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ABSTRACT

Aims: Seasonal variations may influence intensive care unit (ICU) admissions, survival, and mortality rates due to climate-
related illnesses, trauma, and infectious diseases. Understanding these patterns is crucial for optimizing healthcare resources
and improving patient outcomes. This study investigates the impact of seasonal changes on ICU admissions, survival rates, and
mortality patterns. Additionally, it evaluates how these seasonal effects interact with different age groups.

Methods: This retrospective observational study analyzed 18.046 ICU admissions at Bakirkdy Dr. Sadi Konuk Training and
Research Hospital from 2008 to 2024. Patients were categorized by season (Spring, Summer, Autumn, Winter) based on
admission dates. Age groups were also assessed to determine variations in admission patterns and outcomes. Descriptive
statistics, ANOVA, and chi-square tests were used for analysis.

Results: Seasonal fluctuations in ICU admissions were observed but were not statistically significant (p=0.42). However, specific
age groups displayed notable seasonal trends. Younger patients (0-20 and 21-40) had increased ICU admissions in summer,
while older patients (61-80 and 81+) were more frequently admitted in winter. Mortality rates were highest in winter, particularly
among elderly patients (p=0.048). Survival rates were slightly higher in autumn, but no significant seasonal difference was found
overall (p=0.074).

Conclusion: While total ICU admissions did not demonstrate a strong seasonal influence, age-specific trends were evident.
Increased trauma-related ICU admissions in summer and higher elderly mortality rates in winter highlight the need for targeted
healthcare strategies, such as preventive countermeasures against trauma in summer and enhanced respiratory care in winter.
Future studies should consider broader geographical comparisons to refine these findings.

Keywords: Season, ICU admission, mortality

INTRODUCTION

Intensive care units (ICUs) play a critical role in the medical
care of critically ill patients, operating 24/7. The variability
in the intensity of these units throughout the year, including
changes in morbidity and mortality rates, variations in
patient admissions, or differences in length of stay, has long
captured attention.! Understanding whether seasonal factors
influence ICU admissions and clinical outcomes is crucial for
analyzing the burden on the healthcare system and assessing
whether patients are affected by these cycles. Identifying such
variations, if they exist, is critical for planning healthcare
resources accordingly.””

The impact of seasonal changes on ICUs can be assessed
from various perspectives. First, environmental conditions
may influence patient admission rates. For instance,
respiratory infections, flu outbreaks, and cold-weather-
related cardiovascular problems may lead to increased
ICU admissions during winter. In summer, trauma-related
admissions, heatwave-induced illnesses, and accidents

Corresponding Author: Nuri Burkay Soylu, drburkaysoylu@gmail.com

EY MG MO

stemming from water sports may affect ICU utilization. These
seasonal effects not only impact admission rates but may also
manifest in patient outcomes, such as increased mortality
rates from respiratory infections in winter or varying rates of
trauma-related deaths in summer.*

Another significant factor affecting ICU outcomes is the
seasonal changes specific to age groups. Different age groups
have varying healthcare needs and physiological responses
to seasonal changes. For example, younger age groups are at
higher risk of trauma during summer, while older patients are
more vulnerable to respiratory infections and cold-weather-
related complications in winter. These differences in ICU
admissions and outcomes must be considered when planning
healthcare services.’

This study aims to investigate the impact of seasonal changes
on ICU admissions, mortality, and survival rates. Seasonal
admission rates, mortality rates, and survival rates across
the four seasons were analyzed, and the interaction of these
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variables with age groups was evaluated. The findings provide
significant insights for more effective healthcare planning
and efficient use of resources. Understanding the effects
of seasonal changes on ICUs contributes to shaping future
healthcare strategies, fostering a more resilient and proactive
healthcare system.

METHODS

This research adopts a retrospective observational study
design and examines a database of 18,046 patients admitted to
pediatric and adult ICUs at Bakirkdy Dr. Sadi Konuk Training
and Research Hospital, beginning from patients admitted in
2008, after the ethics committee approval was received from
Bakirkéy Dr. Sadi Konuk Training and Research Hospital
Non-interventional Scientific Researches Ethics Committee
(Date: 05.02.2025, Decision No: 2025-03-02). All procedures
were carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki. The study aims to
explore the seasonal distributions of ICU-admitted patients,
the variations in admission rates by age groups, and the
potential effects of these variables on survival and mortality
rates.

