3) no prior history of hospitalization for AML.  
When a patient had been hospitalized more than once,  
only their first records were included in the analyses,  in 
order to limit our analyses to initial hospitalizations.  
We stratified the eligible patients by day of admission 
into weekday and weekend groups.

Weekend admission. We defined weekdays as 
Monday through Friday and weekends as Saturday,  

Sunday,  Japanese statutory holidays,  and New Year 
week (from December 29 to January 3).

Outcome. The study’s primary outcome was the 
all-cause in-hospital mortality rate in the groups of 
weekend and weekday admissions.

Statistical analyses. The patients’ characteristics 
were compared between those with weekend and week-
day hospital admissions.  Continuous variables are 
expressed as the mean and standard deviation.  The  
differences between weekend and weekday admissions 
were assessed using Wilcoxon’s rank sum test.  
Categorical variables were compared using the χ2-test or 
Fisher’s exact test.  As patient characteristics,  we 
included age,  sex,  admission by ambulance or referral,  
diagnosis,  and comorbidities at admission (e.g.,  dis-
seminated intravascular coagulation [DIC],  sepsis,  and 
stroke).  Teaching hospitals were defined as specialized 
training facilities certified by the Japanese Society of 
Hematology.  Specialized training facilities are required 
to have ≥ 20 beds for hematology,  operate specialized 
outpatient services,  and employ at least one supervi-
sory physician.  In terms of treatment,  admission to a 
hospital’s bio-clean room was identified by the revenue 
code in the DPC system’s medical fee table.

We calculated the unadjusted in-hospital mortality 
rates.  The Kaplan-Meier survival curve was con-
structed,  and the difference between weekend and 
weekday admissions was assessed with the log-rank test.  
For a multivariate analysis,  we applied a Cox regression 
model using the patient characteristics and admission 
to a teaching hospital as adjustment variables.  We also 
performed sub-group analyses based on admission to a 
bio-clean room during hospitalization in order to assess 
the effect of bio-clean room admission during hospital-
ization because hospitals can receive a premium fee for 
a bio-clean room.  A p-value < 0.05 was considered  
significant.

Results

Study patients. A total of 1,340 patients with 
AML from 144 hospitals in Japan met all of the inclu-
sion and exclusion criteria.  Of these,  150 (11%) were 
admitted during a weekend,  and 1,190 (89%) were 
admitted on a weekday.

Table 1 summarizes the patients’ characteristics.  
More than 80% of the patients had been diagnosed with 
acute myeloblastic leukemia,  and approx.  10% of the 
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patients had been diagnosed with acute promyelocytic 
leukemia.  The patients who had been admitted on 
weekends were more frequently admitted via an ambu-
lance compared to those admitted on a weekday.  There 
were no significant between-group differences in sex,  
age,  or comorbidities at admission such as DIC and 
sepsis,  but significant difference in stroke.

In-hospital mortality. The in-hospital mortality 
rate of the patients admitted to the hospital during a 
weekend was 28% (42/150),  and that of the patients 
admitted on a weekday was significantly lower at 17% 
(204/1,190) (p = 0.001).  Figure 1 depicts the in-hospital 
mortality according to the day of the week.  Sunday 
admissions showed the highest mortality,  and among 
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Table 1　 Patients characteristics by weekday and weekend admissions

Weekday n=1,190 Weekend n=150 P-value

Sex: Male 62.4% 55.3% 0.096
Age,  years (Mean±SD) 64.4±10.8 62.5±12.2 0.171
　　40-49 14.1% 22.0%
　　50-59 16.2% 14.7%
　　60-69 30.3% 26.0%
　　70-79 39.4% 37.3%
Diagnosis (ICD10) 0.636
　Acute myeloblastic leukemia (C920) 84.7% 81.3%
　Acute promyelocytic leukemia (C924) 11.4% 14.7%
　Acute myelomonocytic leukemia (C925) 2.0% 3.3%
　Acute monoblastic leukemia (C930) 1.2% 0.7%
　Acute erythroid leukemia (C940) 0.4% -
　Acute megakaryoblast leukemia (C942) 0.3% -
Admission by ambulance 14.1% 36.0% <0.0001
Admission by referral 82.3% 72.7% 0.005
Comorbidities at admission
　　DIC 16.1% 20.0% 0.230
　　Sepsis 9.6% 11.3% 0.496
　　Stroke 0.7% 2.7% 0.036
Admission of teaching hospital 48.7% 54.0% 0.217

