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Abstract 

Objective: This study aims to investigate the association between leisure noise 

exposure and blood pressure levels among young adults aged 23-30 years. 

Methods: Cross-sectional data from 917 participants collected during the fifth survey 

(OHRKAN 5) of the OHRKAN longitudinal cohort study were analysed. Blood pressure 

measurements were taken following standardised protocols, and leisure noise 

exposure was surveyed through a detailed questionnaire covering 22 leisure activities. 

A threshold of < / ≥ 80 dB(A) was used for leisure noise exposure level assessment. 

Multivariate logistic regression analysis was performed to examine associations 

between leisure noise exposure and blood pressure levels, adjusting for 

sociodemographic and cardiovascular parameters. 

Results: The OHRKAN 5 cohort showed unusually high rates of elevated blood 

pressure, reaching 43.1% among males and 21.4% among females – substantially 

exceeding rates documented in previous studies of similar age groups. No significant 
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association was observed between leisure noise exposure and blood pressure levels 

(OR = 0.95, 95% CI: 0.70–1.30, p=.7623). However, male gender (OR: 2.71, 95% CI: 

2.01-3.66, p<.0001) and self-reported physician-diagnosed hypertension (OR = 6.19, 

95% CI: 2.15–17.90, p=.0007) showed strong positive associations with hypertensive 

blood pressure levels. A sensitivity analysis with blood pressure treated as a continuous 

variable confirmed these findings. 

Conclusion: No evidence for elevated blood pressure levels related to leisure noise 

exposure was found among the young study population. The voluntary nature of leisure 

noise exposure and potentially different stress responses compared to environmental 

or occupational noise might explain these findings. Future research is needed to further 

investigate these results and explore potential mechanisms underlying the relationship 

between leisure noise exposure and cardiovascular parameters. 

 

Keywords: leisure noise, recreational noise, blood pressure, hypertension, 

cardiovascular risk, young adults  

 

 

Introduction 

Modern urbanisation and contemporary lifestyles have normalised constant noise 

exposure, creating pervasive indoor and outdoor noise pollution that has emerged as 

a significant public health issue worldwide, including in the WHO European Region 

(WHO Regional Office for Europe, 2018). Acute or chronic exposure to excessive levels 

of noise have been linked to a wide array of auditory and non-auditory health effects 

(Basner et al., 2014), ranging from noise-induced hearing impairment (Stansfeld et al., 

2000) to sleep disturbances (Muzet, 2007), to cardiovascular disease (Sørensen et al., 

2012; Van Kempen & Babisch, 2012), impairment of cognitive performance (Song et 

al., 2022), and psychological distress (Badihian et al., 2020). The sources of noise are 

multidimensional and deeply entrenched in modern society. The primary sources of 

noise stem from transportation, industry, and recreational activities, interfering with 

people’s daily life in educational settings, workplaces, homes, and during leisure time. 
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Among the different sources of noise and their effects on human well-being, 

occupational noise exposure is the most frequently studied (Basner et al., 2014) and 

hearing loss is the most investigated and accepted health effect related to noise 

exposure (De Souza et al., 2015).  

However, in recent years, the focus of research has expanded to encompass the 

auditory and non-auditory health effects of leisure noise exposure. Leisure noise is 

generally defined as all sounds that are heard during leisure activities, for example 

going to night clubs and concerts or listening to music via portable listening devices 

(PLDs) such as smartphones. This form of noise exposure is a significant concern 

regarding auditory and non-auditory health effects, particularly among young adults.  

According to Babisch’s noise stress model (Babisch, 2003), noise can be characterised 

through both objective and subjective dimensions. The objective component is 

measurable in decibels, while the subjective component depends on individual 

perception and evaluation of the sound source. The model describes two primary 

pathways through which noise affects health: direct auditory effects from extreme noise 

exposure and non-auditory effects that trigger physiological stress responses. The non-

auditory pathway involves both acute and chronic noise exposure disrupting daily 

activities, sleep, and communication. These disruptions trigger cognitive and emotional 

responses that activate the autonomic nervous system and endocrine pathways, 

leading to increased catecholamine and cortisol levels (Hahad et al., 2019). These 

physiological changes can affect lipid metabolism, glucose regulation, and blood 

pressure control, potentially increasing cardiovascular disease risk. Importantly, the 

stress-mediated health effects of noise exposure are significantly influenced by 

individual perception and the degree of noise annoyance experienced by the listener. 

In contrast to environmental or occupational noise, leisure noise primarily comprises 

sound sources that individuals voluntarily choose to expose themselves to during 

recreational activities, with the ability to control both the frequency and intensity of their 

exposure. Young adults are particularly vulnerable as they tend to expose themselves 

more frequently to leisure noise compared to older adults, often lacking awareness of 

the potential risks to both their auditory and non-auditory health (Degeest et al., 2021). 
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Studies investigating the auditory effects of leisure noise exposure reported 

inconsistent results (Elmazoska et al., 2024). While some studies found no effects of 

leisure noise on hearing ability (Dehnert et al., 2015; Keppler et al., 2015; W. Williams 

et al., 2015), other studies demonstrated that leisure noise-induced hearing 

impairments occur more frequently in individuals with greater leisure-noise exposure, 

who subsequently experience higher rates of tinnitus (Beach et al., 2013), and show 

increased mean hearing threshold levels, particularly at high frequencies of 14,000 Hz 

and 16,000 Hz (Serra et al., 2005; Biassoni et al., 2014).  

