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Background-—The effect of holiday season admission for stroke on mortality has not been investigated. Thus, we aimed to evaluate
whether “holiday season” and “weekend” effects exist on mortality risk for stroke admission.

Methods and Results-—A nationwide cohort study was conducted using Taiwan’s National Health Insurance Research Database.
We identified all patients admitted for stroke between 2011 and 2015 in Taiwan, and categorized them according to the admission
date: holiday season (at least 4 days off) (n=3908), weekend (n=13 774), and weekday (n=49 045). We analyzed in-hospital, 7-
day, and 30-day mortality using multivariable logistic regression, adjusting for stroke severity and other confounders. Compared
with weekday admissions, holiday season admission for stroke was significantly associated with a 20%, 33%, and 21% increase in
in-hospital, 7-day, and 30-day mortality, respectively. Compared with weekend admissions, holiday season admissions were
associated with a 24%, 30%, and 22% increased risk of in-hospital, 7-day, and 30-day mortality, respectively. However, mortality did
not differ significantly between weekend and weekday admissions. Subanalyses after stratification for age, sex, and stroke type
also revealed similar trends.

Conclusions-—We report for the first time a “holiday season effect” on stroke mortality. Patients admitted during holiday seasons
had higher mortality risks than those admitted on weekends and weekdays. This holiday season effect persisted even after
adjusting for stroke severity and other important confounders. These findings highlight the need for healthcare delivery systems
with a consistent quality of round-the-clock care for patients admitted for stroke. ( J Am Heart Assoc. 2019;8:e011888. DOI: 10.
1161/JAHA.118.011888.)
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S troke is one of the leading causes of death and disability
worldwide.1 Previous studies have shown that hospital

admission for stroke over the weekends, compared with that
on weekdays, is associated with a higher mortality rate. This is
called the “weekend effect” of stroke.2–4 However, contro-
versy still exists about the extent of this effect, whether it may
reflect disparities in levels of staffing, availability of diagnostic
tests or interventions, or access to emergency treatment for
stroke between weekends and weekdays, and whether it

exists at all.5–8 Some authors have argued that the phe-
nomenon of the weekend effect found in stroke patients is
probably caused by differences in disease severity between
those admitted on weekends and weekdays.5,9

The scarcity of healthcare resources, especially staff, is
much more pronounced during holiday seasons. This aspect
may strongly influence the quality of the care provided and
consequently patient prognosis. However, although previous
studies have examined and discussed the weekend effect on
stroke prognosis,2–9 studies evaluating a “holiday season
effect” on mortality risk after stroke admission are still lacking,
despite the considerable potential implications on public health.

In Taiwan, the annual holiday season for celebrating the
Chinese New Year includes at least 4 days (from New Year’s
Eve to the third day of New Year) every January or February.
Using the Chinese New Year holidays as an indicator of
holiday season, we conducted a nationwide study to evaluate
whether “holiday season” and “weekend” may affect the
mortality risk for stroke admission in our Taiwanese cohort.
We conducted an exhaustive investigation controlling for
stroke severity and other potential confounders, overcoming
the criticism associated with previous studies on the topic.
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Methods
The data set used in this study belongs to the Taiwan Ministry
of Health and Welfare and thus is not available. However,
researchers interested in accessing this data set can submit a
formal request application to the Ministry of Health and
Welfare (Taiwan Ministry of Health and Welfare, No. 488, Sec.
6, Zhongxiao E. Rd., Nangang Dist., Taipei City 115, Taiwan;
phone: +886-2-8590-6825; e-mail: stcarolwu@mohw.gov.tw;
website: https://dep.mohw.gov.tw/DOS/cp-2516-3591-113.
html). All relevant data are within the article.

