
476          Journal of Hospital Medicine    Vol 13  |  No 7  |  July 2018 An Offi cial Publication of the Society of Hospital Medicine

ORIGINAL RESEARCH

Mortality, Length of Stay, and Cost of Weekend Admissions 

Stephanie Q. Ko, MBBS, MPH1,2*, Jordan B. Strom, MD1, Changyu Shen, PhD1, Robert W. Yeh, MD, MBA, MSc1

1Richard A. and Susan F. Smith Center for Outcomes Research in Cardiology, Beth Israel Deaconess Medical Center, Harvard Medical School, 
Boston, Massachusetts; 2National University Hospital, Singapore.

The “weekend effect” refers to the association be-
tween weekend hospital admissions and poorer 
outcomes, such as higher mortality rates. Analysis of 
National Health Service claims data from the United 

Kingdom suggested a 10% increase in 30-day mortality in pa-
tients admitted on Saturdays and 15% in patients admitted on 
Sundays,1 leading to the push for a 7-day work week and in-
voking controversial changes in their junior doctor (residency) 
working contract. Studies in the United States highlighting dif-
ferences in outcomes for patients admitted on weekends com-
pared to weekdays have mostly focused on specifi c diagnoses 
and results have been variable. Few have gone on to look at 
the association of weekend hospital admissions on cost2,3 and 
length of stay3 but results are overall inconclusive. Some have 
suggested that such poorer outcomes for patients admitted 
on weekends are due to reduced staffi ng and delayed proce-
dures on weekends compared to weekdays, although this has 
been debated.4 The lack of consensus has made it diffi cult for 

hospitals to plan if and how to expand weekend manpower or 
services.

In the United States, increase in mortality rate for patients 
admitted on weekends has been demonstrated for a range 
of diagnoses, including pulmonary embolism,5 intracerebral 
hemorrhage,6 upper gastrointestinal hemorrhage,7,8 ruptured 
aortic aneurysm,9 heart failure,10 and acute kidney injury.11 How-
ever, other diagnoses such as atrial fl utter or fi brillation,2 hip 
fractures,12 ischemic stroke,13 and esophageal variceal hemor-
rhage,14 show no difference in mortality between weekday and 
weekend admissions. Yet, other conditions such as myocardial 
infarction15,16 and subarachnoid hemorrhage17,18 have multiple 
studies with confl icting results. None of these studies have 
comprehensively looked at the effect of weekend admissions 
across all diagnoses nor compared the effect size between 
common diagnoses in the United States using the same risk 
adjustment. Reporting of differences in length of stay and cost 
is also rare. 

We postulated that the weekend admissions are associated 
with increased mortality and length of stay, but that the effect 
would be heterogeneous between different diagnosis groups. 
Using a large nationally representative inpatient database, we 
investigated the association between weekend versus week-
day admissions on in-hospital mortality, length of stay, and cost 
for acute hospitalizations in the United States. We performed 
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 BACKGROUND: Apparent increase in mortality associated 
with being admitted to hospital on a weekend compared 
to weekdays has led to controversial policy changes 
to weekend staffi ng in the United Kingdom. Studies in 
the United States have been inconclusive and diagnosis 
specifi c, and whether to implement such changes is 
subject to ongoing debate. 

OBJECTIVE: To compare mortality, length of stay, and cost 
between patients admitted on weekdays and weekends.

DESIGN: Retrospective cohort study.

SETTING: National Inpatient Sample, an administrative 
claims database of a 20% stratifi ed sample of discharges 
from all hospitals participating in the Healthcare Cost and 
Utilization Project. 

PATIENTS: Adult patients who were emergently admitted 
from 2012 to 2014. 

INTERVENTION: The primary predictor was whether the 
admission was on a weekday or weekend. 

MEASUREMENT: The primary outcome was in-hospital 

mortality and secondary outcomes were length of stay 
and cost.

RESULTS: We included 13,505,396 patients in our study. 
After adjusting for demographics and disease severity, 
we found a small difference in inpatient mortality rates on 
weekends versus weekdays (odds ratio [OR] 1.029; 95% 
confi dence interval [CI], 1.020-1.039; P < .001). There was a 
statistically signifi cant but clinically small decrease in length 
of stay (2.24%; 95% CI, 2.16-2.33; P < .001) and cost (1.14%; 
95% CI, 1.05-1.24; P < .001) of weekend admissions. A 
subgroup analysis of the most common weekend diagnoses 
showed substantial heterogeneity between diagnoses. 

