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Dear Editor, 

We hope you will consider the enclosed manuscript entitled “Association between air temperature 
and self-perceived health status in Southern Germany: Results from KORA FIT study” for 
publication in Environmental Research.  

Temperature changes are well known to increase morbidity and mortality. Traditionally, clinical 
diagnoses or results of physiological measurements have been used to indicate morbidity in studies 
on the health effects of air temperature. However, these do not represent the individual’s 
perception of their life and health. Clinicians usually overlook subjective self-reported scales since 
they are considered less reliable than objectively evaluated health measures. The research has 
shown that self-perceived health measures are a reliable indicator of premature mortality. The 
information about the effects of temperature on self-perceived health measures is scarce. In this 
research article, we used methods of environmental epidemiology to investigate the effect of low 
and high temperatures on self-perceived health measures in the Augsburg region of Southern 
Germany during the year 2018-2019. As an outcome measure, we assessed Health-Related Quality 
of Life (HRQoL), self-rated health, and comparative self-rated health. We checked the sensitivity of 
the results by varying lag structure, knot locations, and different effect modifiers such as age, sex, 
comorbidity, and self-reports on green spaces.  

We believe that our study design and results are of wider interest to the scientific community. With 
the changing climate and weather conditions, the temperature-associated health burden is 
increasing worldwide.  Our research provides much-needed quantitative information on the 
association of temperature with subjective health measures. This knowledge is also crucial to 
understanding the individual’s own perception of health and well-being. These results could 
possibly help in designing further studies using a similar methodology.  

This is an original work; it has not been previously published in whole or in part, and it is not under 
consideration for publication elsewhere. All the authors have read the manuscript, agree that it is 
ready for publication, and accept responsibility for the manuscript’s contents. The authors declare 
they have no actual or potential competing financial interests.  

 
Yours sincerely, 

Hasan Sohail, M.Sc. 
Corresponding author 
Department of Environmental and Biological Sciences,  
University of Eastern Finland, Yliopistonranta 8, 70210, Kuopio 
hasan.sohail@uef.fi 
Tel: +358 (0)41 314 2072 
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Abstract:  14 

Background: Short-term exposure to low and high air temperatures can cause serious harmful effects 15 

on human health. Existing literature has mostly focused on associations of ambient air temperature 16 

with mortality and the need for health care in population-level studies. Studies that have considered 17 

self-perceived health status as an outcome when examining the effects of air temperature on health 18 

are scarce. In this study, we explored the short-term association of daily mean air temperature with 19 

various measures of self-perceived health status. Methods: This cross-sectional analysis is based on 20 

the Cooperative Health Research in the Region of Augsburg (KORA) FIT study conducted in 21 

2018/2019 and included participants from the Augsburg region of Southern Germany. Health-related 22 

quality of life (HRQOL) was evaluated by using the 5-level EuroQol Five Dimension (EQ-5D-5L) 23 

questionnaire, including the EuroQol visual analog scale (EQ-VAS). Self-rated health (SRH) and 24 

comparative self-rated health (CSRH) were each assessed using a single question. Daily mean air 25 

temperature data was estimated using a spatiotemporal model and assigned to participants' home 26 

addresses at a resolution of 1× 1km. Regression models with a Distributed Lag Non-linear Modeling 27 

(DLNM) approach were used to investigate the associations between daily mean air temperature and 28 

self-perceived health measures. Results: We found no association of heat or cold with the HRQOL, 29 

SRH or CSRH. Nevertheless, there was a significant protective association of low air temperature 30 

with the EQ-5D-5L dimension “usual activities.” Conclusion: There was no evidence of daily mean 31 

air temperature adversely affecting participants' self-perceived health status.  32 

Keywords: EQ-5D, self-rated health, self-perceived health, HRQOL, ambient air temperature  33 
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Introduction 1 

 2 

Climate change and changing weather conditions have become a serious public health concern. 3 

Extreme high and low air temperatures are known to increase morbidity and mortality (Basu, 2009; 4 

Green et al., 2019; Gronlund et al., 2018). As air temperature is increasing globally (IPCC, 2018), 5 

temperature-associated health burden demands even more scientific research to investigate potential 6 

health risks (Lee et al., 2019). 7 

The effect of non-optimum ambient temperatures on human health is considered a key research 8 

priority worldwide (Deschenes, 2013). Exposure to high air temperatures affects the body’s natural 9 

mechanism to regulate its internal temperature leading to heat stress, hyperthermia, heat stroke, and 10 

ultimately causing death (Marcus Sarofim et al., 2016). Likewise, exposure to low air temperatures 11 

can cause increased blood pressure, vasoconstriction, blood viscosity, and plasma fibrinogen, which 12 

may lead to adverse cardiovascular events (Raven et al., 1970). Low air temperature can also induce 13 

bronchoconstriction, suppress immunological mechanisms, and increase respiratory infection risk 14 

(Eccles, 2002). 15 

Health-related quality of life (HRQOL) is a multidimensional concept describing an individual's 16 

health in different live domains and has been used in many previous studies (Dorr et al., 2006; Mapes 17 

et al., 2003; Tsai et al., 2007). HRQOL can be measured using tools like the 5-level EuroQol five 18 

dimensions questionnaire (EQ-5D-5L) (Stolk et al., 2019). This questionnaire covers five domains 19 

related to physical and mental health. In addition to EQ-5D, self-rated health (SRH) and comparative 20 

self-rated health (CSRH) are further measures to investigate self-perceived health status. Self-21 

perceived health is a widely used subjective health concept that covers all aspects of health following 22 

the definition of the World Health Organization (WHO), i.e., an individual's biological, social, and 23 

mental well-being (Stanojevic et al., 2017). Clinicians usually overlook subjective self-reported 24 

scales since they are considered less reliable than objectively evaluated health measures (Desalvo and 25 

