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Given the increasing health risks associated with climate change, particular attention is focused 
on the elderly as a vulnerable group. This study aimed to analyze how these climate extremes 
impact the health and hospitalization rates of these patients. In this ecological time series study, 
daily Meteorological and environmental pollutants data for Dezful and hospitalization records for 
cardiovascular diseases based on International Classification of Diseases, 10th codes were collected 
from 2013 to 2019. Definitions for heat waves and cold waves were established Based on previous 
studies in this field. The study utilized a combination of Distributed Lag Nonlinear Models and Quasi 
Poisson analysis to investigate the association between each definition of cold and heat waves and 
hospitalization. The results indicate that heat waves are associated with an increased risk of hospital 
admissions due to cardiovascular disease in individuals over 75 years of age. Additionally, cold waves 
significantly increase the risk of hospitalization due to cardiovascular disease in individuals aged 65 
to 74 years. Specifically, in the section on added effects, the results show that Cold Wave impacts the 
risk of hospitalization in patients aged 56 to 74 years (added effects: lags of 0, 0–2, 0–6, and 0–13). 
This study highlights the significant impact of heat and cold waves on the risk of hospitalization for 
cardiovascular diseases in Dezful. Older adults, especially those over 65, are particularly vulnerable to 
these climate-related health risks. As climate change progresses, it is essential to implement public 
health strategies that protect at-risk populations during extreme weather events.
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The excessive use of fossil fuels and the expansion of industrial activities have led to significant changes in the 
planet’s climate, notably the increase in average global temperatures. Most of this warming has occurred over 
the past four decades, becoming a primary concern for climatologists and world leaders1. Climate change is 
intensifying extreme weather events2,3 and the relationship between these events—such as cold and heat waves—
and human health has become increasingly evident4,5. Epidemiological evidence indicates that heat and cold 
waves across various regions are associated with heightened risks of mortality and morbidity, largely due to the 
body’s diminished capacity to regulate its temperature4–11.

Research on cold waves highlights that exposure to low temperatures increases vulnerability through 
alterations in cardiovascular functions8,12–14. This can result in prolonged hospital stays and elevated healthcare 
costs due to cardiovascular and respiratory complications, not only during cold spells but also for several days 
afterward15,16. The physiological effects of cold exposure, such as vasoconstriction and increased blood viscosity, 
blood pressure, cholesterol levels, and red blood cell counts, can significantly elevate the risk of myocardial 
infarction and stroke17. Conversely, heat waves have been shown to exacerbate cardiovascular diseases, 
particularly among the elderly18–22. Key mechanisms linking rising temperatures to cardiovascular risk include 
an imbalance in the autonomic nervous system, characterized by increased sympathetic activity, which may lead 
to lower blood pressure and dehydration18,23.

The adverse health effects of extreme temperatures can vary depending on population vulnerability and 
regional climate24. A study by Barnett et al. found that cold weather poses greater risks in warmer climate nations 
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compared to colder ones, attributed to better acclimatization in colder regions25. Furthermore, research in 
tropical areas indicates that heat waves can adversely affect vulnerable populations when they exceed resilience 
thresholds11,26. Therefore, it is essential to conduct studies that examine the seasonality and duration of hot 
and cold periods in specific areas and their correlations with public health metrics to better understand disease 
patterns within populations27–30.

Understanding the patterns of cardiovascular diseases in relation to sudden temperature changes is vital 
for addressing the health consequences of climate change globally31. Dezful experiences hot and semi-humid 
weather conditions, with summer temperatures sometimes exceeding 50 degrees Celsius. Given the critical 
nature of this issue, this study aims to evaluate the impact of heat and cold waves on hospitalization rates for 
cardiovascular diseases in Dezful, Iran. By elucidating these patterns, we can develop more effective public 
health strategies to mitigate the adverse effects of climate change on affected populations.

Method
This study was an ecological time series study conducted in 2023 based on data from 2013 to 2019 (before the 
spread of the COVID- 19) in the city of Dezful, Khuzestan province in Iran. Table 1 contains key details about 
Dezful, located in the southwest of Iran Fig. 111. It provides information such as geographic location, population, 
area, elevation, climate, and average annual temperatures11.

Data gathering
The archive list of registered cardiovascular patients hospitalized data in Dezful health centers from 2013 to 2019, 
based on the International Classification of Diseases (ICD-10) for cardiovascular diseases (CVD) (I00-I99), 
along with gender, age, and hospitalization data, was obtained from the Health Deputy of Dezful University of 
Medical Sciences.