CONCLUSIONS: Differences in mortality of weekend 
admissions may be attributed to underlying differences in 
patient characteristics and severity of illness and is subject 
to large between-diagnoses heterogeneity. Increasing 
weekend services may not result in desired reduction 
in inpatient mortality rate.  Journal of Hospital Medicine 
2018;13:476-481. Published online fi rst January 25, 2018. 
© 2018 Society of Hospital Medicine
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subgroup analyses of the top 20 diagnoses to determine which 
diagnoses, if any, should be targeted for expanded weekend 
manpower or services. 

METHODS
Data Sources
We used information from the National Inpatient Sample (NIS) 
database for this study,19 which is the largest all-payer inpatient 
healthcare database in the United States. It contains admin-
istrative claims information on a 20% stratifi ed sample of dis-
charges from all hospitals participating in the Healthcare Cost 
and Utilization Project (HCUP), which includes over 90% of hos-
pitals and 95% of discharges in the country. The NIS contains 
clinical and nonclinical data elements, including diagnoses, 
severity and comorbidity measures, demographics, admission 
characteristics, and charges. 

Study Patients
The study included all patients who were 18 years or older and 
were admitted to hospitals participating in HCUP from 2012 to 
2014. Elective or planned admissions were excluded from this 
study because of the anticipated degree of unmeasured con-
founding that would be present between patients electively 
admitted on weekends compared to weekdays. 

Study Variables
The primary exposure variable was admission on weekends 
(defi ned as Friday midnight to Sunday midnight) compared to 
the rest of the week. The primary outcome variable was in-hos-
pital mortality. The secondary outcome variables were length 
of stay (measured in integer days) and cost. Length of stay was 
compared only using only patients who survived the hospital 
admission to eliminate the effect of death in shortening the 
length of stay. Cost was calculated by using charges available 
in the NIS and multiplied by the accompanying cost-to-charge 
ratios. Charges refl ect total amount that hospitals billed for 
services but do not refl ect how much these services actually 
cost. The HCUP cost-to-charge ratios are hospital-specifi c data 
based on hospital accounting reports collected by the Centers 
for Medicare & Medicaid Services.19 

Covariates included age, sex, race, income, payer, presence or 
absence of comorbidities as defi ned by the Elixhauser comorbidi-
ty index,20 risk of mortality, and severity of illness scores as defi ned 
by the 3M Health Information Systems.21 Mortality risk and sever-
ity of illness groups are defi ned by using a proprietary iterative 
process developed by 3M Health Information Systems using In-
ternational Classifi cation of Diseases, 9th Revision-Clinical Modi-
fi cation (ICD-9-CM) principal and secondary diagnosis codes and 
procedure codes, age, sex, and discharge disposition, evaluated 
with historical data.21 Severity of illness refers to the extent of phys-
iologic decompensation or loss of function of an organ system, 
whereas risk of mortality refers to the likelihood of dying. 

Statistical Analysis
We compared patient characteristics and other covariates 
between patients emergently admitted on weekends and 

TABLE 1. Baseline Demographics of Weekday and 
Weekend Admissions

Demographics
Weekday

(n = 10,242,614)
Weekend

(n = 3,262,782)

Age, median [IQR] 61 [43,76] 61 [43,77]