Muntner, 2011; Puvill et al., 2017; Sternhagen Nielsen et al., 2008). However, existing literature has 26 

shown that subjective health scales can strongly predict mortality (Jylhä, 2009; Karen DeSalvo et al., 27 

2006) and effectively represent the individual’s perception of his/her daily life quality and health (E 28 

L Idler and Y Benyamini, 1997; Jylhä et al., 2006). 29 

Traditionally, clinical diagnoses or results of physiological measurements have been used to indicate 30 

morbidity in studies on the health effects of air temperature. However, these do not represent the 31 

individual’s perception of their life and health. To the best of our knowledge, only one study from 32 
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China has investigated the short-term association of ambient air temperature with HRQOL or self-1 

rated health (Yang et al., 2022). They reported that exposure to high temperatures and temperature 2 

fluctuations decreased the self-rated health scores, which referred to body pain and impairments of 3 

usual activities due to physical or mental health reasons in the past month (Yang et al., 2022). 4 

Additionally, only three other studies have investigated the association of short-term indoor air 5 

temperature with self-rated health. These studies concluded that exposure to high or low indoor air 6 

temperatures could cause lower self-rated health scores (Li et al., 2020; Sutton-Klein et al., 2021; 7 

Van Loenhout et al., 2015). In this study, we therefore investigated whether non-optimum ambient 8 

temperature is associated with self-perceived health measures of participants in the Augsburg region 9 

of Southern Germany.  10 

Methods 11 

Study population 12 

 13 

This cross-sectional study is based on data collected in the population-based Cooperative Health 14 

Research in the Region of Augsburg (KORA) cohort study, Germany (Holle et al., 2005). Four cross-15 

sectional surveys of KORA (S1: 1984/1985, S2: 1989/1990, S3: 1994/1995, S4: 1999/2000) and 16 

multiple follow-ups have been conducted since 1984. The KORA FIT follow-up study was conducted 17 

from January 2018 to June 2019, comprising all KORA participants born between 1945 and 1964. 18 

We excluded KORA participants who were deceased, moved outside the study area, or moved to an 19 

unknown address before the KORA FIT examination, leaving 4748 individuals eligible for the 20 

KORA-FIT survey. Of these, 365 individuals could not be reached, 394 did not have time, and 930 21 

were unwilling to participate. We re-examined the remaining 3059 participants in the KORA-FIT 22 

survey (64.4% of all eligible individuals).  23 

Our study analyzed a subgroup of KORA FIT participants involved in the INGER project (N=2,624). 24 

The INGER project (Kraus et al., 2023) aimed to integrate sex/gender themes into environmental 25 

health research and collected data via a newly developed questionnaire with modules on diverse 26 

biological and social aspects of gender along with information on green spaces. We further excluded 27 

participants lacking geocoding information, having missing data in outcomes, or having missing data 28 

in covariates in the main model, resulting in 2,602 participants in this study.  The exclusion process 29 

is shown in Figure 1. 30 

Personal and clinical characteristics, medication intake, and disease history were collected through 31 

self-administrated questionnaires, interviews, and physical examinations at the study center. The 32 
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ethics committee of the Bavarian Chamber of Physicians approved the study (KORA-Fit EC No 1 

17040). All study participants gave written informed consent, and the study was performed in 2 

accordance with the Declaration of Helsinki.  3 

 4 

 5 

6 

Participants in KORA FIT survey: N=3059 

Participants in analyses: N=2602 

Participants not in INGER sub study 

(N=435) 

Participants without geocoding 

information (N=9)  

Missing data in covariates in the main 

model (N=4) 

Missing data in outcomes (N=9) 

Individuals eligible for KORA FIT survey: N=4748 

Individuals could not be reached 

(N=365) 

Individuals not having time (N=394) 

Individuals unwilling to participate 

(N=930) 

Figure 1: Flow chart of number of participants in the KORA INGER Project 
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Outcomes 1 

 2 

As an outcome measure, we assessed HRQoL using the EQ-5D-5L instrument (Janssen et al., 2013). 3 

It contains a descriptive system asking five key questions on mobility, self-care, usual activities, 4 

pain/discomfort, and anxiety/depression, which were answered by the participants themselves. We 5 

used the EQ-5D-5L version, in which each dimension has five answer levels: no problems, slight 6 

problems, moderate problems, severe problems, and unable or extreme problems. An EQ-5D index 7 

value was calculated to represent the health status as a single number. The calculation of the index 8 

value was done using the German value set (Ludwig et al., 2018). The range of the index value in our 9 

study was +1.000 to -0.131 (a lower number indicates worse health status). The EQ-5D instrument 10 

also includes a measure of SRH: a visual analog scale (EQ-VAS), on which participants were asked 11 

to mark their current health status between 0 (worst imaginable health) and 100 (best imaginable 12 

health).  13 

In the analyses using individual dimensions as outcomes, the five answer levels were dichotomized 14 

as “no problems” (level 1), and slight, moderate, severe, and unable or extreme problems (level 2 to 15 

level 5) were merged into “any problems” as per EQ-5D-5L user guidelines (EuroQol Research 16 