Data Sources
We conducted a nationwide cohort study to investigate the
relationship between admission date and mortality risk in
patients admitted for stroke, by retrieving data from Taiwan’s
National Health Insurance Research Database (NHIRD). The
National Health Insurance (NHI) program in Taiwan is a
mandatory single-payer program administered by the govern-
ment and implemented since 1995. The NHI provides
compulsory universal health insurance and covers compre-
hensive medical services, including outpatient, inpatient, and
emergency services.10 More than 99% of Taiwan’s population
is enrolled, and 97% of hospitals and clinics in Taiwan are
contracted with NHI program. Taiwan’s NHIRD is an admin-
istrative database containing medical records for research
purposes, and is maintained by and made available through
the Health and Welfare Data Science Center, Ministry of
Health and Welfare, Taiwan. The NHIRD integrates detailed
healthcare data from about 25 million enrollees, represent-
ing the Taiwan’s entire population.11 High quality of the
information provided has been shown for prescription use,
diagnoses, and hospitalizations.12 The Tzu Chi General
Hospital Research Ethics Committee approved this study

(IRB106-106-C), and the need for informed consent was
waived.

Study Cohort
Our study cohort included all adult patients, aged ≥20 years,
who were admitted to acute care hospitals with a diagnosis of
stroke in January and February each year, between 2011 and
2015, in Taiwan. The diagnosis of stroke was identified using
the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) codes 433, 434, and 436 (for
ischemic stroke) and 430 to 432 (for hemorrhagic stroke).
The diagnostic codes of stroke have been previously validated
and shown to present high accuracy.13–15 We defined the
index date and hospitalization as the dates of stroke diagnosis
and the corresponding hospitalization, respectively.

The admissions were categorized into 3 study groups
based on the admission date: holiday season, weekend, and
weekday admission groups. In this study, we used the
Chinese New Year holidays as a reference for a holiday
season period. This period typically includes at least 4 days
each year during January or February, possibly extended if it
encounters a Saturday and Sunday. The exact dates of the
Chinese New Year holidays in each year were extracted
according to Taiwan’s national public holiday list. The
weekend admission group was defined as admissions for
stroke on Saturday and Sunday; the weekday group were
defined as admissions on Monday through Friday, except
during the period of Chinese New Year holidays. To reduce
the influence of seasonal differences on disease and
mortality rates, we excluded the admissions from March to
December and included only the admissions happening in
January and February for the weekend and weekday
admissions.

Outcome Measures
We focused on 3 primary outcomes, including the all-cause in-
hospital mortality and the all-cause mortality within 7 and
30 days. We obtained the patient vital status by combining
information from the NHIRD with the National Register of
Deaths in Taiwan. The in-hospital mortality was defined as
death occurring during the index hospitalization; the 7- and
30-day mortality was defined as death occurring within 7 and
30 days after the index date, respectively. To examine
whether both holiday season and weekend admissions may
have an impact on mortality, we initially compared the
mortality risk among our 3 study groups, using the weekday
admission as the reference. Further, to evaluate whether the
mortality risk differed between holiday season and weekend
admissions, we directly compared these 2 groups, defining
the weekend admission as the reference. Subgroup analyses

Clinical Perspective

What Is New?

• We report for the first time a “holiday season effect” on
stroke mortality: patients admitted for stroke during holiday
seasons had higher in-hospital, 7-day, and 30-day mortality
risks than those admitted on weekends and weekdays.

• Even after adjusting for stroke severity and other important
confounders, the holiday season effect was observed.

What Are the Clinical Implications?

• Our findings highlight the urgent need of establishing
healthcare delivery systems that provide a consistent
quality of round-the-clock care for patients admitted for
stroke.
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after stratification for age, sex, and stroke type (ischemic or
hemorrhagic) were further conducted.