Sex

   Male

   Female

43.3%

56.7%

44.0%

56.0%

Race

   White

   Black

   Hispanic

   Asian or Pacifi c Islander

   Native American

   Other

67.3%

15.9%

10.7%

2.5%

0.6%

3.0%

67.3%

17.0%

10.8%

2.5%

0.7%

2.9%

Income

   1st quartile

   2nd quartile

   3rd quartile

   4th quartile

31.0%

26.3%

23.2%

19.6%

31.0%

26.3%

23.2%

19.5%

Payer

   Medicare

   Medicaid

   Private insurance

   Self-pay

   No charge

   Other

49.8%

16.6%

24.0%

5.8%

0.6%

3.1%

50.1%

16.3%

23.4%

6.5%

0.6%

3.0%

Risk of Mortality

   Minor likelihood of dying

   Moderate likelihood of dying

   Major likelihood of dying

   Extreme likelihood of dying

44.7%

28.2%

20.2%

7.0%

43.9%

27.9%

20.5%

7.7%

Severity of illness

   Minor loss of function

   Moderate loss of function

   Major loss of function 

   Extreme loss of function

22.8%

40.0%

29.1%

8.1%

22.3%

40.0%

29.0%

8.7%

Total number of comorbidities

   0

   1

   2

   3

   ≥4

15.0%

16.2%

18.9%

17.4%

32.5%

14.5%

16.2%

19.1%

17.6%

32.7%

NOTE: Mortality risk and severity of illness groups are defi ned using a proprietary iterative 
process developed by 3M Health Information Systems using ICD-9-CM diagnosis and proce-
dure codes, age, sex and discharge disposition, and further evaluated with historical data.21 
Severity of illness refers to the extent of physiologic decompensation or loss of function of 
an organ system, whereas risk of mortality refers to the likelihood of dying. Abbreviations: 
ICD-9-CM, International Classifi cation of Diseases, 9th Revision-Clinical Modifi cation; IQR, 
interquartile range.
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weekdays. Continuous variables that were not normally 
distributed were either categorized (age, risk of mortality, 
and severity of illness scores) or log-transformed if right 
skewed (length of stay and cost). Categorical data were 
reported as percentages and continuous data as medians 
(interquartile range). We compared the inpatient mortality 
rate between weekend and weekday admissions by using 
χ2 tests. Multivariable logistic regression was used to adjust 
for covariates of age, gender, race, payer, income, risk of 
mortality and severity of illness scores, number of comor-
bidities, and the presence or absence of each of the 29 
comorbidities available in the database to determine an 
adjusted odds ratio (OR), P values, and confi dence inter-
vals (CIs). 

We also compared the length of stay amongst survivors and 
costs between weekend and weekday admissions. Multivari-
able linear regression was applied to the natural log of these 
outcome variables and the coeffi cients exponentiated to de-
termine the difference in length of stay and cost of weekend 
admissions as compared to weekday. Covariates in the model 
were the same as those used for the primary outcome. 

To determine if particular diagnoses had a pronounced 
weekend effect, the above analyses were repeated in sub-
groups of the top 20 most prevalent diagnoses on week-
ends by using the Clinical Classifi cations Software for ICD-9-
CM diagnosis groups. For subgroup analyses, a Bonferroni 
correction was used, so P values of <.0025 were considered 
signifi cant. 

Statistical analyses were performed by using SAS version 9.4 
(SAS Institute Inc, Cary, NC). All regression models were run 
using PROC SURVEYREG for continuous outcomes and PROC 
SURVEYLOGISTIC for binary outcomes to account for the sam-
pling structure of NIS. Two-sided P values of .05 were consid-
ered signifi cant, apart from the Bonferroni correction applied 
to the subgroup analysis. As this study involved publicly avail-
able deidentifi ed data, our study was exempt from institutional 
board review.

RESULTS
Patient Characteristics
We included 13,505,396 patients in our study, 24.2% of whom 
were admitted on weekends. Patients who were admitted on 
weekends tended to be slightly older, more likely to be male, 
more likely to be black, had higher risks of mortality and se-
verity of illness scores and more comorbidities (Table 1). The 
income and payer distribution were similar between weekend 
and weekday admissions.

Mortality 
The crude in-hospital mortality rate was 2.8% for patients ad-
mitted on weekends and 2.5% for patients admitted on week-
days (unadjusted OR, 1.110; 95% CI, 1.105-1.113; P < .0001). 
This relationship was attenuated after adjustment for demo-
graphics, severity, and comorbidities, but remained statistically 
signifi cant (OR 1.029; 95% CI, 1.020-1.039; P < .0001; Table 2), 
which corresponds to an adjusted risk difference of 0.07% in-
crease in mortality of weekend admissions. The OR for mortal-
ity on weekends compared to weekdays was further calculated 
for each of the top 20 diagnoses (Table 3). Out of all the diag-
nosis groups, only 1 (urinary tract infection) had a statistically 
signifi cant P value after Bonferroni correction. We also looked 
separately at patients who were electively admitted—there 
was a highly signifi cant OR of mortality of 1.67 (95% CI, 1.60-
1.74). Patients classifi ed as elective admissions were excluded 
for subsequent analyses. 