Fig. 1. Geographic Location of Dezful City in Iran and Its Global Context.

 

Area of Study Details

Location Southwest of Iran (Longitude: 48.4235841, Latitude: 32.3830777)

Population 444,000 (2016)

Area 4762 square kilometers

Rank by Population 30th most populated city in Iran

Elevation 143 m above sea level

Climate Hot and humid with hot summers and Mediterranean winters

Average Annual Rainfall About 400 mm

Long-term Mean Annual Temperature 24.3 °C

Mean Annual High Temperature 32.3 °C

Mean Annual Low Temperature 16.3 °C

Lowest Annual Temperature -3 °C

Highest Annual Temperature 51.8 °C

Table 1. Information about area of study (Dezful City).
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Meteorological data and environmental pollutants were obtained from the City Meteorological Center 
and the Department of Environment. There is no missing data in the morbidity and meteorological database. 
However, there is less than 7.2% missing data in the environmental pollutant database, estimated using the 
Expectation Maximization method. In this study, the amount of ozone gas in Dezful city was not fully recorded, 
so this variable was not included in the analysis. In the city of Dezful, considering the city’s remarkable climate 
and based on other aligned studies11,32, we divided the year into two parts: the cold months and the warm 
months. Accordingly, we analyzed heatwave data based on the warm months and cold wave data based on the 
cold months of the year.

Heat wave definitions
In this study, based on previous studies33–37, two definitions were used to estimate the effects of heat waves on 
risk of hospitalization for cardiovascular patients in Dezful.

 1. Heat Wave Definition 1 (HW1):

HW1= {Tmean ≥P95 ∣ for at least 2 consecutive days} Where:

• Tmean : Daily mean temperature.
• P95 : 95th percentile of the annual distribution of daily mean temperatures specific to the community.

 2. Heat Wave Definition 2 (HW2):

HW2= {Tmax ≥P90 ∣ for at least 3 consecutive days} Where:

• Tmax : Daily maximum temperature.
• P90 : 90th percentile of the annual distribution of daily maximum temperatures specific to the community.

The definitions of the cold wave were presented as follows to define the heat wave based on the logic of 
Sharafkhani et al. study33.

Cold wave definitions

 1. Cold Wave Definition 1 (CW1):

CW1= {Tmin ≤P10 ∣ for at least 3 consecutive days} Where:

• Tmin : Daily minimum temperature.
• P10 : 10th percentile of the annual distribution of daily minimum temperatures specific to the community.

 2. Cold Wave Definition 2 (CW2):

CW2= {Tmean ≤P5 ∣ for at least 2 consecutive days} Where:

• Tmean : Daily mean temperature.
• P5 : 5th percentile of the annual distribution of daily mean temperatures specific to the community.

Statistical analysis
Given that cardiovascular hospital admissions exhibited a Quasi Poisson Distribution, we employed a 
combination of Distributed Lag Nonlinear Models (DLNM) alongside the quasi-Poisson model to assess the 
nonlinear and delayed impacts of heat and cold waves on hospital admissions (HA) both in total and within 
specific subgroups. Based on previous studies in this field11,32, we utilized a similar model to account for both the 
Main effect (The main effect of heatwaves refers to the intensity of temperature during these events, which can 
significantly increase hospitalizations rates) and the Added effect (The added effect accounts for additional risks 
that can be attributed to heatwaves, such as a percentage increase in hospitalizations beyond the main effect) of 
heatwaves and cold waves38.

Heat wave
To account for the harvesting effect of heat on HA, a maximum of 10 lags was selected, allowing for a 
comprehensive evaluation of the heat wave’s impact on HA33. The statistical model utilized for this analysis 
(HW1, HW2 methods) is represented as follows:

 

LogE [Y t ] = a + cb (T 1, 2, 2) + cb (T 2, 2, 2) + ns (P M2.5, 3) + ns (P M10, 3)
+ ns (RH, 3) + ns (season, 2) + ns (time, 7) + holidays + DOW

where Yt denotes the daily observed number of HA, T1: represents the main effect and, T2: indicates the added 
effect. Two DLNM matrices were constructed to capture the effects of temperature and waves, each with 2 
df (degrees of freedom) for the variables and another 2 df for the lags. The Natural Spline (NS) function was 
applied to the variables and their respective lags. To mitigate confounding from air pollutants, NS with 3 df were 
implemented for PM2.5, PM10, and relative humidity (RH). The temporal effect was adjusted using 7 df per 
year, while seasonal variations during the hot season were controlled with 2 df. Additionally, holiday effects were 
incorporated as a categorical variable.
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Cold wave
For the cold wave analysis, the following model was applied in the CW1 and CW2 methodologies:

