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Who would have thought that outcomes for elective surgery would differ according to the day

of admission? In this issue of PLOS Medicine, O’Leary and colleagues compare the outcomes

of weekend-admitted patients undergoing surgery with those of weekday-admitted patients

[1]. This study adds to a growing body of literature identifying worse outcomes in patients

according to the timing of admission and/or surgery. O’Leary and colleagues studied the out-

comes of over 1.3 million patient admissions to acute care hospitals in Ontario, Canada, from

2005 to 2015. Admissions without any surgical procedure, or with a cardiac, cardiothoracic,

nonsurgical, or obstetric procedure were excluded. The results indicate that weekend-admitted

surgical patients have a greater risk of 30-day mortality than surgical patients admitted on

weekdays (2.6% versus 2.5%, adjusted OR 1.05; 95% CI, 1.00–1.11). The question arises

whether the weekend effect reported by O’Leary and colleagues results from true differences in

care or is reflective of major differences in baseline patient risk between weekend and weekday

patients.

Distinguishing patient and care effects

Since the weekend effect was first described, many have wondered whether it results from vari-

ation in care or simply differences in the risk profiles of weekend and weekday patients [2–4].

Methods to adequately account for possible confounders between weekend care and patient

outcomes are essential to attribute differences in outcomes to differences in care. Yet, most

studies of the weekend effect have relied on administrative data sources and thus have been

limited to readily available measures of baseline risk, such as age, sex, comorbidity counts, and

previous healthcare usage. These commonly included variables offer little information on

severity of illness, as they are mostly limited to health status prior to the current presentation.

Because of the importance of ensuring equity of care across all days of the week, tools to

untangle patient and care effects are in continuous development. For example, excess risk over

time curves have been used to identify conditions with an early-peaking risk, which could sig-

nal an acute weekend care–related effect. In contrast, a long period of increased risk may be a

marker of a higher risk patient profile [5]. Another approach is to include care process out-

comes, as these offer a plausible mechanism whereby weekend care might lead to greater mor-

tality [6–9]. In a further step, investigators can determine whether adding information on a

process measure weakens the association between the timing of admission and a mortality out-

come. As a recent example, lower rates of early invasive coronary angiography were found to

explain the weekend effect observed in United States patients admitted to hospital for myocar-

dial infarction [10]. Because the procedure occurs after the time of admission, it is plausible

that the delay in procedure may mediate the weekend-outcome relationship. In contrast, if

introducing additional baseline clinical information weakens the weekend-outcome associa-

tion, then it is likely that the measured clinical characteristics are acting as confounders. The
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addition of more detailed clinical information gathered at the time of first presentation (for

example, laboratory test results) has in many cases led to significant weakening, even disap-

pearance, of the observed weekend effect [11–15]. This is because granular clinical information

has often uncovered a greater severity of illness in weekend-admitted patients.

Differential admission patterns are thought to underlie the increased clinical severity of

patients admitted to hospital on weekends [16]. A higher admission threshold on weekends

leads to fewer but sicker weekend patients. One United Kingdom study found that fewer

patients were admitted to hospital on weekends, despite stable emergency department volumes

throughout the week [16]. The weekend-related drop in volume and the observed weekend

effect on mortality are both more pronounced for elective, rather than urgent, admissions

[17]. Overall, it is plausible that the further the weekend admission proportion deviates from

2/7, the greater the likelihood of major differences in weekend- and weekday-admitted patient

characteristics, both measured and unmeasured.

The weekend effect and surgical patients

Patients undergoing surgery on weekends have been found, in some cases, to experience worse

outcomes than those operated on weekdays. Notably, studies of elective procedures have iden-

tified a significant weekend effect (with an odds ratio for mortality on the order of 1.8 or 1.9)

[18,19], yet urgent procedures have demonstrated no such effect [20–22]. This finding is unex-

pected, as elective surgeries, by their planned nature, should be more likely to exhibit consis-

tent outcomes throughout all days of the week. That the inverse occurs suggests a similar

phenomenon to that observed for elective medical admissions. The large drop in elective surgi-

cal admissions and procedures on weekends may be introducing significant bias on the basis

of differences in unmeasured severity of illness.

In the study reported in this issue, O’Leary and colleagues do an excellent job of examining

the relationship between urgency of admission and the weekend effect for surgical patients.