While research on the auditory effects of leisure noise exposure has provided mixed 

results, the non-auditory health effects of such exposure remain largely unexplored. To 

address this research gap, this study takes an exploratory approach to investigate 

possible associations between leisure noise exposure and cardiovascular parameters, 

specifically focusing on blood pressure levels among young adults. The main objective 

of this study was to assess whether leisure noise exposure is associated with elevated 

blood pressure levels in a population of young adults.  

 

Methods 

This study utilised a cross-sectional design to analyse the relationship between leisure 

noise exposure and blood pressure levels, using data from the OHRKAN cohort study. 

The OHRKAN cohort study 

The OHRKAN research project is a longitudinal closed cohort study that aims to monitor 

leisure noise exposure and auditory and non-auditory health effects among 

adolescents and young adults. The research project is carried out by the Bavarian 

Health and Food Safety Authority (LGL) in cooperation with the Department for 

Otorhinolaryngology at the University Hospital Regensburg (UKR). The baseline survey 

OHRKAN 1 (O-1) was conducted from summer 2009 to December 2011 among ninth 

grade pupils from all school types in Regensburg, Germany. During the academic years 

2009/2010 and 2010/2011, more than 2,000 young people were enrolled in the study. 

The project has been ongoing for more than 15 years, progressing through multiple 
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phases from the baseline survey O-1 to the current O-6. Throughout this period, the 

same cohort has participated in regular surveys and audiological examinations at 

predetermined intervals. The study was initially approved by the Ethics Committee of 

the University of Regensburg in June 2009 (No. 09/061). The approval has been 

renewed for each subsequent survey of the cohort study. This analysis utilised data 

from the O-5 study wave, which was conducted between January 2020 and July 2022.  

Data collection  

All participants completed a standardised questionnaire collecting information on their 

sociodemographic characteristics (e.g., age, sex, school education level), 

cardiovascular health (e.g., physician diagnosed- hypertension or hyperthyroidism), 

and the time spent on a total of 22 leisure activities (e.g., using portable music players, 

playing video games, going to night clubs, and attending concerts or music festivals) 

per day, week, or month over the past 12 months. Additionally, blood pressure 

measurements were taken for the first time in O-5 as part of a screening at the UKR.  

 

Exposure assessment: Leisure noise  

Participants were asked to report the frequency and duration of their exposure to 

common leisure noise sources. Leisure noise exposure was quantified by deriving 

common sound pressure levels (SPL) of the activities from literature or experts’ 

opinions (Stadler et al., 2024). The reported durations and researched SPLs were used 

to calculate a mean equivalent continuous SPL of all leisure activities for each 

participant (Stadler et al., 2024). For comparison to occupational safety thresholds the 

SPL was extrapolated to an exposure duration of 40h per week as per ISO 

1999:2013(E) (International Organisation for Standardization, 2013) using the equation 

LAeq,40h =  LAeq,tot + 10∗lg (Ttot/40)  where LAeq,tot  is the previously calculated mean 

SPL and Ttot is the sum of time spent on activities (Stadler et al., 2024). Occupational 

threshold levels are referenced with 80 dB(A) as lower exposure action value (LEAV) 

and 85 dB(A) as the upper exposure action value (UEAV) (The European Parliament 

and the Council of the European Union, 2003). Within the OHRKAN cohort study, risky 

leisure noise exposure was defined as exceeding 80 dB(A) averaged over a 40h week 

(Dreher et al., 2018). However, these thresholds are primarily based on hearing ability 
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as a medical endpoint. Existing research on environmental noise suggests that 

cardiovascular risk may begin to increase at noise exposure levels as low as 50 dB(A). 

To date, an association between noise exposure and an increased risk of hypertension 

has only been observed in large-scale prospective studies on aircraft and road traffic 

noise (Hahad et al., 2019), with stronger effects reported for nighttime aircraft noise 

(OR 2.63 [1.21; 5.71] per 10 dB(A) increase in Lnight) (Dimakopoulou et al., 2017) 

compared to road traffic noise (RR 1.03 [0.99; 1.07] per 10 dB(A) increase in Lden) 

(Fuks et al., 2016). These findings suggest that cardiovascular risks from leisure noise 

exposure may arise at noise levels below the established thresholds that are typically 

considered for auditory effects. Accordingly, in this analysis, leisure noise exposure 

was categorised into 10 dB(A) increments, ranging from below 50 dB(A) to above 90 

dB(A), to establish an appropriate threshold. The frequency distribution analysis 

showed that less than one percent of O-5 study participants were exposed to leisure 

noise levels below 50 dB(A). The majority is exposed to noise levels of ≥ 70 dB(A), with 

a significant proportion falling into the categories of ≥ 70 to 80 dB(A) (33.81%) and ≥ 

80 to 90 dB(A) (51.58%). Consequently, the threshold of 80 dB(A) divides the O-5 

cohort into two approximately equal groups. Therefore, a leisure noise exposure value 

of < / ≥ 80 dB(A) is used as a threshold value for the assessment in the present study, 

with the exposure variable dichotomised based on this threshold.  

  

Outcome assessment: Blood pressure level  

The outcome of interest are the blood pressure levels measured during the O-5 study. 

Blood pressure measurements were performed at the UKR in a standardised way, 

using automatic oscillometric blood pressure devices and following a strict protocol: 

The methodology applied in measuring blood pressure in O-5 is based on the German 

Health Interview and Examination Survey for Adults (DEGS1) by (Neuhauser et al., 

2013). In analogy to the approach applied in DEGS1, blood pressure was measured 

three times with a break of three minutes between each measurement. The 

measurement was taken while seated on the left upper arm. No talking was permitted 

during measurements. All examined individuals received their test results. In cases 
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where readings showed high systolic or diastolic blood pressure levels, participants 

were advised to seek medical consultation for further evaluation.  