 

LogE [Y t ] = a + cb (T 1, 2, 2) + cb (T 2, 2, 2) + ns (P M2.5, 3) + ns (P M10, 3)
+ ns (RH, 3) + ns (season, 2) + ns (time, 7) + holidays + DOW

Considering the long-term accumulation of deaths associated with cold weather (lingering effect), the impact of 
cold waves was analyzed up to 30 lags39. Dezful city has faced dust storms and fine particulate matter over recent 
decades, with evidence suggesting adverse health effects from these environmental pollutants39,40. Consequently, 
this study accounted for the influence of these pollutants using Natural Spline adjustments. We used Cumulative 
Excess Risk ( Cumulative Excess Risk (CER) is defined as the total excess risk accumulated over a specified 
number of periods) to calculate the effect of heat waves on cardiovascular disease (CVD) using the following 
equations:

 
CER =

∑
n
i=1(RRi − 1) × 100

where: RR = Raltive Risk.

Sensitivity analysis
The degrees of freedom for all model variables have been determined based on results from similar studies41,42. 
In addition, references related to the configuration of the lags are included. The analysis covers heat waves 
extending to log 10 and cold waves reaching log 30, in line with previous research32,43. Importantly, the degrees 
of freedom were established by identifying the minimum value of the Quasi-Akaike Information Criterion (The 
Quasi-Akaike Information Criterion (QAIC) is a statistical measure used to evaluate the quality of statistical 
models, particularly in nonlinear models and time-dependent data. It assists in identifying models that best 
describe the data while considering model complexity and the number of parameters. Key advantages of QAIC 
include the ability to compare different models to select the best one, the identification of overly complex models 
that may overfit the data, and the optimization of degrees of freedom (df) for model variables by utilizing the 
minimum QAIC value, which ultimately enhances the accuracy of predictions) for each respective season. The 
df for the seasonal component were determined based on the lowest QAIC value, referencing prior studies for 
guidance33,44. To establish df for additional model variables, we noted that the relationship between temperature 
and hospital admissions is influenced by factors such as age and gender. Therefore, the interactions between 
heat/cold waves were examined separately across subgroups defined by gender (male, female) and age brackets 
(under 15, 15 to 64, 65 to 74, and 75 and older). Data analysis was conducted using DLNM version 2.3.5 and R 
software (version 3.5.1).

Results
Descriptive results
During the study period, the average number of daily cardiovascular hospitalizations in Dezful was 19.2 (± 6.7). 
The mean daily temperature recorded was 24.6 °C (± 9.3), with maximum and minimum temperatures reaching 
33 °C (± 10.7) and 17.1 °C (± 7.8), respectively. Additionally, the average daily humidity during this period was 
noted. Further descriptive statistics are summarized in Table 2.

Table 3 presents the Cumulative Excess Risk (CER) of total hospital admissions due to cardiovascular disease 
following heat waves in Dezful. The findings indicate that the occurrence of heat waves has not significantly 
altered the risk of hospital admissions for cardiovascular patients in the general population.

Similarly, Table 4 outlines the CER of total hospital admissions due to cardiovascular disease associated with 
cold waves in Dezful. The data reveal that cold waves have not led to a significant increase in hospital admissions 
for cardiovascular patients within the general population.

In terms of specific demographics, Table  5 details the CER of hospital admissions due to cardiovascular 
disease following heat waves, categorized by sex and age groups. The results highlight a significant increase in the 
risk of hospital admissions for individuals over 75 years of age during heat waves. Notably, the analysis of added 
effects shows that HW1 is linked to an increased risk of hospital admissions in this age group (Added effects: 
lag0 10.74 (0.91, 21.53)).

Conversely, Table 6 examines the CER of hospital admissions due to cardiovascular disease following cold 
waves, segmented by sex and age groups. The findings indicate that cold waves significantly elevate the risk of 
hospital admissions for individuals aged 65 to 74 years. Specifically, the analysis of added effects reveals that 
CW1 notably increases the risk of hospital admissions for those aged between 65 and 74 years (added effects: 
CW1 for lag0, lag0-2, lag0-6, and lag0-13). The changes related to cumulative excess risk (CER) over the lags 
have been presented in figure format as Figures S1 and S2.