Foundation, 2019)  17 

Self-rated health (SRH) was assessed using a single question, “How would you rate your current 18 

physical condition?” with responses on a 4-point scale: very good, good, less good, and bad. We 19 

dichotomized responses to 0 = good by merging very good and good and 1 = bad by merging less 20 

good and bad.  21 

Comparative self-rated health (CSRH) was also assessed by a single question, “How would you rate 22 

your health in comparison to other people of your age?” with responses on a 4-point scale: better, 23 

worse, the same, I don’t know. The response was dichotomized with the values 0=better by merging 24 

better, the same, and I don’t know, and 1=worse as per EQ-5D-5L user guidelines.  25 

Exposure 26 

 27 

In this study, our exposure of interest was daily mean ambient air temperature. The daily mean air 28 

temperature was estimated at a resolution of 1 × 1 km using a spatio-temporal model and assigned to 29 

participants’ home addresses. Daily mean air temperature was estimated using a multi-stage 30 

regression-based approach and a combination of satellite land surface temperature data, ground-based 31 

air temperature measurements, and various remote sensing spatial predictors (Nikolaou et al., 2023). 32 
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Especially for the Augsburg region, our study area, the mean air temperature model was extensively 1 

validated against an independent and dense monitoring network of 82 stations and achieved very good 2 

performance (R2 = 0.99 and Root Mean Square Error = 1.07oC).  3 

Covariates 4 

 5 

Previous literature was used to obtain information about potential confounders. We used month, year, 6 

weekday age, sex, socioeconomic status, living with a partner, physical activity, BMI, history of 7 

diabetes, angina pectoris, asthma, fine particulate matter (PM2.5; aerodynamic diameter ≤ 2.5 μm), 8 

and Ozone (O3) as covariates. 9 

Age was used as a continuous variable. Sex was operationalized dichotomously with the categories 10 

“female” and “male” without further distinguishing between biological sex or gender being related to 11 

social and structural factors. Socioeconomic status was measured using the Helmert Index (low score 12 

shows poor socioeconomic status) (Helmert and Shea, 1994). Living with a partner was categorized 13 

as yes or no. 14 

Physical activity was divided into four levels, i.e., regularly more than 2 hours a week, regularly about 15 

1 hour a week, irregularly approximately 1 hour a week, and almost no or no physical activity. Body 16 

Mass Index (BMI) was included as a continuous variable measured in kg/m2.  17 

Medical history variables included history of angina, diabetes, or asthma as binary variables i.e., yes 18 

or no.  19 

Data on daily NO2 concentrations were obtained from an urban background station (BourgesPlatz) 20 

located 2 km north of the city center. O3 concentrations were measured at the monitoring station 21 

(LfU) located approximately 4 km south of the city center. Daily average PM2.5 (PM2.5; aerodynamic 22 

diameter ≤ 2.5 μm) was obtained from an aerosol monitoring station (FH) located 1 km southeast of 23 

the city center. This monitoring station was established in 2004 and is considered a representative of 24 

the urban background in Augsburg. 25 

Statistical Analysis 26 

 27 

We used regression models with the distributed lag non-linear modeling (DLNM) approach to explore 28 

the association of daily mean air temperature with EQ-5D index value and EQ-VAS. The DLNM uses 29 

a “cross-over basis” function to simultaneously define the shape of the association of the dependent 30 

variable with the independent variable and the time lag structure.  31 
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A lag period of 21 days was selected to capture the overall and delayed effect of temperature as well. 1 

For the cross-basis, we defined air temperature with a natural cubic spline having three knots placed 2 

at the 25th, 50th, and 75th percentile. Natural cubic splines with three knots placed at equally spaced 3 

positions were used to investigate the lag structure. In the second analysis stage, we investigated the 4 

association of daily mean air temperature with individual dichotomized dimensions of EQ-5D-5L, as 5 

well as SRH and CSRH. Since the outcome variables were dichotomous, we incorporated a multiple 6 

logistic regression model with the DLNM approach to estimate the effects.  7 

A stepwise forward selection method reducing the Bayesian Information Criterion (BIC) was used to 8 

select covariates from a large set of potential covariates. The selection process was done in four steps. 9 

In the first step, we ran the model with age, sex, living with a partner, education years, income, 10 

working status, and socioeconomic status offered for selection. In the second step, we offered BMI, 11 

physical activity, smoking status, and alcohol consumption. In the third step, a history of 12 

hypertension, diabetes mellitus, myocardial infarction, angina pectoris, COPD, and asthma were 13 

offered for selection. In the final step, we offered air pollutants such as PM10, PM2.5, O3, and NO2. 14 

The selection process was carried out with each of the outcomes. There was only one final model for 15 

all outcomes consisting of all the covariates resulting from outcome-specific selection processes. The 16 

final model included the following covariates: age, sex, socioeconomic status, living with a partner, 17 

physical activity in categories, BMI, Angina, Diabetes, Asthma, PM2.5, and Ozone (O3). In addition 18 

to these, month, year, and weekday covariates were also included in the final model to control time 19 

and seasonal trends.   20 

All the analyses were performed using the R program for statistical computing (version 1.4.1106) 21 

with the packages “mgcv” and “dlnm” (Gasparrinia et al., 2010; Wood, 2006). Results were reported 22 

as absolute differences and odds ratios with 95% confidence intervals for moderate and more extreme 23 

heat and cold. 24 

Sensitivity Analyses 25 

 26 

As sensitivity analyses, we varied the modeling parameters and used a 14-day lag period for daily 27 

mean temperature. Additionally, we ran the models by placing the knots for the exposure-response 28 

function at the 10th, 25th, 50th, and 75th percentile. We also checked the robustness of our results by 29 

introducing NO2 as a covariate in the model. As an additional sensitivity check, we investigated effect 30 

modification by incorporating an interaction term between the cross-basis of air temperature and the 31 

effect modifier in the regression model. The potential effect modifiers included age (<65 years vs. >= 32 