The average of the second and third measurements was used for analysis (Neuhauser 

et al., 2013). The systolic and diastolic averages of the second and third measurements 

were classified according to the European Society of Hypertension guidelines (B. 

Williams et al., 2018). According to this classification, high blood pressure is defined as 

systolic blood pressure of equal to or higher than 140 mmHg and/or diastolic pressure 

equal to or higher than 90 mmHg. Blood pressure was dichotomised based on the 

threshold values of systolic ≥ 140 or diastolic ≥ 90 mmHg for subsequent statistical 

analysis.  

 

Covariates 

Potential factors influencing blood pressure levels were considered in the analysis, 

alongside total leisure noise exposure. These include age, gender, marital status, other 

sociodemographic characteristics, and cardiovascular health parameters – for example 

previous physician-diagnosed hypertension or hyperthyroidism, or the sensation of an 

irregular or excessively fast heart beat while at rest. 

 

Statistical analysis  

The first step of data analysis was examining the frequency distribution of all variables 

based on the leisure noise threshold level of 80 dB(A). Next, a bivariate analysis was 

conducted to assess the association between all covariates and both the exposure 

(leisure noise threshold) and outcome (blood pressure level) variables, aiming to 

identify potential confounders in the studied association. All variables were categorised, 

and associations were tested using the Chi-squared test. Variables showing an 

association with the outcome at a p-value of <.05 were considered for inclusion in the 

multivariate model. 

The interaction terms between leisure noise exposure and factors such as age, gender, 

school education level, smoking status and cardiovascular health parameters were 
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individually tested and considered for inclusion in the multivariate model. 

Multicollinearity was assessed using variance inflation factor (VIF) analysis, with 

variables excluded if VIF values exceeded 5 (Menard, 2001). 

A multivariate logistic regression model was used to assess the independent 

association between leisure noise exposure and blood pressure level while accounting 

for potential confounders. The model includes only statistically significant covariates 

associated with a high blood pressure level. The reported odds ratios indicate the 

likelihood of having high blood pressure.  

A sensitivity analysis was performed using generalised linear models (GLM) with a 

gamma distribution and forward selection, treating systolic and diastolic blood pressure 

as continuous variables. Beta coefficients (β) from the regression analyses indicate the 

magnitude and direction of the relationship between variables, where a one-unit 

increase in the independent variable corresponds to a β-unit change in the dependent 

variable, while controlling for other variables in the model. 

The significance level of all tests was p <.05 and all analyses were performed with the 

statistical software package SAS version 9.4 (SAS Institute Inc., Cary, NC 27513-2414, 

USA). 

 

Results 

Descriptive statistics and bivariate analyses 

The analysis included 917 participants from the O-5 cohort who provided necessary 

data on leisure noise exposure, blood pressure measurements, and relevant covariates 

such as sociodemographic characteristics and cardiovascular health indicators. Of the 

917 participants, 54.0% (495) were female. The age distribution ranged from 23 to 30 

years, with the majority (44.7%) being 26 years old. Nearly two-thirds of participants 

(63.7%) were categorised to exceeding the leisure noise threshold of 80 dB(A). The 

general characteristics of the study population are presented according to this level of 

leisure noise exposure in Table 1.  



 

9 

 

Table 1: Distribution of General Study Population Characteristics by Leisure Noise Exposure 

 
 

Leisure Noise Exposure 
 

 < 80 dB(A) ≥ 80 dB(A) 
p-value  
Chi-Sq.1  

 N (%) 
N = 333 (36.3) 

N (%) 
N = 584 (63.7) 

 

Age (in years) (26; 0.89)2    

23-25 55 (28.2) 140 (71.8) .0283 

26 156 (38.0) 254 (62.0)  
27-30 122(39.1) 190 (60.9)  
    
Gender    
Female 216 (43.6) 279 (56.4) <.0001 

Male 117 (27.7) 305 (72.3)  
    
School Educationa    
High 282 (37.6) 469 (62.4) .1798 
Intermediate 38 (29.9) 89 (70.1)  
Low 11 (29.7) 26 (70.3)  
    
Employment Status     
employed  270 (35.8) 484 (64.2) .4940 
unemployed 63 (38.6) 100 (61.4)  
    
Marital Statusb    
Single 303 (35.4) 553 (64.6) .0204 

Married 28(50.9) 27 (49.1)  
    
General Health Statusc    
Excellent – very well 274 (37.5) 457 (62.5) .3437 
Well 51 (31.5) 111 (68.5)  
Not very well - bad 6 (33.3) 12 (66.7)  
    
Smoking Behaviourd    
Non-smoker 292 (40.6) 427 (59.4) <.0001 

Smoker 40 (20.4) 156 (79.6)  
    
Physician-diagnosed Hypertensiond    
No 323 (36.2) 569 (63.8) 0.4191 
Yes 9 (45.0) 11 (55.0)  
    
Irregular Heart Beate    
No 268 (37.4) 449 (62.6) .4893 
Yes 53 (34.4) 101 (65.6)  
    
Fast Heart Beatf    
No 226 (38.3) 364 (61.7) .1301 
Yes 82 (32.8) 168 (67.2)  
    
Diagnosis of Hyperthyroidismg    
No 323 (36.8) 554 (63.2) n.a.5 
Yes 3 (25.0) 9 (75.0)  
    
Blood Pressure Level     
Normotensive3  234 (37.2) 395 (62.8) .4087 
Hypertensive4  99 (34.4) 189 (65.6)  
 
1 Statistically significant differences (p < 0.5) between individuals exposed to noise levels of < 80 dB(A) (N = 333) and ≥ 80 

dB(A) (N = 584) are shown in bold.  
2 Mean; SD (standard deviation).  
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3Normotensive: SBP < 140 mmHg and DBP < 90 mmHg  
4Hypertensive: SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg 
If systolic and diastolic blood pressure fall into different categories, the higher category applies.  
5 n.a. = not applicable 
 

Missings: 
a n = 2; b n = 6; c n = 6; d n = 2; e n = 46; f n = 77; g n = 28.  