Discussion
The present study highlights the significant impact of both heat waves and cold waves on the risk of hospitalization 
due to cardiovascular diseases in the elderly population. Our findings demonstrate that individuals over 75 
years of age are particularly vulnerable during heat waves, with an increased risk of hospitalization associated 
with high temperatures. In this regard, Ziebarth comprehensively reviewed the effects of extreme weather 
on 170  million hospitalizations and 8  million deaths in Germany from 1999 to 2008. According to the 
results, extreme heat significantly increased hospitalizations and deaths45. Son’s study in Korea showed that 
hospitalization in cardiovascular hospitals was significantly associated with high temperatures, with the effect of 
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heat waves increasing by 4.5% compared to hospitalization at 15–25 °C23. Ma’s study in China also indicated that 
heat waves increased total cardiovascular hospital admissions46. Sheridan’s study, which examined the rates of 
hospital admissions and deaths related to heat waves, showed that heat waves are associated with cardiovascular 
deaths and hospital admissions47.

Research by Mohammadi et al. (2019) found that exposure to extreme temperatures significantly increased 
the risk of cardiovascular disease hospital admissions, reporting a relative risk of 1.33 (95% CI, 1.11: 1.61) when 
comparing the 99th percentiles of temperature relative to the mean. Additionally, the study underscored that the 
highest risk was observed during extremely hot conditions, particularly within the first few days of exposure48. 
Furthermore, a systematic review by Arsad et al. (2022)49 emphasized that heat waves not only increase mortality 

Hospital admission Wave effect Lag0 Lag0-2 Lag0-6 Lag 0–13 Lag 0–30

CVD

Main effect
CW1 8.11(-1.57,18.74) 21.17(-3.97,48.50) 36.82(-8.22,85.07) 46.74(-25.01,122.74) 104.35(-45.68,262.54)

CW2 4.47(-5.43,16.080) 13.53(-12.81,42.35) 28.17(-17.24,77.02) 46.65(-2.78,119.28) 70.35(-68.80,217.80)

Added effect
CW1 1.80(-2.05,5.82) 5.25(-5.05,15.93) 11.42(-7.64,31.05) 19.47(-8.86,48.50) 20.93(-27.02,69.81)

CW2 0.70(-2.70,4.24) 2.19(-6.82,11.48) 5.29(-11.03,22.03) 10.14(-14.10,34.89) 10.76(-31.48,53.71)

Table 4. CER of hospital admission due to cardiovascular disease following cold wave.

 

Hospital admission Wave effect Lag0 Lag0-2 Lag0-6 Lag 0–10

CVD

Main effect
HW1 -4.48(-29.09,28.66) -8.15(-62.98,60.83) -14.65(-125.07,119.10) -50.63(-216.07,153.20)

HW2 4.53(-4.12,13.97) 11.03(-6.26,29.50) 15.50(-16.98,49.75) 11.24(-30.90,62.98)

Added effect
HW1 1.22(-3.16,5.81) 2.18(-7.13,11.83) 2.34(-15.99,21.20) 6.61(-22.44,36.52)

HW2 0.18(-4.10,4.67) 1.17(-7.78,10.44) 4.96(-12.37,22.78) 10.15(-17.01,38.07)

Table 3. CER of hospital admission due to cardiovascular disease following heat wave.

 

Variable

Daily hospitalization number by causes Value

Cardiovascular diseases Mean (SD)

Daily hospitalization number by Age (Years) 19.22 (6.7)

<15 0.4 (0.65)

15–64 11.16 (4.72)

65–75 3.76 (2.25)

≥75 3.91 (2.18)

Daily hospitalization number by Gender Mean (SD)

Male 10.8(4.3)

Female 8.44(3.7)

Heat waves and cold wave characteristic

Number per year [Mean (Min, Max)]

HW 1 3.2 (0, 5)

HW 2 2 (1, 5)

CW1 3.2 (2, 6)

CW2 4 (1,10)

Average heat wave intensity (°C) [Mean (Min, Max)]

HW1 38.30 (30.7, 41.9)

HW2 48.25(44.4, 51.2)

CW1 2.78 (-1.5, 4.7)

CW2 9.08 (3.5, 11)

Average heat wave duration (Day) [Mean (Min, Max)]

HW1 3.9 (2, 5)

HW2 4.9 (3, 12)

CW1 4.31 (3, 8)

CW2 3.6 (2, 7)

Table 2. Meteorological characteristics and hospital admission due to cardiovascular disease in Dezful City 
(2013–2019). SD: Standard deviation; Min: Minimum; Max: Maximum; °C: Centigrade.
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Disease Variable Wave effect Lag0 Lag0-2 Lag0-6 lag 0–13 Lag 0–30