DIC,  disseminated intravascular coagulation.
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Fig. 1　 The numbers of admissions and the in-hospital mortality rates for the weekend (n=150 patients) and weekday (n=1,190) admis-
sion groups.



the weekdays Monday tended to show a higher mortal-
ity rate.  Of these in-hospital deaths,  17% (7/42) of the 
weekend-admission deaths and 5% (11/204) of the 
weekday-admission deaths occurred within 24 h after 
admission.

As shown by the Kaplan-Meier curve (Fig. 2),  week-
end admission was associated with a significantly higher 
risk of in-hospital mortality compared to weekday 
admission (p = 0.0008).  After the adjustment for the 
patients’ baseline characteristics and admission to a 
teaching hospital,  the adjusted hazard ratio (HR) for 
in-hospital death in the weekend-admission group was 
1.70 (95% confidence interval [CI]: 1.20-2.40,  p=0.003).

The in-hospital mortality rates of the patients who 
were or were not admitted to a bio-clean room during 

hospitalization are presented in Table 2.  Admission to a 
bio-clean room occurred in 84 of the 150 patients (56%) 
admitted on weekends and in 796 of the 1,190 patients 
(67%) admitted on weekdays (p = 0.008).  As suggested 
by the results of the multivariate Cox model,  weekend 
admission to a bio-clean room was not associated with 
higher in-hospital mortality (adjusted HR 1.26,  95%CI:  
0.65-2.42),  but a corresponding significant association 
was observed in the patients who were not admitted to 
a bio-clean room (adjusted HR 1.62,  95%CI: 1.06-2.48).

Discussion

The results of our analyses demonstrated that the 
in-hospital mortality rate of patients with AML was 

434 Inoue et al. Acta Med.  Okayama　Vol.  79,  No.  6

P-value

Fig. 2　 The Kaplan-Meier curve and hazard ratios for the weekend effect.
＊Adjusted for sex,  age,  diagnosis,  ambulance use,  referral,  disseminated intravascular coagulation (DIC),  sepsis,  stroke,  and admission 
to a teaching hospital.

Table 2　 Subgroup analysis by admission to a bio-clean room during hospitalization

Bio-clean room In hospital mortality
(no. of deaths/no. of patients)

Adjusted HR for
death (95% CI) P-value

Weekday Weekend
Yes 10.6% (84/796) 13.1% (11/84) 1.26 (0.65-2.42) 0.490
No 30.5% (120/394) 47.0% (31/66) 1.62 (1.06-2.48) 0.026

Adjusted for sex,  age,  diagnosis,  ambulance,  referral,  DIC,  sepsis,  stroke and admission of 
teaching hospital.



significantly higher when the patients were admitted to 
the hospital during a weekend compared to when they 
were admitted on a weekday.  To the best of our knowl-
edge,  this is the first study to demonstrate the weekend 
effects of admission for AML in Japan.  We also 
observed that the AML patients who were not treated in 
a bio-clean room showed the weekend effect,  whereas 
no such effect was observed in the patients who were 
treated in a bio-clean room.

We suspect that the reason for this discrepancy in 
mortality rates between patients admitted on weekends 
and weekdays is based on early death (i.e.,  death within 
a few days after admission),  as shown by the Kaplan-
Meier curve.  Moreover,  the in-hospital mortality rate 
within 24 h after admission in the patients admitted on 
weekends was approximately threefold higher than that 
in the patients admitted on weekdays.  We speculate 
that the patients admitted on weekends had more severe 
conditions due to a delayed diagnosis compared to the 
patients admitted on weekdays.  Because of the nature of 
the DPC system’s administrative claims,  the primary 
departments at the patients’ admissions in this study 
were not known,  but if the patients admitted during 
weekends were initially treated by non-hematologists,  
their diagnosis and treatment initiation may have been 
delayed and consequently,  early death occurred for 
those patients because of difficulties in disease manage-
ment.  The disease management at the early phase of 
AML patients’ admission is critical to save these patients.  
Our findings indicate that patients with possible AML 
should be admitted to the appropriate hospital immedi-
ately,  regardless of whether it is a weekend or weekday.

