
Do weekends matter in unraveling the impact of acute temperature exposure on the risk of 
daily mortality?
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Dear Editor,

The “weekend effect” in healthcare refers to the phenomenon where 
patients admitted to hospitals on weekends tend to have worse outcomes 
compared to those admitted on working days, likely due to limited re
sources, more severe cases, and changes in staffing or shifts (Kostis et al., 
2007; Roberts et al., 2015). Time-series analyses investigating temper
ature–mortality relationships in environmental epidemiology typically 
account for day-of-week variations (Gasparrini and Armstrong, 2010). 
However, the potential modifying effect of the weekend remains unex
plored. This study aims to offer insights into the potential impact of 
weekend effect modification on temperature–mortality associations.

We used open-source data sets containing daily counts of all-cause 
mortality (International Classification of Diseases [ICD]− 9 codes 
0–799, ICD-10 codes A00-R99), cardiovascular mortality (ICD-9 codes 
390–459, ICD-10 codes I00-I99), respiratory mortality (ICD-9 codes 
460–519, ICD-10 codes J00-J99) for London (2001–2006), Valencia 
(2001–2007), Chicago (1987–2000), and Baltimore (1987–2000) 
(Tobias et al., 2024b). We estimated city-specific temperature–mortality 
associations using a time-stratified case-crossover design based on 
time-series data using a conditional quasi-Poisson regression model 
combined with distributed lag non-linear model (Tobias et al., 2024a). 
Seasonality, long-term trends, and the day of the week were adjusted via 
time-stratification. This was achieved using a three-way interaction 
between year, month, and day of the week to stratify the time-series. The 
association was modelled using a natural cubic spline with three internal 
knots placed at the 10th, 75th, and 90th percentiles of the temperature 
distribution for the same-day (lag 0) temperature exposure (Tobias 
et al., 2024a). We examined the temperature–mortality association 
separately for working days (Monday to Friday) and weekends (Satur
day and Sunday) and subsequently compared the models across four 
cities. To assess the presence of effect modification by weekends, we 
fitted an all-days model both with and without an interaction term for 
weekends and compared these models using a likelihood ratio test. 
These choices are based on extensive previous work (Tobias et al., 
2024a).

Fig. 1. illustrates the overall cumulative temperature–mortality as
sociations for working days and weekends. The findings indicate that the 
temperature–mortality relationship for respiratory diseases is 

significantly modified by weekend effects in London (interaction P =
0.02) and Baltimore (interaction P = 0.01). Graphical visualization also 
reveals that the effect estimates at cold temperatures in London, and 
across the entire temperature range in Baltimore, are particularly 
influenced. However, this weekend effect appears to vary by study 
location (interaction P = 0.18 in Valencia; P = 0.48 in Chicago) and by 
the type of death (Supplementary Fig. 1 and Fig. 2).

Although the weekend effect has been extensively studied in the 
clinical studies, variations in human behavior patterns between week
ends and working days, particularly in relation to outdoor activities, 
may modulate environmental exposures and thereby influence acute 
mortality risk. In particular, we speculate that on weekends in extreme 
heat or cold, easily increased exposure to respiratory diseases, driven by 
more frequent indoor social gatherings with family and friends in poorly 
ventilated spaces, changes in the types of air pollutants, leading to in a 
higher risk in heat and cold compared to all-cause and cardiovascular 
mortality (Aujesky et al., 2009).Moreover, environmental stressors such 
as air pollutants also differ between weekends and working days, which 
influence mortality risk in certain conditions, leading to varying sus
ceptibility to ambient temperature across different days of the week 
(Jhun et al., 2014; Seguel et al., 2012; Shi et al., 2020; Sicard et al., 
2020). A recent multi-country study found that suicide risk peaked on 
Mondays during working days, with weekend effects varying among 
countries (Lee et al., 2024). Although previous studies have frequently 
reported “U”- or “J”-shaped temperature–mortality relationships, our 
findings exhibited a predominantly J-shaped pattern, characterized by 
elevated risks at high temperatures but a less pronounced effect at lower 
temperatures (Gasparrini et al., 2015). This asymmetry may be attrib
uted to our use of same-day (lag 0) temperature exposure, which cap
tures acute effects of heat but may miss the delayed and cumulative 
impacts associated with cold-related mortality. Nevertheless, the results 
suggest that acute temperature extremes—particularly on weekend
s—may serve as a practical indicator for anticipating increases in 
healthcare demand.

This study has some limitations. First, we stratified the data by 
working days and weekends and considered only same-day temperature 
effects, which may have limited our ability to detect lagged responses, 
particularly for cardiovascular outcomes. Second, we did not adopt a 
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two-stage design—commonly used in environmental epidemiology to 
increase statistical power and account for between-location hetero
geneity—because the observation periods varied across cities (Sera and 
Gasparrini, 2022). This may have limited ability to detect nuanced, 
outcome-specific variations and reduced the generalizability of the 
findings. Future studies should incorporate lag structures and adopt 
two-stage designs across multi-country, multi-city datasets to more 
robustly characterize temperature–mortality associations, including 
potential modification by weekends.

Although further research is needed, our analysis highlights the 
importance of considering weekends in temperature studies as a po
tential effect modifier in temperature studies. From both clinical and 
prevention perspectives, accounting for variations in temperature- 
related mortality between working days and weekends could provide 
valuable insights for designing more targeted public health 
interventions.
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Fig. 1. Association between mean temperature and respiratory mortality on working days (solid blue line) and weekends (dashed red line) in London, Valencia, 
Chicago, and Baltimore. Solid lines represent estimated relative risks on working days, while dashed lines denote estimates for weekends. Shaded regions indicate 95 
% confidence intervals. The interaction P-values for the weekend effect were 0.02, 0.18, 0.48, and 0.01 in London, Valencia, Chicago, and Baltimore, respectively.
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