Covariates and Estimation of Stroke Severity
The baseline characteristics and clinical details for all included
cases were obtained from ICD-9-CM and procedure codes from
the reimbursement claims of outpatient, inpatient, and emer-
gency services. We defined preexisting comorbidity as disease
diagnosed at least 1 time in an inpatient or 2 times in an
outpatient service, within the year before the index date. We
also calculated the Charlson comorbidity index, widely used to
represent an individual’s overall systemic health status and
highly correlated with mortality risk, based on each patient’s
records.16 Individuals’ income was estimated from the income-
related NHI premiums and categorized into 3 levels (New Taiwan
dollars ≥40 000, 20 000–39 999, and <20 000). Hospitals for
stroke admission were categorized into 3 levels according to
their accreditation level (medical center, regional, or district). To
eliminate the possible confounding effects associated with
differences in stroke severity between different admission
times,5,9 we determined several stroke severity proxies and
accounted for them in our analyses. We calculated the claims-
based stroke severity index (SSI) to estimate the National
Institutes of Health Stroke Scale (NIHSS) for each stroke
inpatient. The claims-based SSI was specifically developed to
deal with the lack of reliable stroke severity status information
when using claims-based data from NHIRD.17 The SSI has been
validated previously and showed high correlationwith theNIHSS
and, consequently, functional outcomes after stroke.17–19 After
obtainingSSI for each stroke inpatient, theestimatedNIHSSwas
then calculated from the SSI using the formula developed by
Hsieh et al (estimatedNIHSS=1.17229SSI�0.7533), to predict
stroke severity and neurologic deficit.20 The detailed description
for how to calculate the SSI and the estimated NIHSS can be
found elsewhere.17,20 In addition, other stroke severity proxies,
such as diagnosis codes for hemiplegia and aphasia, operation/
procedure codes for mechanical ventilation use, hospitalization
in the intensive care unit, and head surgery, were retrieved from
the records of the index hospitalization. Information on the use
of intravenous thrombolysis was also retrieved.

Because the Charlson comorbidity index and some
comorbidities were possibly collinear, potentially influencing
results of the multivariable regression models, we further
performed 2 sensitivity analyses, which did not include either
the Charlson comorbidity index or the comorbidities in the
regression models.

Statistical Analysis
We calculated the odds ratios and the respective 95% CIs for
in-hospital, 7-day, and 30-day mortality in logistic regression

models. The multivariable logistic regression model was
performed, with adjustment for all covariates listed in Table 1.
Interaction tests were performed for age, sex, and stroke type
subgroups. A 2-sided probability value of <0.05 was consid-
ered statistically significant. Statistical analysis was per-
formed using SAS 9.4 software (SAS Institute, Inc., Cary, NC).

Results

Patient Characteristics
We identified a total of 66 727 admissions for stroke in
January and February between 2011 and 2015 in Taiwan.
There were 3908 stroke patients admitted over the holiday
season, 13 774 admitted on weekends, and 49 045 admitted
on weekdays. The baseline characteristics of each of the
study groups are shown in Table 1. The median duration of
hospital stay in our study population was 9 days (interquartile
range=14 days); the median time from admission to in-
hospital death was 6 days (interquartile range=12 days) in
patients who died during hospitalization.

Mortality Risks
Holiday season admission for stroke was associated with
increased risk of mortality when compared with weekday
admission in both the univariate and the multivariable analyses
(adjusting for stroke severity and other relevant patient
characteristics listed in Table 1). The holiday season admission
group presented a 20% increased risk of in-hospital mortality
(adjusted odds ratio [aOR], 1.20; 95%CI, 1.06–1.36; P=0.004), a
33% increased risk of 7-day mortality (aOR, 1.33; 95% CI, 1.15–
1.54; P<0.001), and a 21% increased risk of 30-day mortality
(aOR, 1.21; 95% CI, 1.08–1.36; P=0.001), when compared with
that of the weekday admission group (Table 2).

Although patients admitted on weekends revealed signifi-
cantly highermortality risks than those admitted onweekdays in
the univariate models, this weekend effect was not evident after
adjusting for stroke severity and other patient characteristics in
the multivariable logistic regression models (in-hospital mortal-
ity: aOR, 0.97; 95% CI, 0.90–1.05; P=0.497; 7-day mortality:
aOR, 1.02; 95% CI, 0.93–1.12; P=0.681; 30-day mortality: aOR,
0.99; 95% CI, 0.93–1.07; P=0.876) (Table 2).

The 2 sensitivity analyses, which did not include either the
Charlson comorbidity index or comorbidities in the multi-
variable regression models, revealed similar results.