The association between weekend admission and slightly worse outcomes in the overall cohort

can be explained by a large weekend effect for electively admitted patients. This may be greater

for patients who undergo surgery on the weekend (adjusted OR 3.30; 95% CI, 1.98–5.49) than

for those undergoing surgery on a subsequent weekday (adjusted OR 2.70; 95% CI, 1.81–4.03).

In contrast, there was no weekend effect for urgently admitted patients, whether operated on

the weekend (adjusted OR 1.02; 95% CI, 0.95–1.09) or on a subsequent weekday (adjusted OR

1.05; 95% CI, 0.98–1.12).

That electively admitted weekend patients were at risk regardless of the timing of surgery

is noteworthy. For those undergoing surgery on a weekday, the “weekend effect” experi-

enced cannot be attributed to the quality of intra- and post-procedural care. Instead, it is

only the preoperative care that could be reasonably reflective of weekend practices. As the

authors astutely note, patients admitted electively over the weekend for surgery on a week-

day may in fact be admitted for preoperative medical optimization. This would suggest

that they are indeed at higher risk of a poor outcome after surgery, notwithstanding any

optimization.

For elective patients who undergo surgery on the weekend of admission, the increased risk

could reflect the overall quality of care on weekends, for all aspects of pre-, intra-, and postop-

erative care. Alternatively, a weekend surgery in an electively admitted patient may signal that

an elective procedure has now become urgent. One further consideration is that elective

patients admitted on weekends are slightly more urgent than the average weekday elective

patient. Because hospitals and operating rooms have lower occupancy on weekends, shifting

an elective case to the weekend may be one way to shorten wait time for a patient whose
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condition is deteriorating on the wait list. Surgical admissions, although classified in binary

manner as “urgent” or “elective,” may exist on the full spectrum of medical acuity.

The way forward

Previous research has indicated that, in many cases, weekend-admitted patients are sicker than

weekday-admitted patients. Large differences in volumes and outcomes for weekend elective

patients raise the possibility of confounding on the basis of patient risk profiles. The study by

O’Leary and colleagues convincingly demonstrates a large weekend effect for weekend-admit-

ted elective patients who subsequently undergo surgery. However, we need a better under-

standing of how elective weekend patients may be different. Otherwise, any implementation of

widespread staffing or protocol changes would be premature.

References
1. O’Leary JD, Wunsch H, Leo A-M, Levin D, Siddiqui A, Crawford MW. Surgical admission on weekends

and 30-day mortality in Ontario, Canada: a matched cohort study. PLoS Med. 2019. 16:1: e1002731.

https://doi.org/10.1371/journal.pmed.1002731

2. Bell CM, Redelmeier DA. Mortality among patients admitted to hospitals on weekends as compared

with weekdays. N Engl J Med. 2001; 345(9):663–8. Epub 2001/09/08. https://doi.org/10.1056/

NEJMsa003376 PMID: 11547721.

3. Lapointe-Shaw L, Bell CM. It’s not you, it’s me: time to narrow the gap in weekend care. BMJ Qual Saf.

2014; 23(3):180–2. Epub 2013/12/05. https://doi.org/10.1136/bmjqs-2013-002674 PMID: 24299733.

4. Bray BD, Steventon A. What have we learnt after 15 years of research into the ‘weekend effect’? BMJ

Quality & Safety. 2017; 26(8):607–10. https://doi.org/10.1136/bmjqs-2016-005793 PMID: 27903756

5. Concha OP, Gallego B, Hillman K, Delaney GP, Coiera E. Do variations in hospital mortality patterns

after weekend admission reflect reduced quality of care or different patient cohorts? A population-based

study. BMJ Qual Saf. 2014; 23(3):215–22. Epub 2013/10/29. https://doi.org/10.1136/bmjqs-2013-

002218 PMID: 24163392.

6. Magid DJ, Wang Y, Herrin J, McNamara RL, Bradley EH, Curtis JP, et al. Relationship between time of

day, day of week, timeliness of reperfusion, and in-hospital mortality for patients with acute ST-segment

elevation myocardial infarction. JAMA. 2005; 294(7):803–12. Epub 2005/08/18. https://doi.org/10.1001/

jama.294.7.803 PMID: 16106005.