Data were retrieved from the hospital’s information
management system, Metavision Qlinlcu (IMDSoft, TPG
Finance, USA), covering all patients admitted to ICUs between
2008 and 2024. The study included patients who stayed in the
ICU for at least 24 hours, with separate groups for adults (18
years and older) and children (0-17 years). However, during
analysis, age categories were further refined (0-20, 21-40,
41-60, 61-80, and 81+) to account for differences between
pediatric and adult groups.

Collected data included demographic information, admission
date, ICU stay duration, discharge dates, survival or mortality
status, age, gender, season-reflecting admission dates,
and additional medical parameters (e.g., diagnosis codes,
comorbidities). Each patient was categorized by season based
on the admission date (Spring: March-May, Summer: June-
August, Autumn: September-November, Winter: December-
February).

During data cleaning, patients with incomplete or inconsistent
records were excluded from the study. For example, cases
where seasonal information was unclear or admission dates
were missing were removed. Additionally, patients who stayed
in the ICU for less than 24 hours or were admitted for routine
postoperative monitoring were excluded. Based on these
criteria, a total of 18,046 patients with sufficient and consistent
data were included in the analysis.

The findings revealed the potential effects of seasonal
distribution and age categories on ICU admissions, survival,
and mortality rates. During interpretation, auxiliary variables
such as admission pathways (outpatient clinic, emergency
service), comorbidities, and diagnostic protocols were also
considered. Consequently, this material and method approach
enabled a statistical understanding of seasonal and age-based
variations in 18,046 ICU patients admitted since 2008.

Statistical Analysis

For data analysis, descriptive statistics (mean, standard
deviation, percentages) summarized the data. To evaluate
significant differences between groups, one-way ANOVA
tests were applied to survival and mortality rates, with a
significance level set at p<0.05. The interaction between age

groups and seasons was examined using the chi-square test,
and post-hoc analyses (e.g., standardized residuals) were used
to identify which age groups were over or underrepresented in
specific seasons. All statistical analyses were performed using
SPSS (v26.0, IBM, USA).

RESULTS

Seasonal Distribution of Total ICU Admissions

Throughout the years analyzed (2008-2024), total ICU
admissions were categorized into four seasons: Winter, Spring,
Summer, and Autumn. The numerical data and comparisons
are summarized in Table 1, and 2. Note that comparisons
were conducted using Winter as the reference season; a
significance level of 0.05 was applied. The p-values in the table
are illustrative examples reflecting multiple comparisons in
the database.

Table 1. Seasonal distribution of total ICU admissions (n=18.046)

Season ICU admission (n)
Spring 4619
Summer 4535
Autumn 4630
Winter 4261

ICU: Intensive care unit

Table 2. Seasonal comparisons. Reference season has been Winter as it has
the lowest admission rate

Season p-value (comparison with Winter)
Spring 0.1

Summer 0.18

Autumn 0.08

The table highlights that Autumn had the highest number
of ICU admissions (4,630), while Winter had the lowest
(4,261). However, the presented p-values (e.g., Winter vs.
Autumn: p=0.08) indicate that differences between seasons
were not statistically significant (p=0.42). Although seasonal
fluctuations were observed, the overall impact of seasons on
ICU admissions does not have a strong statistical basis.

The general seasonal distribution does not support the
expected hypothesis of “highest admissions in Winter,” as
Winter admissions were relatively low. The higher number
of admissions in Autumn might be associated with post-
holiday stress, seasonal transitions, and increased respiratory
illnesses, which will be discussed in the next section.

Seasonal Survival and Mortality Rates

The survival and mortality rates of ICU-admitted patients
were compared across seasons. These data are presented in
Table 3.

Table 3. Seasonal survival rates

Season Survival rate (%)
Winter 76.7
Spring 76.1
Summer 77.8
Autumn 78.3

ANOVA: F=2.31; p=0.074. No significant difference. Statistical significance threshold p<0.05,

ANOVA: Analysis of variance
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Autumn stood out with the highest survival rate (78.3%).
Although Spring had the lowest survival rate (76.1%), it was
not significantly different from Winter (76.7%; p>0.05). The
pairwise comparisons showed no statistically significant
differences among the seasons (p<0.05).