CVD

Age group

< 15

M
CW1 4.31(-41.32, 85.46) 7.26(-113.15, 207.24) -4.37(-223.51, 328.99) -43.75(-397.52, 458.74) 62.75(-714.46, 1129.41)

CW2 -3.60(-48.97, 82.12) -9.90(-131.35, 201.71) -19.58(-238.49, 323.81) -32.51(-369.32, 453.26) -87.09(-772.07, 854.14)

A
CW1 4.66(-16.91, 31.84) 13.43(-44.59, 84.81) 28.47(-80.03, 157.49) 44.53(-118.46, 232.58) 12.29(-266.22, 324.98)

CW2 -0.22(-18.94, 22.80) -0.718(-50.51, 59.17) -1.91(-93.02, 104.20) -5.11(-142.69, 150.80) -22.34(-268.33, 249.82)

15–64

M
CW1 6.26(-5.87, 19.97) 16.51(-15.16, 51.77) 29.57(-27.48, 91.92) 41.91(-49.59, 140.45) 122.71(-70.73, 329.81)

CW2 3.13(-9.63, 17.70) 9.10(-23.95, 46.19) 19.92(-37.31, 82.77) 36.19(-50.47, 129.75) 68.73(-109.10, 259.10)

A
CW1 1.09(-3.80, 6.2) 3.40(-9.69, 17.09) 8.24(-16.03, 33.43) 15.69(-20.48, 53) 14.01(-47.34, 76.91)

CW2 1.87(-2.51, 6.45) 5.35(-6.22, 17.39) 11.30(-9.64, 32.93) 18.49(-12.62, 50.45) 19.79(-34.45, 75.21)

65–74

M
CW1 7.00(-10.80, 28.37) 17.75(-28.70, 72.29) 28.36(-55.32, 123.94) 28.52(-105.75, 178.63) 59.14(-221.92, 370.62)

CW2 9.99(-10.08, 34.57) 28.68(-23.38, 90.77) 61.12(-29.03, 165.14) 104.39(-31.75, 257.43) 156.52(-117.08, 460.15)

A
CW1 9.31(1.32, 17.92) 25.40(4.18, 48.11) 48.53(9.55, 89.80) 68.11(10.79, 128.21) 66.87(-28.47, 165.91)

CW2 1.20(-5.43, 8.31) 3.25(-14.29, 21.90) 6.01(-25.77, 39.43) 7.14(-39.92, 56.18) -4.64(-86.16, 79.59)

< 75

M
CW1 14.65(-4.17, 37.19) 38.84(-10.12, 96.22) 69.66(-18.04, 169.70) 88.43(50.02, 243.08) 102.21(-178.54, 412.96)

CW2 5.02(-13.31, 27.26) 13.56(-33.97, 69.78) 25.10(-57.31, 19.57) 31.83(-92.88, 171.29) 10.32(-242.00, 289.14)

A
CW1 -3.12(-10.12, 4.41) -8.29(-27.05, 11.77) -14.66(-49.63, 22.32) -16.53(-69.02, 38.41) -0.83(-91.01, 92.71)

CW2 -3.06(-9.31, 3.60) -7.81(-24.42, 9.80) -12.39(-42.75, 19.49) -10.22(-55.66, 37.07) 1.31(-78.48, 83.70)

Sex

Male

M
CW1 5.27(-6.08, 18.00) 13.61(-16.01, 46.37) 23.14(-30.23, 81.16) 29.99(-55.62, 121.80) 99.58(-81.87, 293.09)

CW2 1.30(-10.37, 14.51) 4.06(-26.22, 37.77) 10.15(-42.42, 67.50) 22.45(-57.57, 108.36) 59.67(-106.24, 236.43)

A
CW1 1.28(-3.36, 6.15) 3.69(-8.70, 16.63) 7.94(-14.99, 31.71) 13.85(-20.30, 49.01) 22.46(-35.55, 81.85)

CW2 2.53(-1.59, 6.84) 7.06(-3.84, 18.37) 14.12(-5.60, 34.46) 22.11(-7.21, 52.17) 34.18(-16.95, 86.35)

Female

M
CW1 11.29(-1.89, 26.26) 29.67(-4.55, 67.92) 52.24(-8.89, 119.29) 65.80(-31.19, 170.59) 108.85(-91.07, 323.48)

CW2 9.35(-4.89, 25.74) 25.94(-10.77, 67.43) 51.37(-11.67, 120.99) 76.76(-17.38, 178.87) 81.61(-105.56, 282.76)

A
CW1 2.59(-2.62, 8.09) 7.54(-6.39, 22.14) 16.36(-9.42, 43.18) 27.15(-11.15, 66.72) 19.29(-45.30, 85.57)

CW2 -1.58(-6.103, 3.14) -3.92(-15.88, 8.54) -5.77(-27.49, 16.71) -4.65(-36.95, 28.57) -17.58(-73.89, 40.015)

Table 6. CER of hospital admission due to cardiovascular disease after cold waves, stratified by age and sex 
groups.