7. Bell CM, Redelmeier DA. Waiting for urgent procedures on the weekend among emergently hospital-

ized patients. Am J Med. 2004; 117(3):175–81. Epub 2004/07/28. https://doi.org/10.1016/j.amjmed.

2004.02.047 PMID: 15276596.

8. Helgeson J, Stromdahl M, Kalaitzakis E. Is there a weekend effect on outcomes in patients with acute

upper gastrointestinal bleeding? Gastroenterology. 2013;(1):S196–S7.

9. Lapointe-Shaw L, Abushomar H, Chen XK, Gapanenko K, Taylor C, Krzyzanowska MK, et al. Care and

Outcomes of Patients With Cancer Admitted to the Hospital on Weekends and Holidays: A Retrospec-

tive Cohort Study. J Natl Compr Canc Netw. 2016; 14(7):867–74. Epub 2016/07/14. PMID: 27407127.

10. Agrawal S, Garg L, Sharma A, Mohananey D, Bhatia N, Singh A, et al. Comparison of Inhospital Mortal-

ity and Frequency of Coronary Angiography on Weekend Versus Weekday Admissions in Patients With

Non-ST-Segment Elevation Acute Myocardial Infarction. Am J Cardiol. 2016; 118(5):632–4. https://dx.

doi.org/10.1016/j.amjcard.2016.06.022 PMID: 27381668.

11. Hsieh CY, Lin HJ, Chen CH, Li CY, Chiu MJ, Sung SF. "Weekend effect" on stroke mortality revisited:

Application of a claims-based stroke severity index in a population-based cohort study. Medicine. 2016;

95(25):e4046. https://dx.doi.org/10.1097/MD.0000000000004046 PMID: 27336904.

12. Anselmi L, Meacock R, Kristensen SR, Doran T, Sutton M. Arrival by ambulance explains variation in

mortality by time of admission: retrospective study of admissions to hospital following emergency

department attendance in England. BMJ Quality & Safety. 2017; 26(8):613–21. https://doi.org/10.1136/

bmjqs-2016-005680 PMID: 27756827

13. Mikulich O, Callaly E, Bennett K, O’Riordan D, Silke B. The increased mortality associated with a week-

end emergency admission is due to increased illness severity and altered case-mix. Acute Med. 2011;

10(4):182–7. Epub 2011/11/24. PMID: 22111090.

14. de Cordova PB. Excess mortality associated with weekend hospital admissions may be due to patient-

level differences, rather than reduced staffing or services. Evid Based Nurs. 2018; 21(2):49. https://dx.

doi.org/10.1136/eb-2017-102779 PMID: 29510981.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002732 January 29, 2019 3 / 4

https://doi.org/10.1371/journal.pmed.1002731
https://doi.org/10.1056/NEJMsa003376
https://doi.org/10.1056/NEJMsa003376
http://www.ncbi.nlm.nih.gov/pubmed/11547721
https://doi.org/10.1136/bmjqs-2013-002674
http://www.ncbi.nlm.nih.gov/pubmed/24299733
https://doi.org/10.1136/bmjqs-2016-005793
http://www.ncbi.nlm.nih.gov/pubmed/27903756
https://doi.org/10.1136/bmjqs-2013-002218
https://doi.org/10.1136/bmjqs-2013-002218
http://www.ncbi.nlm.nih.gov/pubmed/24163392
https://doi.org/10.1001/jama.294.7.803
https://doi.org/10.1001/jama.294.7.803
http://www.ncbi.nlm.nih.gov/pubmed/16106005
https://doi.org/10.1016/j.amjmed.2004.02.047
https://doi.org/10.1016/j.amjmed.2004.02.047
http://www.ncbi.nlm.nih.gov/pubmed/15276596
http://www.ncbi.nlm.nih.gov/pubmed/27407127
https://dx.doi.org/10.1016/j.amjcard.2016.06.022
https://dx.doi.org/10.1016/j.amjcard.2016.06.022
http://www.ncbi.nlm.nih.gov/pubmed/27381668
https://dx.doi.org/10.1097/MD.0000000000004046
http://www.ncbi.nlm.nih.gov/pubmed/27336904
https://doi.org/10.1136/bmjqs-2016-005680
https://doi.org/10.1136/bmjqs-2016-005680
http://www.ncbi.nlm.nih.gov/pubmed/27756827
http://www.ncbi.nlm.nih.gov/pubmed/22111090
https://dx.doi.org/10.1136/eb-2017-102779
https://dx.doi.org/10.1136/eb-2017-102779
http://www.ncbi.nlm.nih.gov/pubmed/29510981
https://doi.org/10.1371/journal.pmed.1002732