Comparison Between Holiday Season and
Weekend Admissions
In the univariate analysis, holiday season admission was
associated with significantly higher mortality risk than
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Table 1. Baseline Characteristics of Patients Admitted During the Holiday Season, Weekends, and Weekdays

Holiday Season (n=3908) Weekends (n=13 774) Weekdays (n=49 045)

Age, y

<40 86 (2.2%) 303 (2.2%) 1327 (2.7%)

40–59 871 (22.3%) 2947 (21.4%) 10 717 (21.8%)

60–79 1853 (47.4%) 6695 (48.6%) 23 289 (47.5%)

≥80 1098 (28.1%) 3829 (27.8%) 13 712 (28.0%)

Sex

Male 2364 (60.5%) 8181 (59.4%) 29 619 (60.4%)

Female 1544 (39.5%) 5593 (40.6%) 19 426 (39.6%)

Charlson comorbidity index score

0–2 2644 (67.7%) 8896 (64.6%) 30 755 (62.7%)

3–5 951 (24.3%) 3652 (26.5%) 13 692 (27.9%)

≥6 313 (8.0%) 1226 (8.9%) 4598 (9.4%)

Comorbidities

Hypertension 2175 (55.7%) 7869 (57.1%) 28 541 (58.2%)

Diabetes mellitus 1175 (30.1%) 4254 (30.9%) 15 618 (31.8%)

COPD 438 (11.2%) 1618 (11.8%) 6172 (12.6%)

Heart failure 297 (7.6%) 1052 (7.6%) 3612 (7.4%)

Coronary artery disease 606 (15.5%) 2396 (17.4%) 8436 (17.2%)

Chronic kidney disease 313 (8.0%) 1306 (9.5%) 4451 (9.1%)

Chronic liver disease 209 (5.4%) 785 (5.7%) 2757 (5.6%)

Dementia 250 (6.4%) 862 (6.3%) 3311 (6.8%)

Malignancy 247 (6.3%) 1008 (7.3%) 3541 (7.2%)

Income level (NTD)

<20 000 1259 (32.2%) 4548 (33.0%) 16 200 (33.1%)

20 000–39 999 2101 (53.8%) 7365 (53.5%) 25 969 (52.9%)

≥40 000 548 (14.0%) 1861 (13.5%) 6876 (14.0%)

Hospital level

Level 1 (medical center) 1476 (37.8%) 5032 (36.5%) 16 517 (33.7%)

Level 2 (regional hospital) 1897 (48.5%) 6455 (46.9%) 22 610 (46.1%)

Level 3 (district hospital) 535 (13.7%) 2287 (16.6%) 9918 (20.2%)

Stroke type

Ischemic stroke 2768 (70.8%) 10 020 (72.7%) 36 316 (74.0%)

Hemorrhagic stroke 1140 (29.2%) 3754 (27.3%) 12 729 (26.0%)

Stroke severity proxies

Estimated NIHSS 11.57�7.52 11.33�7.41 10.80�7.05

Head surgery 333 (8.5%) 1079 (7.8%) 3150 (6.4%)

Aphasia 79 (2.0%) 241 (1.8%) 1029 (2.1%)

Hemiplegia 493 (12.6%) 1724 (12.5%) 6283 (12.8%)

ICU utilization 1461 (37.4%) 5008 (36.4%) 15 102 (30.8%)

Mechanical ventilation 800 (20.5%) 2599 (18.9%) 8118 (16.6%)

Intravenous thrombolysis 104 (2.7%) 305 (2.2%) 895 (1.8%)

Categorical variables between groups were compared using chi-square tests. COPD indicates chronic obstructive pulmonary disease; ICU, intensive care unit; NIHSS, National Institutes of
Health Stroke Scale; NTD, New Taiwan dollars.
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weekend admission. This effect persisted after adjusting for
stroke severity and other patient characteristics. Holiday
season admission was significantly associated with a 24%
(aOR, 1.24; 95% CI, 1.08–1.42; P=0.002), 30% (aOR, 1.30;
95% CI, 1.11–1.53; P=0.001), and 22% (aOR, 1.22; 95% CI,
1.07–1.38; P=0.003) increased risk of in-hospital, 7-day, and
30-day mortality, respectively, when compared with that of
weekend admission (Table 3).

Subanalyses After Stratification for Age, Sex, and
Stroke Type
The subanalyses including stratification for age, sex, and
stroke type revealed similar trends regarding the effect of
holiday season admission. Although a few of the comparisons
did not reach statistical significance, probably because of the
decreased case numbers included in each group comparison
after dividing the study’s population into subgroups, holiday
season admission still appeared to be associated with higher
mortality than weekday admission, regardless of the sub-
groups (Table 4). In contrast, no difference in mortality risk
between those patients admitted on weekends and weekdays
was observed in the subanalyses after stratification (Table 4).
Overall, the interaction tests for all age, sex, and stroke type
subgroups did not reveal significant interactions in the
analyses of the holiday season effect. The interaction tests
for subgroups in the analyses of the weekend effect revealed
similar results (Table 4).