Length of Stay
The median length of stay was 3 days in both the weekend and 
weekday group. Patients who survived the hospital admission 
had a 2.24% (95% CI, 2.16%-2.33%) shorter length of stay than 
those admitted on weekdays after adjustment (P < .0001; Ta-
ble 4). Subgroup analyses for the top 20 diagnoses revealed a 
marked heterogeneity in length of stay amongst different di-
agnoses (Table 3), ranging from 8.91% shorter length of stay 
(mood disorders) to 7.14% longer length of stay (nonspecifi c 
chest pain). Diagnoses associated with longer length of stay 
in weekend admissions included acute myocardial infarction 
(3.90% increase in length of stay), acute cerebrovascular dis-
ease (2.15%), cardiac dysrhythmias (1.39%), nonspecifi c chest 
pain (7.14%), biliary tract disease (4.88%), and gastrointestinal 
hemorrhage (1.97%). All other diagnoses groups had a signifi -
cantly shorter length of stay, except for intestinal obstruction 
which showed no signifi cant difference. 

Cost
The median cost was $6609 in the weekday group and $6562 in 
the weekend group. Patients admitted on weekends incurred 
1.14% (95% CI, 1.05%-1.24%) lower costs compared to those 
admitted on weekday after adjustment (P < .0001; Table 4). 
Subgroup analyses showed a side range from 8.0% lower cost 
(mood disorders) to 1.73% higher cost (biliary tract disease; 
Table 3). Fourteen of the 20 top diagnoses were associated 
with a signifi cant decrease in cost of weekend admissions com-
pared to weekdays. Weekend admissions for cerebrovascular 
disease, biliary tract disease, and gastrointestinal hemorrhage 

TABLE 2. Effect of Weekend Admission on Mortality

Mortality Rate Crude Adjusted for Demographics, Severity, and Comorbidities

Weekday
   2.54%

Weekend
2.80%

OR (95% CI)
1.110 (1.105-1.113)

P value
<.0001

OR (95% CI)
1.029 (1.020-1.039)

P value
<.0001

NOTE: Abbreviations: CI, confi dence interval; OR, odds ratio.



An Offi cial Publication of the Society of Hospital Medicine Journal of Hospital Medicine    Vol 13  |  No 7  |  July 2018          479

Mortality of Weekend Admissions   |   Ko et al

were associated with a signifi cant increase in cost of 1.61%, 
1.73%, and 0.92%, respectively.

DISCUSSION 
Our analysis of more than 13 million patients in the NIS showed 
a clinically small difference in overall mortality (OR 1.029), but 
there were no differences in diagnosis-specifi c mortality for 
the 20 most prevalent diagnoses for patients admitted on 
weekends compared to weekdays after adjustment for con-
founders. We also found that there was a large heterogeneity 
between different diagnoses on the effect of being admitted 
on weekdays on length of stay and cost of hospital admission. 

The magnitude of association between weekend admissions 
and mortality in this large administrative database contradicts 
existing literature, which some believe conclusively proves the 
international phenomenon of the weekend effect.22,23 Howev-
er, our results support a minimal increase in odds of death of 
2.9%, with no consistent effect amongst the top 20 diagno-
ses. Only 1 diagnosis group (urinary tract infection) showed 

a statistically signifi cant increase in mortality, which could be 
due to chance. In contrast, the policy-infl uencing paper in the 
United Kingdom reports that patients admitted on Saturdays 
and Sundays have an increased risk of death of 10% and 15%, 
respectively, compared to patients admitted on Wednes-
days.24 They also repeated their measurements on a United 
Health Care Systems database, comprising 254 leading man-
aged care hospitals in the US, over a time period of 3 months 
in 2010, and found a hazard ratio of 1.18 (95% CI, 1.11-1.26). 
Ruiz et al.22 combined almost 3 million medical records from 
28 metropolitan hospitals in 5 different countries in the Glob-
al Comparators Project, including 5 in the United States, and 
showed increased mortality on weekends in all countries, con-
cluding that the weekend effect is a systematic phenomenon. 