 

Bivariate analyses using a Chi-squared test were performed to find associations 

between the covariates and both the exposure (Table 1) and outcome variables (Table 

2) in order to identify possible confounding variables for the studied association. 

In terms of leisure noise exposure and gender distribution, males showed significantly 

higher exposure to leisure noise, with 72.3% of men exposed to ≥ 80 dB(A) compared 

to 56.4% of women (p<.0001). The analysis by age groups showed significant 

differences in leisure noise exposure levels exceeding 80 dB(A), with younger 

participants being more likely to experience high noise levels. Specifically, exposure 

above the 80 dB(A) threshold was most prevalent among 23-25-year-olds (71.8%), 

decreased among 26-year-olds (62.0%), and was lowest in the 27-30 age group 

(60.9%). Single individuals had significantly higher leisure noise exposure levels 

(64.6%) compared to married participants (49.1%) (p<.0204). Smoking was also 

significantly associated with higher leisure noise exposure (79.6%) compared to non-

smokers (59.4%) (p<.0001). No significant differences were found in leisure noise 

exposure levels based on school education, employment status, general health status, 

or presence of various cardiovascular conditions including previous physician-

diagnosed hypertension, sensation of irregular or fast heart beat while at rest, or blood 

pressure levels.  

 

The bivariate analysis of the associations between blood pressure levels and relevant 

covariates (Table 2) revealed that 68.6% (629) of participants had normotensive blood 

pressure levels, while 31.4% (288) showed hypertensive levels.  
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Table 2: Associations between Sociodemographic, Health and Cardiovascular Parameters and Blood 
Pressure Level 

 

 

 

 

Blood Pressure Level  

 Normotensive1 Hypertensive2 
p-value  
Chi-Sq.3  

 N (%) 
N = 629 (68.6) 

N (%) 
N = 288 (31.4) 

 

Age (years) (26; 0.89)4    
23-25 129 (66.2) 66 (33.8) .5720 
26 288 (70.2) 122 (29.8)  
27-30 212 (68.0) 100 (32.0)  
    
Gender     
Female 389 (78.6) 106 (21.4) <.0001 

Male 240 (56.9) 182 (43.1)  
    
Educationa    
High 533 (71.0) 218 (29.0) .0019 

Intermediate 77 (60.6) 50 (39.4)  

Low 18 (48.6) 19 (51.4)  

    
Employment Status     
Employed  517 (68.6) 237 (31.4) .9713 
Unemployed 112 (68.7) 51 (31.3)  
    
Marital Statusb    
Single 592 (69.2) 264 (30.8) .2551 
Married 34 (61.8) 21 (38.2)  
    
General Health Statusc    
Excellent – very well 505 (69.1) 226 (30.9) .7482 
Well 110 (67.9) 52 (32.1)  
Not very well - bad 11 (61.1) 7 (38.9)  
    
Smoking Behaviourd    
Non-smoker 497 (69.1) 222 (30.9) .5407 
Smoker 131 (66.8) 65 (33.2)  
    
Physician-diagnosed 
Hypertensiond 

   

No 621 (69.6) 271 (30.4) <.0001 

Yes 5 (25.0) 15 (75.0)  

    
Irregular Heart Beate    
No 484 (67.5) 233 (32.5) .0572 
Yes 116 (75.3) 38 (24.7)  
    
Fast Heart Beatf    
No 396 (67.1) 194 (32.9) .1041 
Yes 182 (72.8) 68 (27.2)  
    
Diagnosis of Hyperthyroidismg    
No 604 (68.9) 273 (31.1) n.a.5 
Yes 10 (83.3) 2 (16.7)  
    
Leisure Noise Exposure    
< 80 dB(A) 265 (70.9) 109 (29.1) .2206 
≥ 80 dB(A) 364 (67.0) 179 (33.0)  
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1Normotensive: SBP < 140 mmHg and DBP < 90 mmHg. 
2Hypertensive: SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg. 
If systolic and diastolic blood pressure fall into different categories, the higher category applies.  
3 Statistically significant differences (p < 0.5) between normotensive (N = 629) and hypertensive (N = 288) individuals are shown 
in bold.  
4 Mean; SD (standard deviation).  
5 n.a. = not applicable 
 
Missings: 
a n = 2; b n = 6; c n = 6; d n = 2; e n = 46; f n = 77; g n = 28. 

 

Gender demonstrated a significant association, with females showing lower rates of 

hypertensive blood pressure (21.4%) compared to males (43.1%) (p<.0001). School 

education level showed significant correlation (p=.0019), with hypertension rates 

increasing as education level decreased: 29.0% in the high education group (higher 

secondary education), 39.4% in the intermediate education group (indermediate 

secondary education), and 51.4% in low education group (basic secondary education 

or no formal school qualification). 