15. Wunsch H, Mapstone J, Brady T, Hanks R, Rowan K. Hospital mortality associated with day and time of

admission to intensive care units. Intensive Care Med. 2004; 30(5):895–901. Epub 2004/03/10. https://

doi.org/10.1007/s00134-004-2170-3 PMID: 15007545.

16. Meacock R, Anselmi L, Kristensen SR, Doran T, Sutton M. Higher mortality rates amongst emergency

patients admitted to hospital at weekends reflect a lower probability of admission. J Health Serv Res

Policy. 2017; 22(1):12–9. https://doi.org/10.1177/1355819616649630 PMID: 27255144.

17. Mohammed MA, Sidhu KS, Rudge G, Stevens AJ. Weekend admission to hospital has a higher risk of

death in the elective setting than in the emergency setting: a retrospective database study of national

health service hospitals in England. BMC Health Serv Res. 2012; 12:87. Epub 2012/04/05. https://doi.

org/10.1186/1472-6963-12-87 PMID: 22471933.

18. Aylin P, Alexandrescu R, Jen MH, Mayer EK, Bottle A. Day of week of procedure and 30 day mortality

for elective surgery: retrospective analysis of hospital episode statistics. BMJ. 2013; 346:f2424. Epub

2013/05/30. https://doi.org/10.1136/bmj.f2424 PMID: 23716356.

19. McIsaac DI, Bryson GL, van Walraven C. Elective, major noncardiac surgery on the weekend: a popula-

tion-based cohort study of 30-day mortality.[Erratum appears in Med Care. 2015 Jun;53(6):560]. Med

Care. 2014; 52(6):557–64. https://dx.doi.org/10.1097/MLR.0000000000000137 PMID: 24783992.

20. Busse JW, Bhandari M, Devereaux PJ. The impact of time of admission on major complications and

mortality in patients undergoing emergency trauma surgery. Acta Orthop Scand. 2004; 75(3):333–8.

https://doi.org/10.1080/00016470410001286 PMID: 15260427.

21. McCallum IJ, McLean RC, Dixon S, O’Loughlin P. Retrospective analysis of 30-day mortality for emer-

gency general surgery admissions evaluating the weekend effect. Br J Surg. 2016; 103(11):1557–65.

https://dx.doi.org/10.1002/bjs.10261 PMID: 27517543.

22. Gillies MA, Lone NI, Pearse RM, Haddow C, Smyth L, Parks RW, et al. Effect of day of the week on

short- and long-term mortality after emergency general surgery. Br J Surg. 2017; 104(7):936–45.

https://dx.doi.org/10.1002/bjs.10507 PMID: 28326535.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002732 January 29, 2019 4 / 4

https://doi.org/10.1007/s00134-004-2170-3
https://doi.org/10.1007/s00134-004-2170-3
http://www.ncbi.nlm.nih.gov/pubmed/15007545
https://doi.org/10.1177/1355819616649630
http://www.ncbi.nlm.nih.gov/pubmed/27255144
https://doi.org/10.1186/1472-6963-12-87
https://doi.org/10.1186/1472-6963-12-87
http://www.ncbi.nlm.nih.gov/pubmed/22471933
https://doi.org/10.1136/bmj.f2424
http://www.ncbi.nlm.nih.gov/pubmed/23716356
https://dx.doi.org/10.1097/MLR.0000000000000137
http://www.ncbi.nlm.nih.gov/pubmed/24783992
https://doi.org/10.1080/00016470410001286
http://www.ncbi.nlm.nih.gov/pubmed/15260427
https://dx.doi.org/10.1002/bjs.10261
http://www.ncbi.nlm.nih.gov/pubmed/27517543
https://dx.doi.org/10.1002/bjs.10507
http://www.ncbi.nlm.nih.gov/pubmed/28326535
https://doi.org/10.1371/journal.pmed.1002732