 

Disease Variable Wave effect Lag0 Lag0-2 Lag0-6 Lag 0–10

CVD

Age group

< 15

M
HW1 112.57 (-71.60, 1491.23) 165.08 (-191.26, 2107.5) 86.01 (-469.8, 2557.8) 160.6 (-724.9, 3933.6)

HW2 -1.09)-45.14, 78.33) -2.34)-96.35, 144.79) 1.03)-185.21, 267.90) 15.735)-276.15, 430.37)

A
HW1 -10.78 (-33.96, 20.53) -8.01 (-62.77, 60.85) 26.88 (-87.76, 165.23) -12.11 (-184.64, 196.16)

HW2 -11.97 (-34.52,18.35) -16.17 (-66.75,47.04) 8.94 (-94.53, 132.62) -1.48 (-161.01, 188.63)

15–64

M
HW1 -5.78 (-36.23, 39.18) -5.58 (-75.30, 88.49) -2.15 (-144.65, 180.77) -59.53 (-270.69, 211.00)

HW2 5.05 (-6.28, 17.75) 11.09 (-11.54, 35.79) 13.67 (-28.78, 59.22) 13.43 (-51.02, 82.40)

A
HW1 -1.10 (-6.62,4.73) -2.70 (-14.52, 9.63) -0.95(-24.44, 23.42) 11.42 (-26.21, 50.48)

HW2 1.81 (-3.83, 7.80) 2.40 (-9.32, 14.65) 1.75 (-20.78, 25.11) 14.78 (-20.78, 51.65)

65–74

M
HW1 39.73(-26.66, 166.23) 54.52(-77.43, 276.25) -8.93(-234.13, 341.89) -25.88(-373.22, 511.10)

HW2 12.36(-6.47, 35.00) 27.93 (-9.54, 71.06) 33.86 (-35.00, 111.01) 22.01 (-80.50, 136.41)

A
HW1 1.14 (-7.98, 11.18) 5.81 (-13.87, 27.01) 13.67 (-25.30, 55.10) 3.07 (-57.43, 67.41)

HW2 -3.76(-12.33, 5.62) -3.05(-21.34, 16.58) 11.02(-25.09, 49.3) 9.00(-47.10, 68.43)

< 75

M
HW1 -35.19 (-64.31, 17.68) -67.08 (-143.76, 52.63) -34.51 (-227.51, 244.42) -27.52 (-340.22, 426.67)

HW2 -2.32 (-18.00, 16.34) -1.33 (-33.70, 35.60) 5.95 (-57.06, 76.05) -6.52 (-102.18, 99.57)

A
HW1 10.74 (0.91, 21.53) 16.14 (-4.09, 37.91) -0.02 (-38.24, 40.59) -0.94 (-61.08, 62.98)

HW2 0.40 (-8.40, 10.05) 3.35 (-15.18, 23.24) 8.29 (-27.76, 46.49) -2.46 (-58.28, 56.64)

Sex

Male

M
HW1 -7.90(-36.57,33.73) -16.21(-80.98,70.10) -31.13(-162.65,135.96) -85.93(-284.36,165.80)

HW2 5.01(-5.72,16.97) 12.37(-9.11,35.70) 15.83(-24.45,58.89) 3.45(-56.95,67.84)

A
HW1 1.08(-4.34,6.81) 1.28(-10.22,13.30) 0.32(-22.32,23.79) 7.49(-28.49,44.79)

HW2 1.18(-4.14,6.81) 2.63(-8.47,14.21) 4.11(-17.26,26.23) 7.13(-26.30,41.72)

Female

M
HW1 -1.20(-34.85,49.81) -0.32(-75.93,104.03) 3.90(-149.41,204.49) -5.15(-243.19,306.05)

HW2 3.52(-8.18,16.74) 8.26(-15.28,34.07) 13.25(-31.29,61.20) 19.46(-48.84,92.83)

A
HW1 1.26(-4.78,7.79) 3.03(-10.06,16.79) 4.50(-21.28,31.36) 4.54(-36.21,46.99)