Discussion
In this nationwide cohort study, we found that admissions for
stroke during a holiday season were associated with
increased mortality risk, when compared with that of both
weekend and weekday admissions. Importantly, this effect
was still evident after adjusting for stroke severity and other
important confounders. To the best of our knowledge, our
study is the first to report this phenomenon of “holiday
season admission” effect on stroke mortality, an effect that
seems to be more pronounced than the previously reported
weekend effect and is unlikely to be driven by well-known
confounders.

The existence of the so-called weekend effect, although
reported in >1 study, has been under intense discussion. This
study is one of a few studies aiming to replicate the weekend
effect for stroke admissions taking into account stroke
severity.7–9,21–23 Although we could find evidence for a
weekend effect in our univariate analysis, this effect disap-
peared after controlling for stroke severity and other
confounders. Part of the previous criticism arose from the
fact that most studies did not control for or consider theTa
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stroke severity during their analyses.2,4,24–27 Indeed, a few
studies adjusting for a stroke severity scale or similar proxies
found a much smaller or even absence of effect.7–9,21–23 Our
study also revealed negative results after adjusting for
important confounders such as stroke severity, supporting
the hypothesis that this weekend effect may in fact be more
of a statistical artifact rather than a true epidemiologic
association. However, we note that a previous large-scale
cohort study reported that stroke mortality is still higher for
weekend admissions when compared with that of weekday
admissions, even after adjustment for stroke severity and
other important clinical factors.3 The discrepancy between
that study and ours may be related to differences in the
healthcare system and hospital setting organization between
different countries or regions. In Taiwan, the healthcare
system is known for good accessibility, comprehensive
coverage, short waiting times, low cost, and high quality.10,28

In many clinical settings, such as emergency medicine
departments and intensive care units, the differences in
human and medical resources between normal weekends and
weekdays are minimal and, in fact, most physicians do not
take Saturday off routinely in Taiwan. This makes weekend
resources much more like those of weekdays and is likely to
explain why we did not observe the weekend effect in our
Taiwanese cohort.

On the other hand, stroke patients admitted during the
Chinese New Year holiday season had a higher mortality risk
even after adjusting for stroke severity and other con-
founders. Interestingly, this effect is associated with much
higher mortalities than those typically reported for the
“weekend effect” (our study reported about a 30% increase
in 7-day mortality, when compared with that of admissions
during both weekends and weekdays). The causes underlying
this holiday season effect remain elusive but are likely to be
related to decreases in healthcare resources. In many clinical
settings, health resources are particularly scarce during
holiday periods, such as the Chinese New Year holiday
season. As Christmas is to Western countries, so is Chinese
New Year to Taiwan, as it is the time when families reunite.
Particularly evident is the fact that medical staff are not as

available as during periods with normal working hours. Further
complicating this scenario, compared with weekends, these
holiday season periods last much longer (at least 4 consec-
utive days) and are accompanied by a more significant
decrease in the availability of medical staff. Unlike the typical
weekends that physicians do not routinely take Saturday off in
Taiwan as mentioned above, during Chinese New Year holiday,
the medical staff including doctors are usually divided into 2
teams that take turns for having the holiday season off. These
prolonged holiday periods, with decreased staffing levels and
resources, and increased duty time of personnel (especially
physicians), may influence the quality of care. In addition,
human factors such as the physical and mental condition of
the medical staff, who are fewer in number and have
increased levels of sleep deprivation and fatigue due to the
longer working hours and higher intensity of work, should be
considered. Taken together, these factors may negatively
impact the quality of the care provided and result in poorer
outcomes for patients admitted in the holiday season.
Another possible reason underlying the holiday season effect
is the difference in disease severity. Our analyses for weekend
admission found that the effect for increased mortality
disappeared after controlling for stroke severity and other
confounders, which suggests that our models can effectively
consider major confounding factors in this issue. Although the
effect size of the holiday season seemed to be mildly
attenuated after adjusting for such confounders, the holiday
season effect was still evident and significant. This implied
that, rather than only disease severity, other important factors
causing the holiday season effect remained, such as those
discussed above.