65 years), sex (male vs. female), comorbidity (angina pectoris, asthma, and diabetes mellitus), and 33 
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self-reports on green spaces (greenness of the participants’ neighborhood and access of public green 1 

spaces) (supplementary file). 2 

Results 3 

 4 

Tables 1 and 2 show the basic descriptive statistics of the study population and exposure variables. 5 

The mean age of the participants was 64 years, with 54.6% male and 45.4% female. Moreover, the 6 

average socioeconomic status of the participants was 14.9, which reflects a medium status as per the 7 

global Helmert index. The daily mean air temperature during the study period was 9.2± 7.9°C. The 8 

average daily concentrations of PM2.5, PM10, O3, and NO2 were 14.2, 19.7, 46.5, and 28.2 µg/m3, 9 

respectively. 10 

Table 1: Descriptive statistics of the study population (N= 2602) during the study period 2018-2019 11 

Variable (unit) Mean ± SD or N (%) 

Personal characteristics  

 

Age (years) 

 

Sex 

Male  

Female  

 

Live with a partner  

Yes 

No 

 

 

Socioeconomic status c 

 

Physical activity 

regularly more than 2 hours a week                                                                                  

regularly about 1 hour a week                                                                                                                                                   

irregularly approx. 1 hour a week                                         

almost no or no physical activity 

 

Body Mass Index (BMI, kg/m2)                                           

 

 

 

64.0 ± 5.4 

 

 

1420 (54.6) 

1182 (45.4) 

 

 

2058 (79.1) 

544 (20.9) 

 

 

14.9 ± 5.0 

 

 

1015 (39.0) 

885 (34.0) 

320 (12.3) 

382 (14.7) 

 

 

28.0 ±5.2 

Disease history d 

 

Angina pectoris                                                     

Yes 

No  

 

 

 

 

99 (3.8) 

2493 (95.8) 
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21 
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Diabetes mellitus               

Yes                                                                                                                                                                                                                                                                                                                                   

 No  

 

Bronchial asthma 

Yes  

No 

 

                                              

 

 

206 (7.9) 

2393(92.0) 

 

 

207 (8.0) 

2335(89.7) 

Outcomes  

HRQOL: EQ-5D-5L index value a 

 

 

Dichotomized EQ-5D-5L dimensions 

 Mobility 

Problem in walking around 

 

 Self-care 

Problem in washing or dressing 

 

 Usual activities 

Problem in doing day to day activities 

 

 Pain/Discomfort  

Have pain or discomfort 

 

 Anxiety/Depression 

Have anxiety or depression 

 

HRQOL: EQ VAS scale b 

 

Self-rated health: physical health 

having a bad physical condition 

 

Self-rated health: Comparative 

health  

Worse in comparison to own age 

group 

 

 

 

 

0.9 ± 0.1 

 

 

 

 

 

725 (27.9) 

 

 

84 (3.2) 

 

 

364 (14.0) 

 

 

 

1612 (62.0) 

 

 

705 (27.1) 

 

79.2±14.6 

 

 

435 (16.7) 

 

 

 

210 (8.1) 

a EQ-5D-index value: +1 to -0.131  (lower numbers indicate poor health status)  1 

b  EQ-VAS: Scale from 0 to 100 (0 is the worst health)      2 

c Individual socioeconomic status (SES) according to Helmert index  3 
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d Missing data: angina pectoris: 10 observations (0.4%), diabetes mellitus: 3 observations (0.1%), bronchial 1 

Asthma: 60 observations (2.3%)  2 

Table 2: Descriptive statistics of environmental variables during study period 2018-2019 3 

Variable (Units)  Mean ± SD Minimum Maximum 

    

Air temperature (°C) 9.2± 7.9 -12.3 27.3 

Air pollutants (µg/m3)    

PM2.5 14.2±9.3 1.3 65.0 

O3 46.5±23.8 0.4 102.9 

NO2 28.2±11.0 5.8 60.4 

 4 

We analyzed the association of daily mean air temperature with EQ-5D index value and the 5 

dichotomized EQ-5D-5L dimensions. The results of our analysis are shown in Table 3. The daily 6 

mean air temperature was not associated with the EQ-5D index value in any temperature range of our 7 

study. However, we found a significant effect of moderate cold (OR: 0.38, 95% CI: 0.18, 0.84)   and 8 

extreme cold (OR: 0.13, 95% CI: 0.02, 0.93) with the dimension “usual activities.” We did not report 9 

effect estimates for one EQ-5D-5L domain, i.e., “problem in taking care of yourself,” as there were a 10 

very limited number of observations. Additionally, our results did not show any association of daily 11 

mean temperature with the EQ-VAS, SRH, or CSRH of participants.  12 

 13 

Table 3: Absolute changes (95%CI) in EQ-5D-index value and EQ-VAS and odds ratios (95% CI) of having any problems in EQ-5D-5L 14 
dimensions and of worse SRH and CSRH for the association with the 21-day lag of daily mean air temperature during the study 15 
period 2018-2019. 16 

Outcome Moderate Heat1 Extreme Heat2 Moderate Cold3  Extreme Cold4 

EQ-5D index value -0.010(-0.064, 
0.045) 