Among participants with previous physician-diagnosed hypertension, 75.0% showed 

hypertensive measurements, compared to only 30.4% among those without a prior 

diagnosis (p<.0001). Age distribution, employment status, marital status, general health 

status, and smoking behaviour showed no significant associations with blood pressure 

levels. 

Regarding cardiovascular parameters, the sensation of irregular heart beat at rest 

showed a marginal association with blood pressure levels (p= .0572) and was therefore 

considered for inclusion in the regression model. Conversely, the sensation of fast heart 

beat at rest showed no significant correlation. The analysis of hyperthyroidism's 

relationship to blood pressure was not applicable due to limited sample size. Notably, 

leisure noise exposure (≥ 80 dB(A)) was not significantly associated with blood 

pressure levels. 

Interaction terms with leisure noise exposure and gender, age, smoking status, and 

school education level were tested but were not significant and were therefore not 

included in the multivariate regression model. Consequently, gender, school education 

level, previous physician-diagnosed hypertension, and the sensation of irregular heart 
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beat while at rest were associated to the outcome of interest (blood pressure level) and 

were included in the regression model along with leisure noise exposure.  

 

Logistic regression analysis 

Table 3 presents the results of the multivariate logistic regression analysis examining 

factors associated with hypertensive blood pressure levels among 917 study 

participants.  

 

Table 3: Adjusted Odds Ratios (aOR) for Hypertensive Blood Pressure Level 

Predictor Variable N = 917 Odds Ratio (95% CI) p-value 

Gender      
Female 495 1,00 (Ref)   

Male 422 2.71 (2.01-3.66) <.0001 

       

School Education      

High 751 1,00 (Ref)   

Intermediate 127 1.72 (1.14-2.58) .0097 

Low  37 2.47 (1.25-4.90) .0095 

    

Physician-diagnosed 
Hypertensiond 

     

No 892 1,00 (Ref)   

Yes 20 6.19 (2.15-17.90) .0007 

       

Irregular Heart Beat      

No 717 1,00 (Ref)   

Yes 154 0.62 (0.41-0.96) .0298 

       

Leisure Noise Exposure      

< 80 dB(A) 374 1,00 (Ref)   

≥ 80 dB(A) 543 0.95 (0.70-1.30) .7623 

Annotations:  
aOR were adjusted for all predictor variables shown in the table.  
Bolded aOR indicate statistical significance (p < 0.05).  

 

The multivariate logistic regression analysis revealed several significant associations 

with hypertensive blood pressure levels. Males showed significantly higher odds of 

having hypertensive blood pressure compared to females (OR: 2.71, 95% CI: 2.01-

3.66, p<.0001). School education level demonstrated a gradient effect, with 

intermediate education (OR: 1.72, 95% CI: 1.14-2.58, p=.0097) and low education (OR: 

2.47, 95% CI: 1.25-4.90, p=.0095) showing increased odds of hypertension compared 
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to high education. A self-reported previous physician-diagnosed hypertension was the 

strongest predictor, with individuals who had been diagnosed previously having a 6-

fold higher likelihood of current hypertension (OR = 6.19, 95% CI: 2.15–17.90, 

p=.0007). Interestingly, self-report of having the sensation of an irregular heart beat 

while at rest was associated with a reduced risk of hypertension (OR = 0.62, 95% CI: 

0.41–0.96, p=.0298).  

Conversely, being exposed to leisure noise ≥ 80 dB(A) was not significantly associated 

with hypertension (OR = 0.95, 95% CI: 0.70–1.30, p=.7623). 

 

Sensitivity analysis 

The results of the sensitivity analysis using continuous systolic and diastolic blood 

pressure values to assess the robustness of the results obtained from the logistic 

regression are presented in Table 4.  

 

Table 4: Sensitivity Analysis with Continuous Systolic and Diastolic Blood Pressure 

Predictor Variable  SBP DBP 

  N = 917 Estimated value 

(Beta) 

p-value Estimated value 

(Beta) 

p-

value 

Gender          

Male 422 .1083 <.0001 .0319 <.0001 

      

School Education          

Intermediate 127 .0018 .8189 .0143 .1493 

Low 37 .0221 .1171 .0115 .5138 

      

Physician-diagnosed 
Hypertension 

         

Yes  20 .0780 <.0001 .0560 .0160 

      

Irregular Heart Beat          

Yes 154 -.0137 .0857 -0.0215 .0299 

      

Leisure Noise Exposure      

≥ 80 dB(A) 543 -.0003 .9560 -.0034 .6421 
Bolded p-value indicates statistical significance (p < 0.05) 
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For systolic blood pressure (SBP), male gender (β=.1083, p<.0001) and previous 

physician-diagnosed hypertension (β=.0780, p<.0001) showed strongly significant 

positive associations. Irregular heart beat demonstrated a trend toward negative 

association, though marginally significant (β=-.0137, p=.0857). Neither intermediate 

(β=.0018, p=.8189) nor low education (β=.0221, p=.1171) showed significant 

associations, and high leisure noise exposure had no effect (β=-.0003, p=.9560). 

For diastolic blood pressure (DBP), male gender again showed significant positive 

association (β=.0319, p<.0001), and previous physician-diagnosed hypertension 

remained significant (β=.0560, p=.0160). Irregular heart beat showed a significant 

negative association (β=-.0215, p=.0299). Education levels showed no significant 

effects (intermediate: β=.0143, p=.1493; low: β=.0115, p=.5138), and high leisure noise 

exposure showed no significant association (β=-.0034, p=.6421). 