Stroke, as one of the leading causes of death worldwide, is
a high prevalence and incidence disease that requires
hospitalization. Based on the high mortality rates of stroke
patients observed in our study (6.8% and 4.6% of 7-day
mortality for holiday season and weekday admissions,
respectively), we can calculate that the absolute increased
7-day mortality risk for holiday season admission was 2.2%,
when compared with that of weekday admissions. Thus, the
estimated number needed to harm was about 45, which

Table 3. Comparison of Mortality Risks Between Patients Admitted for Stroke on the Holiday Season and Weekends

Holiday Season (n=3908) Weekends (n=13 774)

No. (%) of
Deaths Crude OR (95% CI) P Value aOR* (95% CI) P Value

No. (%) of
Deaths

Crude OR
(95% CI) P Value

aOR*
(95% CI) P Value

In-hospital mortality 412 (10.5) 1.21 (1.07–1.36) 0.002 1.24 (1.08–1.42) 0.002 1224 (8.9) 1.00 Ref. 1.00 Ref.

7-d mortality 265 (6.8) 1.30 (1.12–1.50) <0.001 1.30 (1.11–1.53) 0.001 730 (5.3) 1.00 Ref. 1.00 Ref.

30-d mortality 464 (11.8) 1.19 (1.07–1.33) 0.002 1.22 (1.07–1.38) 0.003 1398 (10.2) 1.00 Ref. 1.00 Ref.

aOR indicates adjusted odds ratio; OR, odds ratio; Ref., reference group.
*aOR was calculated using multivariable logistic regression model with adjustments for the stroke severity and other characteristics listed in Table 1.
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indicates that 1 extra death within 7 days after stroke
admission would occur for every 45 stroke admissions during
this holiday season. Moreover, the estimated number needed
to harm for 30-day mortality was up to 38. In other words, if
the holiday season effect can be eliminated, 1 extra death
within 30 days after stroke could be avoided for every 38
stroke admissions during holiday seasons. Since almost every
country or region has its own national holiday season, not
only the Chinese New Year holidays in Taiwan, the holiday

season effect is likely to exist in other countries as well. The
public health implications of this finding are substantial, and
we call attention to the need for improving the healthcare
delivery system to improve prognosis of stroke patients
admitted during these periods. Further studies identifying the
exact underlying causes are urgently needed. These studies
may help to define and implement strategies to assure
consistent quality of care can be provided to stroke patients,
regardless of the period of admission.

Table 4. Subgroup Analyses for Mortality Risks Among Patients Admitted for Stroke on the Holiday Season and Weekends,
Compared With Weekdays, After Stratification for Age, Sex, and Stroke Type