There are several possible explanations for differences in 
our fi ndings. Freemantle’s study differed to ours by compar-
ing outcomes of weekends to an index of Wednesday; they 
also found an increased mortality on Mondays and Fridays, 
which could suggest the presence of residual confounding and 

TABLE 3. Subgroup Analysis of Top 20 Diagnoses on Effect of Weekend Admission Mortality, Length of Stay, and Cost

Diagnosis
% of Weekend 

Admissions

Mortality Length of Stay Cost 

OR P value % Increase P value % Increase P value 

Sepsis 6.07 1.00 .68 −1.78 <.0001 −0.98 <.0001

Pneumonia 3.74 1.02 .40 −2.10 <.0001 −0.81 <.0001

Congestive heart failure 3.61 0.99 .77 −2.36 <.0001 −1.55 <.0001

Acute myocardial infarction 2.8 1.04 .06 3.90 <.0001 −0.85 <.0001

COPD and bronchiectasis 2.76 0.99 .70 −1.16 <.0001 −0.50 .0007

Cerebrovascular disease 2.68 1.00 .87 2.15 <.0001 1.61 <.0001

Cardiac dysrhythmias 2.56 1.07 .09 1.39 <.0001 −1.51 <.0001

Mood disorders 2.32 0.81 .61 −8.91 <.0001 −8.00 <.0001

Skin and subcutaneous tissue infection 2.27 0.99 .94 −2.88 <.0001 −1.24 <.0001

Urinary tract infection 2.23 1.09 <.0001 −2.05 <.0001 −0.95 <.0001

Diabetes with complications 2.03 1.04 .55 −2.47 <.0001 −1.45 <.0001

Renal failure 1.91 1.05 .09 −2.82 <.0001 −0.09 .64

Respiratory failure 1.73 1.02 .22 −0.71 .001 −0.13 .55

Nonspecifi c chest pain 1.7 1.01 .95 7.14 <.0001 −0.98 .002

Biliary tract disease 1.64 1.18 .04 4.88 <.0001 1.73 <.0001

Complication of device 1.58 1.01 .78 −1.71 <.0001 −7.46 <.0001

Gastrointestinal hemorrhage 1.57 1.08 .02 1.97 <.0001 0.92 <.0001

Intestinal obstruction 1.52 1.00 .95 0.19 .62 0.01 .98

Complications of care 1.51 0.89 .03 −2.99 <.0001 −4.58 <.0001

Fracture of neck of femur 1.47 0.96 .27 −3.70 <.0001 −0.90 .002

NOTE: Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio. 
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doubt as to whether Wednesday is the ideal control group. A 
further difference is the defi nition of mortality—we looked at 
in-hospital mortality, as compared to 30-day mortality. In addi-
tion, Freemantle’s study included elective admissions. When 
we looked at the effect of weekend admissions on mortality, 
we found a highly signifi cant OR of 1.67, compared to 1.03 
in emergency admissions. We attributed this discrepancy to 
unmeasured confounding, such as preference of physicians or 
difference in classifi cation of elective admissions in different 
hospitals. Because of signifi cant effect modifi cation of elective 
compared to emergency admissions, we decided to restrict 
our analysis to emergency admissions only. This also enabled 
direct associations with potential policy recommendations on 
whether to expand weekend clinical care, which is most rel-
evant to emergency admissions. Finally, the Global Compar-
ators Project only samples a small proportion of hospitals in 
each country, leading to limited generalizability; in addition, 
international comparisons are diffi cult to interpret due to dif-
fering health systems. 