-0.039(-0.151, 
0.074) 

0.000(-0.029, 
0.030) 

-0.019(-0.096, 0.058) 

EQ-VAS  -2.389(-8.361, 
3.582) 

-4.401(-16.787, 
7.985) 

2.253(-1.004, 
5.510) 

7.025(-1.436, 15.485) 

Dichotomized EQ-
5D-5L Dimensions 

    

having problem in 
mobility 

1.01(0.37, 2.74) 1.64(0.21, 13.09) 0.73(0.42, 1.29) 1.20(0.28, 5.24) 

having problem in 
usual activities 

1.07(0.29, 3.88) 1.49(0.10, 21.67) 0.38(0.18, 0.84) 0.13(0.02, 0.93) 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



11 
 

having 
pain/discomfort 

0.96(0.38, 2.47) 1.22(0.17, 8.54) 0.84(0.51, 1.38) 0.72(0.20, 2.60) 

having 
anxiety/depression 

1.37(0.50, 3.78) 2.08(0.25, 16.94) 0.75(0.43, 1.32) 0.68(0.16, 2.87) 

Self-rated health 
(SRH) 

1.08(0.31, 3.83) 1.24(0.09, 17.10) 1.21(0.62, 2.35) 1.69(0.30, 9.46) 

Comparative Self-
rated health (CSRH) 

2.15(0.38, 12.24) 4.90(0.13, 180.07) 0.77(0.31, 1.96) 0.65(0.06, 7.05) 

 1 

1The 95th percentile of air temperature (21.2°C) relative to the 75th percentile of air temperature (16.0°C) 2 

2The 99th percentile of air temperature (24.5°C) relative to the 75th percentile of air temperature (16.0°C) 3 

3The 5th percentile of air temperature (-3.5 °C) relative to the 25th percentile of air temperature (3.1°C) 4 

4The 1st percentile of air temperature (-7.3 °C) relative to the 25th percentile of air temperature (3.1°C) 5 

We confirmed the robustness of our results with sensitivity analyses. Results have been provided in 6 

a supplementary file.   7 

  8 
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Discussion 1 

 2 

This study investigated the association of daily mean air temperature with self-perceived health status 3 

in the KORA FIT study in Augsburg, Germany. We did not find any increased risk of poor health-4 

related quality of life, assessed by using the EQ-5D-5L questionnaire or self-rated and comparative 5 

self-rated health with heat or cold. However, a protective association of low temperature with the 6 

dimension “usual activities” was observed.  7 

We hypothesized that low and high temperatures might be associated with poor self-perceived health. 8 

Our findings were contrary to our hypothesis. We found that daily mean temperature is not associated 9 

with the self-perceived health status of the participants. However, there has been only one study from 10 

China that investigated the association of ambient temperatures with the HRQOL or self-rated health 11 

score of the participants. They reported that the participants' self-rated health score decreased with 12 

high temperatures and temperature fluctuation (Yang et al., 2022). However, our results contrast with 13 

that study. A possible explanation for contradictory results could be because of differences in the use 14 

of health indicators.  15 

Previous studies have shown that high ambient temperatures are correlated with indoor temperature 16 

during summertime (Nguyen et al., 2013; Zuurbier et al., 2021). Chen et al. reported that there is only 17 

a little air conditioning in residential buildings in Augsburg, which should make people more 18 

vulnerable to heat and high temperatures (Chen et al., 2019). In contrast to what could be concluded 19 

based on our results, studies have found high indoor temperature to be associated with decreased 20 

SRH. For example, a study from England investigated the association of indoor temperature with 21 

self-rated health (Sutton-Klein et al., 2021). SRH was assessed by asking a question, “How is your 22 

health in general” and participants reported through five answer options “very good, good, fair, bad 23 

or very bad”. This study reported that high indoor temperatures cause worse self-rated health (Sutton-24 

Klein et al., 2021). Another study from the United States investigated the association of indoor 25 

temperatures with self-reported mental health (Li et al., 2020). It was assessed by asking a question 26 

“Thinking about your mental health, which includes stress, depression, and problems with emotions, 27 

for how many days during the past 30 days was your mental health not good?”. They reported that 28 

cooler days from the previous month reduce the likelihood of reporting bad mental health, while 29 

hotter days increase the probability (Li et al., 2020). A potential reason for not finding an association 30 

between ambient temperature and self-rated health could be that our study subjects were, in general, 31 

in good health, with only a few participants having a history of chronic diseases and not that old, as 32 

the mean age was 65 years. Moreover, participants with chronic diseases may have poor self-33 
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assessments of their health due to their diseases, and temperature effects might be too weak to be 1 

observed beyond that. Additionally, temperatures in our study were perhaps not high enough (Mean: 2 

9.2, SD: 7.9 °C) to cause any potential harm to individuals’ health.  3 

We found no adverse association between high temperatures and the domain “usual activities”. 4 

However, a protective effect of moderate and extreme cold on the domain “usual activities” of 5 

participants was reported. To the best of our knowledge, there are no previous studies on the 6 

association of temperature with the domain “usual activities.” However, previous literature has 7 

reported that extreme temperatures can cause physiological effects, which may reduce the capacity 8 

to perform daily activities (Kjellstrom et al., 2009; Robert Bridger, 2008). For example, a study 9 

investigated the effect of air temperature on labor productivity in telecommunication offices (Niemelä 10 

et al., 2002). The study was conducted as a case-control study in two call centers. The intervention 11 

was conducted by installing an air conditioner in one call center. Results showed that the call center 12 

with no air conditioning and elevated temperature had significantly lower work productivity than the 13 

one with an air conditioning work environment (Niemelä et al., 2002).  14 

Our results also suggested that daily low or high mean temperatures are not associated with the 15 

domain “pain or discomfort.” However, we did not find any suitable previous studies to compare our 16 

findings. We also did not find any association of temperature with the domain “depression/anxiety.” 17 