The results support the primary logistic regression analysis, confirming that gender and 

self-reported previous physician-diagnosed hypertension are strong predictors of blood 

pressure levels, while leisure noise exposure shows no significant association. The 

association between educational level and blood pressure levels observed in the 

primary analysis was not confirmed in the sensitivity analysis. 

 

Discussion  

Key findings 

This study analysed the relationship between leisure noise exposure (≥ 80 dB(A)) and 

blood pressure levels obtained by a screening among young adults. The blood pressure 

screening revealed an unusually high prevalence of elevated blood pressure levels in 

the young O-5 cohort, with 43.1% among males and 21.4% among females. While no 

significant association was found between leisure noise exposure (≥ 80 dB(A)) and 

blood pressure levels, this study identified some other factors associated with blood 

pressure levels. Male participants showed significantly higher risk of hypertensive blood 

pressure compared to females (OR: 2.71, 95% CI: 2.01-3.66, p<.0001), and 
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participants experiencing the sensation of an irregular heart beat at rest showed lower 

risk of hypertension (OR = 0.62, 95% CI: 0.41–0.96, p=.0298).  

 

Prevalence of hypertensive blood pressure levels 

Compared to typical blood pressure values for young adults aged around 20-30 years, 

the study population in O-5 showed an unusually high prevalence of hypertensive 

measurements (31.4%) in the screening. Schikowski et al. (2020) compared the blood 

pressure measurement methodology, blood pressure distribution, and awareness of 

hypertension in the NAKO study with other population-based studies in Germany 

(DEGS1, CARLA, HNR, KORA-S4, and SHIP-0). The prevalence of unknown, 

uncontrolled hypertension – defined by hypertensive measurements (SBP ≥ 140mmHg 

and/or DBP ≥ 90mmHg) but no self-reported hypertension – was 13% for male 

participants aged 25-34 years in the NAKO study, 10% in the KORA-S4 study, and 19% 

in the SHIP-0 study. The prevalence of hypertensive measurements among female 

participants in these studies ranged between 1% and 4%. The prevalence of 

hypertensive measurements in O-5 was 43.1% among male participants and 21.4% 

among female participants. Both of these rates were higher than those found in 

comparable age groups in other studies. 

Why the prevalence of hypertensive measurements within the O-5 cohort is so much 

higher than in other epidemiological studies from Germany remains largely unclear. 

While the literature points to possible effects of methodological differences on 

estimated hypertension prevalence, the blood pressure screening in O-5 followed the 

standards for blood pressure measurements in epidemiological studies. Three 

measurements were taken using an automatic oscillometric blood pressure device 

following a standardised protocol, with a 5-minute rest period at the beginning and 3-

minute intervals between individual measurements. Analogous to other studies 

mentioned above (DEGS1, CARLA, etc.), in this study the first measurement value was 

discarded and the mean of the second and third measurements was used for analysis. 

While three blood pressure measurements were taken under standardised conditions, 

they were only taken on one study day, which is not sufficient for a clinical diagnosis of 
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hypertension (Neuhauser et al., 2013). In clinical practice, blood pressure is assessed 

based on measurements taken over several days or through 24-hour blood pressure 

monitoring, and blood pressure differences of a few mmHg have limited significance 

(Neuhauser et al., 2013). In epidemiological studies, however, where an entire 

population is examined, the effects of a few mmHg add up and can have 

consequences. The prevalence of hypertension can change significantly, if many 

individuals have blood pressure values that are just slightly above or below the 

hypertension threshold (Neuhauser et al., 2013). Therefore, in epidemiological studies, 

considerable effort is made to standardise and optimise measurements to avoid 

systematic measurement errors.  

While the unusually high prevalence of hypertensive blood pressure values in O-5 

compared to other epidemiological studies is unlikely due to methodological 

differences, it is possible that the hypertension prevalence was to some degree 

overestimated due to the "white coat effect”. The white coat effect refers to elevated 

blood pressure measurements taken in clinical settings and in the presence of medical 

personnel due to stress or nervousness, while values from ambulatory blood pressure 

monitoring (ABPM) or self-measurement at home remain in normal range (Middeke & 

Westhoff, 2020). The white coat effect is not uncommon and can occur in all blood 

pressure categories, both in normotensive and hypertensive ranges (Martin & McGrath, 

2014). The prevalence of the white coat effect is estimated at approximately 15% in the 

general population and 30-40% in individuals with hypertensive measurements 

(Mancia et al., 2021). 

In epidemiological studies with repeated clinical blood pressure measurements at a 

single time point, the occurrence of the white coat effect cannot be prevented. While 

attempts are made to reduce result bias from the white coat effect through a rest period 

at the beginning of measurements and by discarding the first measurement in the 

analysis, this cannot be completely ruled out.  
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Leisure Noise Exposure and Cardiovascular Health Outcomes 

No significant association was found between leisure noise exposure (≥ 80 dB(A)) and 

blood pressure levels in this study, which could be attributed to various methodological 

and physiological factors. The analysis leisure noise threshold of 80 dB(A) may have 

been too high to detect potential cardiovascular effects, considering that environmental 

noise studies have demonstrated cardiovascular risks at significantly lower exposure 

levels below 50 dB(A) (Hahad et al., 2019; Dimakopoulou et al., 2017; Fuks et al., 

2016). However, due to the frequency distribution of the data, it was not possible to 

select a lower threshold, potentially masking cardiovascular health effects in this study. 