Holiday Season Weekends

aOR* (95% CI) P Value P for Interaction aOR* (95% CI) P Value P for Interaction

In-hospital mortality

Age subgroup 0.099 0.072

<65 y 1.41 (1.13–1.74) 0.002 1.09 (0.95–1.25) 0.233

≥65 y 1.11 (0.95–1.30) 0.199 0.93 (0.85–1.02) 0.131

Sex subgroup 0.717 0.403

Male 1.16 (0.98–1.38) 0.089 1.00 (0.90–1.11) 0.982

Female 1.24 (1.03–1.49) 0.027 0.94 (0.81–1.08) 0.354

Stroke type 0.625 0.170

Ischemic 1.12 (0.93–1.35) 0.217 0.89 (0.80–1.01) 0.052

Hemorrhagic 1.27 (1.07–1.51) 0.007 1.06 (0.95–1.18) 0.272

7-d mortality

Age subgroup 0.186 0.244

<65 y 1.53 (1.20–1.95) 0.001 1.12 (0.95–1.32) 0.181

≥65 y 1.24 (1.04–1.49) 0.020 0.98 (0.88–1.10) 0.752

Sex subgroup 0.911 0.086

Male 1.33 (1.09–1.62) 0.004 1.10 (0.97–1.24) 0.146

Female 1.31 (1.06–1.64) 0.015 0.94 (0.81–1.08) 0.354

Stroke type 0.536 0.957

Ischemic 1.35 (1.08–1.69) 0.008 0.99 (0.85–1.14) 0.835

Hemorrhagic 1.31 (1.08–1.59) 0.006 1.06 (0.94–1.20) 0.372

30-d mortality

Age subgroup 0.136 0.006

<65 y 1.39 (1.13–1.71) 0.002 1.17 (1.03–1.34) 0.020

≥65 y 1.17 (1.02–1.34) 0.025 0.94 (0.86–1.02) 0.128

Sex subgroup 0.947 0.125

Male 1.21 (1.03–1.41) 0.020 1.05 (0.95–1.15) 0.360

Female 1.20 (1.01–1.43) 0.040 0.94 (0.84–1.05) 0.245

Stroke type 0.837 0.176

Ischemic 1.22 (1.04–1.42) 0.015 0.93 (0.84–1.03) 0.149

Hemorrhagic 1.25 (1.06–1.48) 0.010 1.08 (0.97–1.20) 0.171

The aOR of mortality was calculated using the weekday admission as reference group. aOR indicates adjusted odds ratio.
*aOR was calculated using multivariable logistic regression model with adjustments for the stroke severity and other characteristics listed in Table 1.
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This is the first study suggesting that patients with stroke
admitted during a holiday season face a higher mortality risk.
The main strength of our study is in its sample size and the
richness of the data set gathered in terms of clinical
information. Indeed, we opted for a nationwide study design,
which covered all eligible patients in the entire Taiwan
population. In addition, data on our study’s outcome, mortal-
ity, were acquired using the Taiwan’s National Register of
Deaths, which is considered to be the most accurate source
for retrieving mortality data.

Some limitations of this study should be acknowledged.
First, similar to other studies based on administrative health
data,2–4,8,9,24,27 we could not access some detailed clinical
information (such as lifestyle, alcohol consumption, smoking
status, individual’s mood, physical and psychiatric status,
disability status, and image/laboratory examination reports).
We could not retrieve information about access to resources
and could not confirm the exact mechanisms beyond the
observed holiday season effect. The information on quality of
stroke management also could not be obtained directly from
the claims-based data set. In addition, although the associa-
tion between air quality and stroke incidence and mortality
was reported previously,29 air quality data was not accessible
in our database. Thus, unmeasured or unknown confounders
may still be present and may have biased our estimates.
Second, previous available data have indicated that there is
variation in the distribution of etiologic subtypes of stroke
across ethnicities, which may be attributed to both genetic and
environmental factors.30 Thus, similar to other nontransna-
tional studies, the results of this present study on an Asian
population may not be directly generalizable to other ethnic-
ities, and further studies evaluating the effect among different
countries or ethnicities are still needed. Third, patient stroke
severity was not directly accessed and was estimated using
the claims-based data in the present study. Although previous
studies have calculated the SSI to estimate the NIHSS using
Taiwan’s NHIRD (which showed a high correlation with the
actual NIHSS) and, consequently, functional outcomes after
stroke,17–20 bias might still exist. Fourth, we could not obtain
data on time from stroke onset to stroke diagnosis in the
claims database, and thus we could not further adjust for this
factor in the analyses. Finally, all information for personal
identification was encrypted before we could access the
database, and only deidentified data could be accessed.
Therefore, we were not able to evaluating patients directly for
confirming the accuracy of diagnosis. However, the patients
who developed stroke were only identified as such if they were
hospitalized for stroke. The diagnostic codes for stroke,13–15

as well as for many other diseases,31–34 in the NHIRD have
been validated in previous studies. However, further studies
that can directly evaluate individual data confirming the
diagnostic codes are needed.

Conclusions
In this nationwide cohort study with a large sample, we found
that patients admitted for stroke during holiday seasons
present higher mortality risks than those admitted on
weekends and weekdays. The findings persisted even after
adjusting for stroke severity and other possible confounders.
Further studies identifying the causes underlying this epi-
demiologic effect are urgently needed. Our findings highlight
the urgent need of establishing healthcare delivery systems
that provide consistent quality of round-the-clock care for
patients admitted for stroke.
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