In contrast to our findings, previous literature has reported that low or high ambient temperatures 18 

could increase the risk of depression and mental health problems (Ning Jiang et al., 2022; Wang et 19 

al., 2014). As previously mentioned, our study participants were generally in good health. People 20 

with good health status can cope with stressful situations better, which could be a reason for not 21 

finding any association in our study.  22 

This study has several strengths. To the best of our knowledge, only three other studies have evaluated 23 

the association of temperature with self-perceived health status. Moreover, this study is based on a 24 

well-explored and extensive study population. In addition, a wide range of participants’ information 25 

is available from the survey, which allowed us to select the important potential confounders. 26 

However, there are some limitations in this study as well. Firstly, information about the participants 27 

was collected at a single time point for each individual, so causal relationships cannot be concluded. 28 

Secondly, self-rated health is an all-inclusive concept with various influencing variables that might 29 

not all have been adequately adjusted. Thirdly, there could be the possibility of reverse causation. We 30 

observed the protective effect of cold weather. One reason could be that in extremely cold weather, 31 

people are staying at home, which may improve the self-perceived health status of individuals. This 32 

could be a sign of reverse causations due to the cross-sectional nature of the study.  33 
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In conclusion, our study does not indicate any short-term effect of daily mean temperature on self-1 

perceived health in the participants of the KORA FIT study in Southern Germany.  2 

  3 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



15 
 

Research funding:  1 

This research was supported by the Academy of Finland (grant number 329304) and Kuopio 2 

University Foundation grant. The KORA study was initiated and financed by the Helmholtz Zentrum 3 

München – German Research Center for Environmental Health, which is funded by the German 4 

Federal Ministry of Education and Research (BMBF) and by the State of Bavaria. Data collection in 5 

the KORA study is done in cooperation with the University Hospital of Augsburg. 6 

Acknowledgement: 7 

We thank all participants for their long-term commitment to the KORA study, the staff for data 8 

collection and research data management, and the members of the KORA Study Group 9 

(https://www.helmholtz-munich.de/en/epi/cohort/kora) who are responsible for the design and 10 

conduct of the study.  11 

  12 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



16 
 

References:  1 

Basu, R., 2009. High ambient temperature and mortality: A review of epidemiologic studies from 2001 to 2 

2008. Environ Health 8, 1–13. https://doi.org/10.1186/1476-069X-8-40/TABLES/3 3 

Chen, K., Breitner, S., Wolf, K., Hampel, R., Meisinger, C., Heier, M., Von Scheidt, W., Kuch, B., Peters, A., 4 

Schneider, A., 2019. Temporal variations in the triggering of myocardial infarction by air temperature 5 

in Augsburg. Eur Heart J 40, 1600–1608. https://doi.org/10.1093/eurheartj/ehz116 6 

Desalvo, K.B., Muntner, P., 2011. Discordance Between Physician and Patient Self-Rated Health and All-7 

Cause Mortality. Ochsner J. 11, 232–240. 8 

Deschenes, O., 2013. Temperature, human health, and adaptation: A review of the empirical literature ☆. 9 

https://doi.org/10.1016/j.eneco.2013.10.013 10 

Dorr, D.A., Jones, S.S., Burns, L., Donnelly, S.M., Brunker, C.P., Wilcox, A., Clayton, P.D., 2006. Use of Health-11 

Related, Quality-of-Life Metrics to Predict Mortality and Hospitalizations in Community-Dwelling 12 

Seniors. J Am Geriatr Soc 54, 667–673. https://doi.org/10.1111/j.1532-5415.2006.00681.x 13 

E L Idler, Y Benyamini, 1997. Self-rated health and mortality: a review of twenty-seven community studies. J 14 

Health Soc Behav 38, 21–37. 15 

Eccles, R., 2002. An Explanation for the Seasonality of Acute Upper Respiratory Tract Viral Infections. Acta 16 

Otolaryngol 122, 183–191. https://doi.org/10.1080/00016480252814207 17 

EuroQol Research Foundation, 2019. EQ-5D-5L User Guide, 2019. 18 

Gasparrinia, A., Armstrong, B., Kenward, M.G., 2010. Distributed lag non-linear models. Stat Med 29, 2224–19 

2234. https://doi.org/10.1002/SIM.3940 20 

Green, H., Bailey, J., Schwarz, L., Vanos, J., Ebi, K., Benmarhnia, T., 2019. Impact of heat on mortality and 21 

morbidity in low and middle income countries: A review of the epidemiological evidence and 22 

considerations for future research. https://doi.org/10.1016/j.envres.2019.01.010 23 

Gronlund, C.J., Sullivan, K.P., Kefelegn, Y., Cameron, L., O’neill, M.S., 2018. Climate change and temperature 24 

extremes: A review of heat-and cold-related morbidity and mortality concerns of municipalities. 25 

https://doi.org/10.1016/j.maturitas.2018.06.002 26 

Helmert, U., Shea, S., 1994. Social inequalities and health status in western Germany. Public Health 108, 27 

341–356. https://doi.org/10.1016/S0033-3506(05)80070-8 28 

Holle, R., Happich, M., Löwel, H., Wichmann, H.E., 2005. KORA-A Research Platform for Population Based 29 