HW2 -1.30(-7.20,4.96) -1.18(-13.57,11.81) 5.37(-18.84,30.54) 12.93(-25.08,52.44)

Table 5. CER of hospital admission due to cardiovascular disease after heat waves, stratified by age and sex 
groups.
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but also significantly elevate morbidity rates, particularly among vulnerable populations such as the elderly. 
The review indicated that the elderly are at heightened risk, with studies showing that hospital admissions for 
cardiovascular-related issues increased by 14% during heat wave events49,50. Numerous studies have shown 
consistent evidence that older adults are among the most at-risk populations25. Another study in Portugal 
concluded that individuals aged 65 years and older are the most affected by high temperatures51. Similarly, 
research conducted in Australia found that patients aged 65 and above were more likely to be impacted by heat 
waves52. The susceptibility of older adults is influenced by both physiological and social factors, including living 
alone, the presence of chronic illnesses, and diminished physiological function. As people age, their ability to 
regulate body temperature declines, and the prevalence of chronic conditions increases, making them more 
vulnerable to temperature-related effects53,54.

In contrast, a study by Nhung et al. (2023) conducted in Southern Vietnam reported a negative relationship 
between heat waves and the risk of cardiovascular disease admissions for individuals over the age of 60 (ER = − 7.28 
(− 13.97, − 0.08) in Ca Mau)55. Additionally, a meta-analysis that aggregated data from 18 studies worldwide 
found no statistically significant relationship (p = 0.6) between heat waves and cardiovascular morbidity56 .

Among the reasons for the inconsistency of the results of these studies with our findings, we can name 
geographical diversity, differences in the severity of exposure, the perceived importance and sensitivity in the 
studied populations, the implementation of preventive and response measures, the heterogeneity in health 
services, care admission policies, and disparities in access to healthcare49. This can shed light on how quickly 
heat waves can lead to increased death rates. Those who are more vulnerable might experience serious effects 
within a few hours during a heat event. Some may pass away before they can be hospitalized, so they won’t be 
included in the statistics for illness rates55,57.

Regarding other results of this study concerning the relationship between heat wave occurrences and the 
increase in hospital admissions in exposed individuals in the city of Dezful, aside from the significant association 
between heat waves and the increased risk of hospitalization in the elderly, no other significant relationships 
were observed in the overall previous vascular admissions and age groups under 75 years with the occurrence 
of heat waves during the study period. This finding contrasts with some studies that have indicated a significant 
relationship between heat wave occurrences and an increased risk of cardiovascular problems58–60, but it may 
align with the results of some other studies56,61. Dezful is a city with a hot climate, where the residents have 
long been accustomed to heat and have devised and implemented adaptation strategies62. Therefore, this may 
explain the lack of significant association between heat wave occurrences and increased previous vascular 
admissions in other age groups under 75 years. In this context, the results of the study by Aghababaian et al. 
in 2025 indicated that cardiovascular admissions in the city of Dezful did not show significant changes at high 
Physiological Equivalent Temperature (PET) levels63. Additionally, in another study conducted in the same city 
that assessed another thermal index on health indicators, the results indicated that daily fluctuations in extreme 
temperatures not only did not cause significant changes in the number of cardiovascular admissions in many 
cases but also had a significant relationship with a reduction in the number of cardiovascular admissions under 
certain conditions64. This finding may reinforce our hypothesis regarding the adaptive effects of individuals 
exposed to climate changes, leading to reduced health impacts. However, the need for further research and the 
conduct of future cohort studies in this area becomes more evident.

In addition to heat, the results of this study indicated that cold waves also pose a significant risk, particularly 
for individuals aged 65 to 74 years in our study. Research by Mohammadi et al. (2019) further supports this, 
showing that short-term exposure to extreme cold temperatures significantly raises the likelihood of hospital 
admissions for cardiovascular diseases (RR of 1.33 (95% CI: 1.11–1.61))48.Moreover, a study by Chen et al. 
(2020) examined the relationship between extreme temperature events, including cold waves, and cardiovascular 
mortality across 31 major Chinese cities. Their findings revealed a striking 54.72% increase in cardiovascular 
mortality risk during cold waves. The study highlighted that the impact of cold waves varied based on their 
characteristics, such as intensity and duration. For instance, for every additional day of cold wave duration, the 
cardiovascular mortality risk increased by 1.52%5. In this regard, Jipei Du (2022) states that the cardiovascular 
effects of cold waves increase with age and can heighten the risk for elderly patients65. Additionally, Silva and 
Ribeiro (2012) conducted a cross-sectional study in São Paulo, Brazil, focusing on hospitalizations of individuals 
aged 60 and older. They discovered that experiencing thermal discomfort was associated with a higher likelihood 
of developing heart-related issues in this age group. Specifically, an uptick in hospitalizations for circulatory 
system issues was noted on cold days with significant tempreture variations, irrespective of socio-environmental 
conditions66 .