The evidence from other studies regarding weekend 
admissions for patients with AML is inconsistent.  The 
Cleveland Clinic study mentioned in the Introduction 
indicated an absence of weekend effects on patients with 
AML,  which is likely to have been observed because of 
the full staffing and all-day examination systems avail-
able at that clinic,  even on weekends [13].  However,  
another retrospective cohort study showed that patients 
with acute leukemia who were admitted during a week-
end had significantly increased mortality compared to 
those admitted on weekdays,  except at teaching hospi-
tals [14].  In that study,  Parikh et al.  observed that (i) 
patients with weekend admissions were less likely to 
undergo a bone marrow biopsy compared to those with 
weekday admissions,  and (ii) the performance of a bone 
marrow biopsy independently predicted lower in- 

hospital mortality in a multivariable hierarchical 
mixed-effect model [14].  We suspect that a definitive 
diagnosis based on a bone marrow examination that is 
delayed due to insufficient staff resources on weekends 
may have failed to result in immediate chemotherapy.

Two reasons can be considered to explain our pres-
ent findings.  First,  71 (49%) of the hospitals in the 
present study did not admit patients with AML on 
weekends.  These hospitals would not have fully main-
tained service functions to treat patients with AML 
during weekends,  and consequently,  patients would be 
transferred to tertiary-care hospitals.  Moreover,  
patients without a referral may not have been admitted 
to the appropriate hospital for the treatment of AML.  
Such situations are likely to affect patient outcomes,  as 
patients cannot be treated at the nearest hospitals and 
the proper diagnosis and treatment may be delayed 
during the transfer process,  especially for patients 
admitted after arriving by ambulance.

Second,  admission to a bio-clean room occurred 
less frequently among the present patients admitted 
during a weekend.  This may be due to a lack of avail-
able beds,  the absence of management-level staff 
during weekend,  and/or a lack of indications for treat-
ment in a bio-clean room due to too-serious conditions 
of patients admitted during a weekend.  The treatment 
settings for such critically ill patients are important.  
The staff of bio-clean rooms have experience providing 
specialized care for patients with serious hematologic 
disease,  which would influence patients’ outcomes.  
Ensminger et al.  reported that the mortality rates of 
patients admitted to an ICU did not differ between 
those with weekend and weekday admissions [15],  and 
the same result was obtained in our present study.  The 
efficacy of admission to a bio-clean room for the treat-
ment of leukemia has been demonstrated since 1970 
[16].  According to a study by the U.S.  National 
Institutes of Health,  the results of the treatment of leu-
kemia with antibiotics are remarkable when this treat-
ment is performed in biologically clean and aseptic 
conditions that can help extend the patient’s life [16].

The present study has several limitations.  First,  the 
DPC data records diagnoses using ICD-10 coding that 
may not reflect clinical conditions (as opposed to the 
clinical conditions in planned prospective studies).  
Second,  our analyses did not include more detailed 
clinical information such as the severity of the patients’ 
illness,  their medical history,  laboratory findings,  or 
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the length of time from admission to the confirmed 
diagnosis of AML,  due to the analyses’ dependence on 
administrative DPC data.  Moreover,  the mortality data 
were available from the DPC,  but the causes of death 
were not known.  Third,  the study population was com-
prised of only Japanese patients,  and our findings may 
not apply to patients in other countries.  This study is 
apparently the first to investigate the weekend effect on 
patients with AML in Japan,  but given these study lim-
itations,  further research is necessary.

In conclusion.  our analyses revealed that weekend 
admission for patients with AML in Japan was associ-
ated with a significantly higher in-hospital mortality 
rate than weekday admission.  In addition,  the in- 
hospital mortality rate was reduced in the patients who 
were admitted to a bio-clean room.

References

 1.  Bell CM and Redelmeier DA: Mortality among patients admitted to 
hospitals on weekends as compared with weekdays.  N Engl J Med 
(2001) 345: 663-668.