Health Research. Gesundheitswesen 67, 19–25. https://doi.org/10.1055/s-2005-858235 30 

IPCC, 2018. Global Warming of 1.5°C. An IPCC special report on the impacts of global warming of 1.5°C 31 

above pre-industrial levels and related global greenhouse gas emission pathways, in the context of 32 

strengthening the global response to the threat of climate change, sustainable development, and 33 

efforts to eradicate poverty. [WWW Document]. URL https://www.ipcc.ch/sr15/ (accessed 12.27.23). 34 

Janssen, M.F., Pickard, A.S., Golicki, D., Gudex, C., Niewada, M., Scalone, L., Swinburn, P., Busschbach, J., 35 

2013. Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across eight patient 36 

groups: a multi-country study. Quality of Life Research 22, 1717. https://doi.org/10.1007/S11136-012-37 

0322-4 38 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



17 
 

Jylhä, M., 2009. What is self-rated health and why does it predict mortality? Towards a unified conceptual 1 

model. Soc Sci Med 69, 307–316. https://doi.org/10.1016/J.SOCSCIMED.2009.05.013 2 

Jylhä, M., Volpato, S., Guralnik, J.M., 2006. Self-rated health showed a graded association with frequently 3 

used biomarkers in a large population sample. J Clin Epidemiol 59, 465–71. 4 

https://doi.org/10.1016/j.jclinepi.2005.12.004 5 

Karen DeSalvo, A.B., Bloser, N., Reynolds, K., He, J., Muntner, P., 2006. Mortality Prediction with a Single 6 

General Self-Rated Health Question. J Gen Intern Med 21, 267–75. https://doi.org/10.1111/j.1525-7 

1497.2005.0291.x 8 

Kjellstrom, T., Holmer, I., Lemke, B., 2009. Workplace heat stress, health and productivity-an increasing 9 

challenge for low and middle-income countries during climate change. Glob Health Action 2. 10 

https://doi.org/10.3402/GHA.V2I0.2047 11 

Kraus, U., Jacke, K., Dandolo, L., Debiak, M., Fichter, S., Groth, K., Kolossa-Gehring, M., Hartig, C., 12 

Horstmann, S., Schneider, A., Palm, K., Bolte, G., 2023. Operationalization of a multidimensional 13 

sex/gender concept for quantitative environmental health research and implementation in the KORA 14 

study: Results of the collaborative research project INGER. Front Public Health 11. 15 

https://doi.org/10.3389/FPUBH.2023.1128918/FULL 16 

Lee, J.Y., Kim, H., Gasparrini, A., Armstrong, B., Bell, M.L., Sera, F., Lavigne, E., Abrutzky, R., Tong, S., De, M., 17 

Zanotti, S., Coelho, S., Hilario, P., Saldiva, N., Matus Correa, P., Valdes Ortega, N., Kan, H., Osorio 18 

Garcia, S., Kyselý, J., Urban, A., Orru, H., Indermitte, E., Jaakkola, J.J.K., Ryti, N.R.I., Pascal, M., 19 

Goodman, P.G., Zeka, A., Michelozzi, P., Scortichini, M., Hashizume, M., Honda, Y., Hurtado, M., Cruz, 20 

J., Seposo, X., Nunes, B., Teixeira, J.P., Tobias, A., Íñiguez, C., Vicedo-Cabrera, A.M., Ragettli, M.S., 21 

Leon, Y.-L., Aj, G., Chen, B.-Y., Zanobetti, A., Schwartz, J., Dang Al, T.N., Overcenco, A., Li, S., Guo, Y., 22 

City, C.M., Chi, H., City, M., Nam, V., 2019. Predicted temperature-increase-induced global health 23 

burden and its regional variability. https://doi.org/10.1016/j.envint.2019.105027 24 

Li, M., Ferreira, S., Smith, T.A., 2020. Temperature and self-reported mental health in the United States. 25 

https://doi.org/10.1371/journal.pone.0230316 26 

Ludwig, K., Graf Von Der Schulenburg, J.-M., Greiner, W., 2018. German Value Set for the EQ-5D-5L. 27 

Pharmacoeconomics 36, 663–674. https://doi.org/10.1007/s40273-018-0615-8 28 

Mapes, D.L., Lopes, A.A., Satayathum, S., McCullough, K.P., Goodkin, D.A., Locatelli, F., Fukuhara, S., Young, 29 

E.W., Kurokawa, K., Saito, A., Bommer, J., Wolfe, R.A., Held, P.J., Port, F.K., 2003. Health-related 30 

quality of life as a predictor of mortality and hospitalization: The Dialysis Outcomes and Practice 31 

Patterns Study (DOPPS). Kidney Int 64, 339–349. https://doi.org/10.1046/J.1523-1755.2003.00072.X 32 

Marcus Sarofim, Hawkins, M.D., Mills Abt Associates Contributing Authors Jeremy Hess, D.M., Kinney, 33 

Patrick, Schwartz, Joel, St Juliana Abt Associates, A., Saha, S., Mills, D., Hess, J., Horton, R., Kinney, P, 34 

Schwartz, J, St Juliana, A., 2016. TEMPERATURE-RELATED DEATH AND ILLNESS 2 THE IMPACTS OF 35 