Furthermore, individual noise evaluation and associated stress responses may differ 

between leisure noise and other noise sources. While environmental and occupational 

noise exposures are largely involuntary, uncontrollable, and unwanted, leisure noise 

involves sound sources that individuals choose to experience during recreational 

activities, with control over both exposure frequency and intensity (Reybrouck et al., 

2019). The exposed person’s attitude toward and potentially positive association with 

the noise source (such as enjoying music at concerts or social activities) may result in 

a more favourable evaluation of the sound (Reybrouck et al., 2019) and consequently 

trigger a reduced stress response (Babisch, 2003; Basner et al., 2014) compared to 

involuntary noise exposure. While environmental and occupational noise have been 

consistently linked to cardiovascular effects, the potentially different evaluation of stress 

response to leisure noise may help explain the lack of association between leisure 

noise exposure and blood pressure levels found in this analysis.  

Due to the exploratory nature of this study and the lack of previous research examining 

the relationship between leisure noise exposure and blood pressure levels in young 

adults, the findings cannot be directly compared to existing literature. However, this 

novel investigation into potential cardiovascular effects of voluntary noise exposure 

during leisure activities provides an important foundation for future research in this 

emerging field, though the results should be interpreted within the context of its 

exploratory framework. Further studies are needed to validate these findings and 
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explore potential mechanisms underlying the relationship between leisure noise 

exposure and cardiovascular parameters. 

 

Strengths and Limitations 

Despite the novelty of this research, there are several strengths and limitations to be 

considered. It is important to acknowledge that the O-5 survey took place during the 

COVID-19 pandemic, which may have biased the data on leisure noise exposure. The 

pandemic led to widespread lockdowns, social distancing measures, and the closure 

of many leisure venues. Consequently, the data from this period may not accurately 

reflect the usual leisure noise exposure under normal conditions. When interpreting the 

results, it is important to note that the duration of leisure activities was self-reported, 

which may have introduced recall bias. Additionally, SPLs were estimated from 

literature rather than measured data. 

The selection of 80 dB(A) as the threshold for leisure noise exposure is a notable 

limitation of this study. This cutoff was chosen primarily based on the frequency 

distribution of noise exposure in our study population. However, this threshold choice 

should be considered exploratory, particularly regarding cardiovascular effects, as 

research on environmental and occupational noise suggests that cardiovascular risks 

may emerge at lower exposure levels.  

An interesting finding of this study was the significant negative association between 

self-reported sensation of irregular heart beat at rest and blood pressure level (OR = 

0.63, 95% CI: 0.41–0.96, p = 0.0313). Empirical evidence demonstrates a strong 

bidirectional relationship between irregular heart rhythm and hypertension, with atrial 

fibrillation being the most commonly occurring cardiac arrhythmia among hypertensive 

patients (Lip et al., 2017). However, a key limitation of this study is the reliance on self-

reported sensations of irregular heart beat at rest, as these subjective reports may not 

accurately reflect actual cardiac arrhythmias. Without objective measurements through 

medical devices or professional assessment, such self-reported symptoms are 

subjective by nature and could be influenced by perception bias or anxiety. Studies 

examining the relationship between self-reported medical events and medical records 
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have consistently shown limited concordance, indicating that self-reported health data 

often lacks reliability when compared to clinical documentation (Harlow & Linet, 1989; 

Sauver et al., 2005). For instance, a cross-sectional study by Turner et al. (2020) 

examined the accuracy of patient self-assessment in detecting atrial arrhythmias by 

comparing patient perceptions with 12-lead electrocardiogram findings. The findings 

revealed that the sensitivity of patient identification for atrial arrhythmia was relatively 

low, with only 64% of patients in atrial arrhythmia correctly identifying their condition 

(Turner et al., 2020). Furthermore, a study by (Bolland et al., 2013) evaluated the 

accuracy of self-reported cardiovascular events by comparing them against verified 

medical records following a five-year calcium supplementation trial, revealing 

significant discrepancies between participant reports and documented cases: Medical 

verification revealed that 48% of self-reported myocardial infarctions and 42% of self-

reported strokes could not be confirmed. Conversely, among verified cases, 43% of 

myocardial infarctions and 10% of strokes had not been reported by participants 

(Bolland et al., 2013). Similarly, the limitation of self-report also applies to physician-

diagnosed hypertension, which may be subject to recall bias, potentially leading to 

misclassification of hypertensive status in the present study. Despite its strong 

predictive value (OR = 6.19, 95% CI: 2.15–17.90, p=.0007), the reliability of self-

reported physician-diagnosed hypertension warrants careful consideration. The 

questions about self-reported diagnosis may have lacked sufficient precision to capture 

accurate diagnostic information. Moreover, participants might have misinterpreted 

single instances of elevated blood pressure readings during previous medical 

encounters as formal hypertension diagnoses, overlooking that a clinical diagnosis 

requires sustained elevation of blood pressure over multiple measurements and time 

periods. This potential confusion could have introduced measurement error in our 

assessment of previously diagnosed hypertension.  

While this analysis controlled for several established risk factors for hypertension, 

including gender, smoking status, other sociodemographic parameters, and various 

cardiovascular health parameters (such as previous physician-diagnosed hypertension 

or hyperthyroidism, and self-reported sensation of an irregular or fast heart beat at rest), 

some important potential confounders could not be considered. Specifically, data on 
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other known risk factors for hypertension (Kreutz et al., 2024), such as body mass 

index, physical activity levels, alcohol consumption, and stress were not collected in 

this study. Future investigations should incorporate these additional factors to provide 

a more comprehensive understanding of the relationship between leisure noise 

exposure and blood pressure levels. 

Nevertheless, the present study demonstrates several key strengths in its 

methodological approach and findings. Leisure noise exposure was comprehensively 

assessed by considering 22 different leisure activities, providing a more complete 

picture of voluntary noise exposure compared to studies focusing on single activities. 