 2.  Kostis WJ,  Demissie K,  Marcella SW,  Shao YH,  Wilson AC,  
Moreyra AE and Myocardial infarction data acquisition system 
(MIDAS 10) study group: Weekend versus weekday admission and 
mortality from myocardial infarction.  N Engl J Med (2007) 356:  
1099-1109.

 3.  Albright KC,  Raman R,  Ernstrom K,  Hallevi H,  Martin-Schild S,  
Meyer BC Meyer DM,  Morales MM,  Grotta JC,  Lyden PD and 
Savitz SI: Can comprehensive stroke centers erase the ʻweekend 
effectʼ? Cerebrovasc Dis (2009) 27: 107-113.

 4.  Saposnik G,  Baibergenova A,  Bayer N and Hachinski V: Weekends:  
a dangerous time for having a stroke? Stroke (2007) 38: 1211-1215.

 5.  Aujesky D,  Jiménez D,  Mor MK,  Geng M,  Fine MJ and Ibrahim 
SA: Weekend versus weekday admission and mortality after acute 
pulmonary embolism.  Circulation (2009) 119: 962-968.

 6.  Mangold WD: Neonatal mortality by the day of the week in the 
1974-75 Arkansas live birth cohort.  Am J Public Health (1981) 71:  
601-605.

 7.  Lapointe-Shaw L,  Abushomar H,  Chen XK,  Gapanenko K,  Taylor C,  
Krzyzanowska MK and Bell CM: Care and outcomes of patients 
with cancer admitted to the Hospital on Weekends and Holidays:  
A retrospective cohort study.  J Natl Compr Canc Netw (2016) 14:  
867-874.

 8.  Hamilton P,  Eschiti VS,  Hernandez K and Neill D: Differences 
between weekend and weekday nurse work environments and 
patient outcomes: a focus group approach to model testing.  J 
Perinat Neonatal Nurs (2007) 21: 331-341.

 9.  Schilling PL,  Campbell DA Jr,  Englesbe MJ and Davis MM: A 
comparison of in-hospital mortality risk conferred by high hospital 
occupancy,  differences in nurse staffing levels,  weekend admis-
sion,  and seasonal influenza.  Med Care (2010) 48: 224-232.

10.  Inoue T and Fushimi K: Weekend versus Weekday Admission and 
In-Hospital Mortality from ischemic Stroke in Japan.  J Stroke 
Cerebrovasc Dis (2015) 24: 2787-2792.

11.  Hamada T,  Yasunaga H,  Nakai Y,  Isayama H,  Matsui H,  Fushimi 
K and Koike K: No weekend effect on outcomes of severe acute 
pancreatitis in Japan: data from the diagnosis procedure combina-
tion database.  J Gastroenterol (2016) 51: 1063-1072.

12.  Yoshioka R,  Tomimaru Y,  Noguchi K,  Noura S,  Imamura H and 
Dono K: The ʻoff-hour effectʼ in urgent laparoscopic cholecystec-
tomy for acute cholecystitis.  Surg Laparosc Endosc Percutan 
Tech (2019) 29: 467-471.

13.  Bejanyan N,  Fu AZ,  Lazaryan A,  Fu R,  Kalaycio M,  Advani A,  
Sobecks R,  Copelan E,  Maciejewski JP and Sekeres M: Impact 
of weekend admissions on quality of care and outcomes in patients 
with acute myeloid leukemia.  Cancer (2010) 116: 3614-3620.

14.  Parikh K,  Shah M,  Mehta D,  Arora S,  Patel N and Liu D: Increased 
mortality among patients with acute leukemia admitted on week-
ends compared to weekdays.  Clin Lymphoma Myeloma Leuk (2017) 
17: e33-e43.

15.  Ensminger SA,  Morales IJ,  Peters SG,  Keegan MT,  Finkielman 
JD,  Lymp JF and Afessa B: The hospital mortality of patients 
admitted to the ICU on weekends.  Chest (2004) 126: 1292-1298.

16.  Xu Z: Theory of biological clean room; in Fundamentals of air 
cleaning technology and its application in cleanrooms,  Xu Z eds,  
Springer Link (2013) pp467-567.

436 Inoue et al. Acta Med.  Okayama　Vol.  79,  No.  6