CLIMATE CHANGE ON HUMAN HEALTH IN THE UNITED STATES A Scientific Assessment. 36 

https://doi.org/10.7930/J0MG7MDX 37 

Nguyen, J.L., Schwartz, J., Dockery, D.W., 2013. The relationship between indoor and outdoor temperature, 38 

apparent temperature, relative humidity, and absolute humidity. https://doi.org/10.1111/ina.12052 39 

Niemelä, R., Hannula, M., Rautio, S., Reijula, K., Railio, J., 2002. The effect of air temperature on labour 40 

productivity in call centres—a case study. Energy Build 34, 759–764. https://doi.org/10.1016/S0378-41 

7788(02)00094-4 42 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



18 
 

Nikolaou, N., Dallavalle, M., Stafoggia, M., Bouwer, L.M., Peters, A., Chen, K., Wolf, K., Schneider, A., 2023. 1 

High-resolution spatiotemporal modeling of daily near-surface air temperature in Germany over the 2 

period 2000-2020. Environ Res 219, 115062. https://doi.org/10.1016/j.envres.2022.115062 3 

Ning Jiang, Jie Ban, Yuming Guo, Yi Zhang, 2022. The association of ambient temperature with depression in 4 

middle-aged and elderly people: a multicenter prospective repeat survey study in China. Environ. Res. 5 

Lett 17, 084033. https://doi.org/10.1088/1748-9326/ac8498 6 

Puvill, T., Lindenberg, J., Slaets, J.P.J., De Craen, A.J.M., Westendorp, R.G.J., 2017. How is Change in Physical 7 

Health Status Reflected by Reports of Nurses and Older People Themselves? The Journals of 8 

Gerontology: Series A 72, 579–585. https://doi.org/10.1093/GERONA/GLW103 9 

Raven, P.B., Niki, I., Dahms, T.E., Horvath, S.M., 1970. Compensatory cardiovascular responses during an 10 

environmental cold stress, 5 degrees C. J Appl Physiol 29, 417–421. 11 

https://doi.org/10.1152/JAPPL.1970.29.4.417 12 

Robert Bridger, 2008. Introduction to Ergonomics (3rd ed.). 13 

Stanojevic, O., ˇ umskas, L.S., Birt, C.A., Kersnik, J., 2017. Determinants of self-rated health in elderly 14 

populations in urban areas in Slovenia, Lithuania and UK: findings of the EURO-URHIS 2 survey. Eur J 15 

Public Health 27, 74–79. https://doi.org/10.1093/eurpub/ckv097 16 

Sternhagen Nielsen, A.B., Siersma, V., Conradsen Hiort, L., Kreiner, S., Drivsholm, T., Hollnagel, H., 2008. 17 

Self-rated general health among 40-year-old Danes and its association with                all-cause mortality 18 

at 10-, 20-, and 29 years’ follow-up. https://doi.org/10.1177/1403494807085242 36, 3–11. 19 

https://doi.org/10.1177/1403494807085242 20 

Stolk, E., Ludwig, K., Rand, K., Van Hout, B., Ramos-Go~, J.M., 2019. Overview, Update, and Lessons Learned 21 

From the International EQ-5D-5L Valuation Work: Version 2 of the EQ-5D-5L Valuation Protocol. 22 

https://doi.org/10.1016/j.jval.2018.05.010 23 

Sutton-Klein, J., Moody, A., Hamilton, I., Mindell, J.S., 2021. Associations between indoor temperature, self-24 

rated health and socioeconomic position in a cross-sectional study of adults in England. BMJ Open 11, 25 

38500. https://doi.org/10.1136/bmjopen-2020-038500 26 

Tsai, S.-Y., Chi, L.-Y., Lee, C.-H., Chou, P., 2007. Health-related quality of life as a predictor of mortality 27 

among community-dwelling older persons. Eur J Epidemiol 22, 19–26. 28 

https://doi.org/10.1007/s10654-006-9092-z 29 

Van Loenhout, J.A.F., Le Grand, A., Duijm, F., Greven, F., Vink, N.M., Hoek, G., Zuurbier, M., 2015. The effect 30 

of high indoor temperatures on self-perceived health of elderly persons. 31 

https://doi.org/10.1016/j.envres.2015.12.012 32 

Wang, X., Lavigne, E., Ouellette-Kuntz, H., Chen, B.E., 2014. Acute impacts of extreme temperature 33 

exposure on emergency room admissions related to mental and behavior disorders in Toronto, 34 

Canada. J Affect Disord 155, 154–161. https://doi.org/10.1016/J.JAD.2013.10.042 35 

Wood, S.N., 2006. Low-Rank Scale-Invariant Tensor Product Smooths for Generalized Additive Mixed 36 

Models. https://doi.org/10.1111/j.1541-0420.2006.00574.x 37 

Yang, Z., Yang, B., Liu, P., Zhang, Y., Hou, L., Yuan, X.-C., 2022. Exposure to extreme climate decreases self-38 

rated health score: Large-scale survey evidence from China. 39 

https://doi.org/10.1016/j.gloenvcha.2022.102514 40 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



19 
 

Zuurbier, M., Adriaan, J., Van Loenhout, F., Le Grand, A., Greven, F., Duijm, F., Hoek, G., 2021. Street 1 

temperature and building characteristics as determinants of indoor heat exposure. Science of the 2 

Total Environment 766, 144376. https://doi.org/10.1016/j.scitotenv.2020.144376 3 

  4 

 5 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



  

Supplementary Material

Click here to access/download
Supplementary Material
supplementary file.docx

https://www2.cloud.editorialmanager.com/ijheh/download.aspx?id=123318&guid=2db7664a-74af-425b-8639-be5ff33cd797&scheme=1