The overall and diagnosis-specifi c difference in length of 
stay was small and of doubtful clinical signifi cance. With an 
adjusted decrease in length of stay in patients admitted on 
weekends of 2.24%, when applied to a median length of stay 
of 3 days, it translates into a 1.7-hour difference in length of 
stay. However, there was striking heterogeneity noted be-
tween diagnoses, with a difference ranging from 8.91% de-
crease in length of stay (mood disorders) to 7.14% increase 
in length of stay (nonspecifi c chest pain), which is likely to 
explain the overall small magnitude of effect. We noted that 
the diagnoses associated with increased length of stay for 
weekend admissions tended to be those requiring inpatient 
procedures or investigations, such as acute myocardial infarc-
tion (3.90% increase), acute cerebrovascular disease (2.15% 
increase), cardiac dysrhythmias (1.39% increase), nonspecifi c 
chest pain (7.14% increase), and biliary tract disease (4.88% 
increase). As hospitals often do not provide certain nonemer-
gent procedures or investigations on weekends, delay in pro-
cedures or investigations may explain the increase in length 
of stay. These include percutaneous coronary intervention or 
stress testing for evaluation of cardiac ischemia and endo-
scopic procedures for biliary tract disease and gastrointes-
tinal hemorrhage. It must, however, be noted in conjunction 
that numerous studies have established higher complica-
tion rates when nonemergent surgeries are performed out 

of hours or on weekends.25-28 Therefore, we suggest further 
studies to compare the effect of weekends on increased 
procedural complications as to any morbidity caused by in-
creased length of stay, which the present dataset was unable 
to capture. Another potential explanation for the hetero-
geneity in length of stay could be the greater availability of 
caregivers to assist with discharge on weekends, such as for 
patients admitted for mood disorders.

Surprisingly, weekend admissions appeared to be less costly 
than weekday admissions overall. Because of the large sample 
size, very minor differences in cost are likely to be statistically 
signifi cant. Indeed, for the absolute difference of 0.45%, given 
a median cost of $6562 on weekends, this only represents a 
cost saving of approximately $30 per patient admission. There 
was also heterogeneity observed amongst the different diag-
nosis groups, and cerebrovascular disease, biliary tract disease 
and gastrointestinal hemorrhage, which were also associated 
with increase length of stay, were associated with an increased 
cost. However, our study is unable to establish causation, and 
differences in staffi ng numbers and reimbursement on week-
ends may confound cost estimates. We propose that further 
studies using hospital databases with greater granularity in 
data are necessary to determine the etiology of cost differenc-
es between weekends and weekdays.

Our study’s key strengths are the large sample size and gen-
eralizability to the US. As a large administrative database, we 
recognize the likelihood of inconsistencies in hospital coding 
for covariates, diagnoses, and charges, which may lead to mis-
classifi cation bias. The NIS defi nition of weekend (Friday mid-
night to Sunday midnight) may differ from other defi nitions of 
weekend; ideally Friday 5 PM to Monday 8 AM may be more clin-
ically representative. This cohort of hospital admissions also 
does not account for the day of presentation to the emergency 
department, but rather only the day that ward admission was 
documented. The variable delays in emergency department, 
for example if emergency departments are busier on week-
ends, leading to delays in ward admission, may confound our 
results. Our exclusion of elective admissions was dependent 
on the administrative coding of elective versus emergency 
admissions, of which the defi nition may differ between hos-
pitals. Finally, despite adjustment on clinical and sociodemo-
graphic covariates, there is a possibility of residual confound-
ing in this retrospective comparison between weekend and 
weekday admissions. 

TABLE 4. Effect of Weekend Admission on Length of Stay and Cost

Median [IQR] Crude Adjusted for Demographics, Severity, and Comorbidities

Weekday Weekend % Increase on Weekends (95% CI) P value % Increase on Weekends (95% CI) P value

Length of stay 3 [2,6] 3 [2,5] −1.72% (−1.82 to −1.62] <.0001 −2.24 (−2.33 to −2.16) <.0001

Cost $6609 
[3974, 11,888]

$6562
[3985, 11,669]

−0.45% (−0.56 to −0.34) .00049 −1.14 (−1.24 to −1.05) <.0001

NOTE: Abbreviations: CI, confi dence interval; IQR, interquartile range.
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CONCLUSION
Our study does not suggest that system-wide policies to in-
crease weekend service coverage will impact mortality, al-
though effects on length of stay and cost are inconclusive. 
Hospitals wishing to improve coverage may consider focusing 
on procedural diagnoses as listed above which may shorten 
length of stay, although the out-of-hours complication rate 
should be carefully monitored. 

Disclosure: The authors declare no confl icts of interest.
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