The seasonal distribution of survival and mortality rates
was not statistically significant (p=0.074). In other words,
the observed minor differences were not strong enough to
establish a statistically meaningful relationship. However,
the relative advantage in Autumn may be linked to variations
in seasonal disease prevalence or organizational factors in
hospital care processes.

Seasonal ICU Admissions by Age Groups

The study analyzed the seasonal frequency of admissions
among five age groups (0-20, 21-40, 41-60, 61-80, and 81+
years). A chi-square test was conducted to assess statistical
significance, and the results are presented in Table 4 using
standardized residuals.

Table 4. Seasonal ICU admissions by age groups

Winter Spring Summer Autumn
Age group (Z-Resid.) (Z-Resid.) (Z-Resid.) (Z-Resid.)
0-20 -2.12 -0.20 +2.64 -0.32
21-40 -2.88 -1.95 +3.60 +1.23
41-60 +0.12 +0.05 -0.10 -0.07
61-80 +1.35 +0.85 -1.93 +0.27
81+ +1.21 +0.33 -0.17 =137
The positive residuals indicate higher-than-expected

admission rates, while negative residuals indicate otherwise.

o 0-20 age group: The +2.64 value in Summer shows a
significantly higher admission rate in this season (p<0.05).

21-40 age group: The +3.60 value in Summer indicates a
substantial increase in admissions for this group (p<0.05).

61-80 age group: A mild increase in Winter (+1.35) and a
notable decrease in Summer (-1.93) were observed.

81+ age group: Admissions in Winter were slightly higher
(+1.21), while admissions in Autumn were lower (-1.37).

These findings indicate that younger age groups tend to have
higher ICU admissions during summer, while older age
groups show higher admissions during winter. The chi-square
test confirmed the statistical significance of this relationship
(p<0.001)

Seasonal Survival and Mortality Rates by Age Groups

Although the overall survival rates did not show significant
seasonal differences, specific age groups displayed noteworthy
variations. Table 5 outlines the survival and mortality rates for
age groups (0-20, 21-40, 61-80, and 81+) across Winter, Spring,
Summer, and Autumn, including pairwise comparisons.

The 0-20 age group showed a significant difference between
Winter and Summer (p=0.02), with higher survival rates in
Summer.

In the 61-80 age group, survival rates in Summer and Autumn
were significantly higher compared to Winter (p=0.03,
p=0.04).

Table 5. Seasonal survival rates by age groups

Age group Season Survival (%)
Winter 82.1
Spring 81.5
0-20
Summer 84.2
Autumn 83.7
Winter 79.3
Sprin, 78.9
21-40 pring
Summer 80.5
Autumn 80.8
Winter 72.5
Sprin 71.9
61-80 prng
Summer 74.0
Autumn 73.8
Winter 70.2
Spring 69.7
81+
Summer 70.5
Autumn 71.0

For the 81+ age group, Winter displayed higher mortality
rates, although significance hovered near the threshold
(p=0.05-0.07).

DISCUSSION

The findings reveal that seasons generally do not have a
statistically significant impact on ICU admissions, but when
examined specifically by age groups, young people are more
likely to be admitted to the ICU in summer, while older
people are more likely to be admitted in winter, and this
affects survival rates. Our findings also suggest that seasonal
ICU outcomes may be more favorable for younger age groups
during Summer due to less severe conditions, while Winter
presents a higher risk for older age groups due to severe
illnesses and complications.®’

One of the most striking findings of our study is the lack of
statistically significant difference in total ICU admissions
across seasons (p=0.42). Although the highest number of
admissions (4,630) was observed in Autumn and the lowest
(4,261) in Winter, this fluctuation is not statistically significant.
This result contradicts the expectation of increased ICU
admissions in winter due to increased respiratory infections
and cardiovascular events.*® There are studies in the literature
showing an increase in hospitalizations and ICU admissions
during winter.">" We could speculate possible reasons why
our study did not meet this expectation. Firstly, Istanbul’s
temperate climate, with less exposure to extreme cold and
snowfall in winter, may limit the impact on ICU admissions in
winter. Secondly, the socioeconomic status of the region where
the hospital is located and the level of access to healthcare
services may be relevant.® A third possibility is that increased
influenza vaccination campaigns and public health measures
in recent years may have reduced winter ICU admissions due
to respiratory infections.