Although some studies have reported no significant association between cold waves and increased 
hospitalization risk for cardiovascular patients46,67,68, a meta-analysis review demonstrated that cold spells had a 
notable impact on cardiovascular outcomes. This analysis indicated a 32.4% increase in cardiovascular disease-
related mortality (RR = 1.324; )1.234–1.421)( and a 13.8% rise in morbidity (RR = 1.138 (1.015–1.276))69. The 
increase in hospitalizations due to cold waves is influenced not only by temperature effects but also by various 
underlying factors, such as population adaptation, socio-economic and structural differences, infrastructure 
designed for extreme temperatures, and disparities in access to healthcare services24. This can help explain the 
discrepancies between some findings and our results as well as those of other studies.

Other results of this study also indicated that there was no significant relationship between the occurrence 
of cold waves in the city of Dezful and the increased risk of total cardiovascular admissions and admissions of 
patients with cardiovascular issues under 65 years of age. This discrepancy in results may be due to the relatively 
tolerable temperatures of the cold waves in this region, which did not ultimately drop below − 3 degrees. 
However, the results of a study conducted in the same area in 2025 suggested that the adaptation of the people in 
this city to low temperatures may also account for the lack of significant increase in cardiovascular admissions 
across other age and gender groups, in general64. Nevertheless, the increase in certain admissions during cold 
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waves may be attributed to non-compliance with adaptation principles related to climate fluctuations and the 
increased vulnerability of individuals exposed. This issue also highlights the need for further research and the 
conduct of future cohort studies in this area.

Seasonal variations, along with heat and cold waves, significantly impact cardiovascular diseases in 
vulnerable individuals, especially the elderly, leading to increased hospitalizations of these individuals. These 
are critical health concerns that must be addressed, especially in light of climate change, which is altering the 
duration and intensity of such temperature extremes. This issue may pose greater challenges for populations 
in milder climates that are less equipped to handle more severe weather fluctuations throughout the year. This 
complex situation goes beyond just specific physiological reactions to varying temperatures; it involves intricate 
interactions between individuals and their environments. As a result, the potential to alleviate the impact of 
temperature changes on vulnerable groups has not yet been fully explored or implemented. Given that multiple 
factors contribute to this phenomenon, and some may be targeted for intervention, there is an opportunity for 
comprehensive strategies to mitigate negative cardiovascular and respiratory effects associated with temperature 
variations70. , which requires more research to identify and implement interventions.

Conclusion
This study examined the significant impacts of heat waves and cold spells on the hospitalization risk associated 
with cardiovascular diseases in the elderly population of Dezful. The results indicate that older adults are more 
vulnerable to temperature fluctuations, influenced by various physiological, social, and environmental factors. 
Given the increasing frequency and intensity of temperature extremes due to climate change, it is essential 
for policymakers and public health officials to develop preventive programs and health interventions aimed 
at mitigating the negative effects of these changes on cardiovascular health. Although the evidence from this 
study suggests positive adaptation effects for individuals exposed to temperature changes on health, which could 
reinforce our hypothesis of reducing the harmful health effects associated with extreme weather changes due 
to climate change, raising public awareness and providing education about potential risks and coping strategies 
for extreme weather conditions can contribute to community health improvement. Ultimately, this study 
underscores the need for further research to identify and investigate the factors influencing the vulnerability of 
different populations to temperature changes. Considering Iran’s climatic diversity, addressing this issue could 
enhance public health and reduce the burden of cardiovascular diseases in the future.

Limitations
In this research, only the effects of the outside temperature were investigated. On the other hand, due to the lack 
of ozone gas registration in the city of Dezful, the effects of this pollutant were not tested. In addition, the city of 
Dezful has been exposed to the health effects caused by dust storms in the last two decades39,71. Hence, the effects 
of PM10 and PM2.5 were calculated and controlled as confounding variables.

Data availability
The data that support the findings of this study are available from Dr. Hamidreza Aghababaeian. However, there 
are restrictions on the availability of these data, as they were used under license for the current study and are 
not publicly available. Nonetheless, data can be obtained from the authors upon reasonable request and with the 
permission of Dr. Hamidreza Aghababaeian.
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