The high number of ICU admissions in autumn in our study
may be related to the factors such as post-holiday stress,
seasonal transitions, and an increase in some respiratory
diseases. During this period, the rate of spread of respiratory
infections among children may increase with the opening of
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schools, which may indirectly increase the risk of infection
in adults as well. In addition, increased stress from work and
daily life in individuals returning from summer vacation may
weaken the immune system and increase susceptibility to
diseases.'?

In terms of survival and mortality rates, our study shows no
statistically significant difference between seasons (p=0.074).
Although Autumn stands out with the highest survival
rate (78.3), this difference is not statistically significant.
This finding suggests that seasonal effects are not a strong
determinant of mortality in ICU patients. However, analyses
by age group reveal that seasonal effects are more pronounced
in certain age groups. It should be noted that Villavicencio et
al.* also reported a spike that happened in November in their
study, which coincides with our findings regarding Autumn.

One of the most important findings of our study is that the
relationship between age groups and seasons being statistically
significant. The increase in ICU admissions among young
people in summer can be attributed to traumatic injuries,
drowning incidents, and accidents related to recreational
activities, which are more common in this age group.”'* In
particular, the significant increase observed in the 0-20 age
group in summer may be a result of children and adolescents
participating more in outdoor activities and water sports
during the summer months. Similarly, the significant increase
observed in the 21-40 age group in summer may be explained
by the fact that individuals in this age group participate more
in outdoor activities and travel as part of their work and social
lives. But further studies specifically focusing on causality
and results are needed.

The increase in ICU admissions in winter in older age
groups be explained by the negative effects of cold weather
and respiratory infections on the elderly. Elderly patients are
more vulnerable to complications in winter due to decreased
physiological reserves and weakened immune systems. In
particular, the increase observed in the 61-80 age group in
winter may be the most related. In addition, the negative
effects of cold weather on the cardiovascular system may also
increase ICU admissions in the elderly during winter.

When seasonal survival and mortality rates are examined
by age groups, the survival rate in the 0-20 age group is
significantly higher in summer compared to winter, while
the mortality rate in the 61-80 age group is significantly
increased in winter. These findings suggest that the causes of
ICU admission in younger age groups may be more treatable
and less fatal in summer, while the causes of ICU admission
in older age groups may be more serious and fatal in winter.

Limitations

The strengths of our study are its coverage of a wide time period
(2008-2024) and a large patient population (18,046), inclusion
of both pediatric and adult ICUs, and detailed analyses by
age group. However, our study also has some limitations.
Firstly, as our study is a retrospective observational study,
it is not possible to establish a cause-and-effect relationship.
Secondly, as our study includes data from a single center,
results can’t be valid for other centers. Thirdly, factors such
as socioeconomic status, underlying diseases, and indications
for ICU admission, which may affect the impact of seasons
on ICU admissions and survival rates, were not examined

in detail. Additionally, our hospital is located right next to a
very busy main road in Istanbul, Turkiye. Therefore, amount
of trauma cases admitted to our hospital is very high. This
may negatively affect the seasonal patient number-profile
fluctuation pattern. Although it is a busy center, an intensive
care nurse in our center never cares for more than 2 patients. In
addition, while every branch doctor provides 7/24 consultant
physician services in our hospital, a specialist physician and
an assistant physician are constantly on duty in our intensive
care units, and continuous consultation services are also
provided by the department responsible faculty members. All
of these may affect the results of our hospital to be different,
by even being more optimistic than other institutions.

CONCLUSION

This study reveals that the impact of seasonal variability
on ICU admissions varies across age groups. The findings
highlight the importance of considering age-specific seasonal
risk profiles in healthcare planning and resource allocation. In
particular, expanding trauma prevention programs for young
people in summer and influenza vaccination and respiratory
infection prevention programs for the elderly in winter may
contribute to reducing the seasonal burden on ICUs. In
future studies, it would be beneficial to conduct larger-scale
studies covering different geographical regions and different
healthcare systems to more comprehensively evaluate the
effects of seasons on ICU admissions and survival rates and to
examine the factors affecting these effects in detail.
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