The large sample size of 917 young adults enhances the statistical power and reliability 

of our findings. Additionally, our results regarding established risk factors for 

hypertension - particularly the strong associations with male gender and previous 

physician-diagnosed hypertension - align with existing literature.  

 

Conclusion 

The high prevalence of elevated blood pressure (31.4%) observed in the O-5 cohort is 

particularly concerning given the young age of the participants (23-30 years). This 

finding is especially significant as young adults represent an understudied demographic 

group, with OHRKAN being one of the few studies conducting repeated examinations 

in this age group in Germany. Despite experiencing significant physical, psychological, 

and social changes, this age group rarely undergoes preventive health screenings, as 

statutory health insurance programs in Germany typically begin at age 35. The O-5 

blood pressure screening results at ages 23-30 therefore provide crucial insights for 

prevention, as there is hardly any other data available for this age group in Germany. 

Subsequent examinations could verify whether these results are valid or represent 

incidental findings, for example due to the white coat effect. The white coat effect is a 

phenomenon where patients experience higher blood pressure readings in medical 

settings than they do at home due to stress or anxiety around medical personnel.  
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In this exploratory analysis, no evidence for an association between leisure noise 

exposure and blood pressure levels among young adults was found. While previous 

research has established links between environmental and occupational noise 

exposure and cardiovascular effects, the findings of this study suggest that leisure 

noise exposure might affect cardiovascular parameters differently, possibly due to its 

voluntary nature and different stress response mechanisms. The strong associations 

found between blood pressure levels and established risk factors such as male gender 

and previous hypertension diagnosis support the validity of our measurement 

approach. This study provides important baseline data in an emerging field where 

current evidence is scarce. However, the results should be interpreted within the 

context of its exploratory framework. Future research should focus on validating these 

findings by incorporating measures of noise perception and stress response, and 

investigating potential mechanisms underlying the relationship between voluntary noise 

exposure and cardiovascular parameters. The distinction between voluntary and 

involuntary noise exposure may be crucial for understanding the complex relationship 

between noise exposure and cardiovascular health. 
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SAS Code 
 

/**--------------------------------------------------------------------------------------------------------------------- 
Master thesis: Leisure noise exposure and blood pressure among young adults: an exploratory 
analysis of the OHRKAN cohort data 
Author:   Judith Kuzla 
Dataset:  ohrkan_f_gesamt_n2148_50db 
-------------------------------------------------------------------------------------------------------------------------  
CONTENT 
1. PREPARATION OF DATASET  
2. DESCRIPTIVE ANALYSIS 
3.  REGRESSION ANALYSIS  
 3.1 LOGISTIC REGRESSION 
 3.2 SENSITIVITY ANALYSIS  
------------------------------------------------------------------------------------------------------------------------- **/; 
 
 
/* 1. PREPARATION OF DATASET*/ 
 
libname library "W:\Daten\AP\AP3\Verfahren\Studenten\Kuzla\SAS\DatenNEU"; 
 
data ohrkan_kardio1;  
set library.ohrkan_f_gesamt_n2148_50db; 
run; 
 
proc contents data= ohrkan_kardio1 varnum; run; 
 
 
/*Nur Teilnehmer aus Ohrkan 5*/ 
data ohrkan_kardio2; 
set ohrkan_kardio1;  
 
if Es1heute_j = . then delete;  
run; 
 
 
data ohrkan_kardio3; 
set ohrkan_kardio2; 
  
*Nur Teilnehmer an Blutdruckmessung; 
if Eoszill1syst = . then delete;  
 
*Mittelwert der 2. und 3. Blutdruckmessung für weitere Analysen;  
syst = (Eoszill2syst + Eoszill3syst)/2; 
diast = (Eoszill2diast + Eoszill3diast)/2; 
run; 
 
proc freq data = ohrkan_kardio3; 
tables syst diast; 
run; 
 
/**  1. PREPARATION OF DATA SET **/ 
 
/*Kategorisierung der Blutdruckmesswerte -> binär: normotensiv und hypertensiv*/  
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data ohrkan_kardio4; 
set ohrkan_kardio3;  
 
if (syst < 140) AND (diast < 90) THEN blutdruck_2kat = "1"; *normotensiv; 
if (syst >= 140) OR (diast >= 90) THEN blutdruck_2kat = "2"; *hypertensiv;  
run;  
 
 
/*Kategorisierung Altersklassen*/ 
 
data ohrkan_kardio5; 
set ohrkan_kardio4;  
 
Es1alter = Es1heute_j - (Es2gebjahr + 1900); 
 
 
*Alter Kategorien; 
if Es1alter =< 25 then Es2alter_kat = "1"; 
if Es1alter = 26 then Es2alter_kat = "2"; 
if Es1alter > 26 then Es2alter_kat = "3"; 
run;  
 
proc means data = ohrkan_kardio5; 
var Es1alter;  
run;  
 
/*Kategorisierung Schulbildung 3 Kategorien*/ 
 
data ohrkan_kardio6; 
set ohrkan_kardio5; 
 
if Es4schab = 3 OR 4 then o5_bildung_kat = 1; *Low: Haupt/Mittel/Förderschule/kein Abschluss; 
if Es4schab = 2 then o5_bildung_kat = 2; *Medium: Real/Wirtschaftsschule; 
if Es4schab = 1 then o5_bildung_kat = 3; *High: Gymnasium; 
if Es4schab = 5 then o5_bildung_kat = .; 
run; 
 
 
 
/*Berufstatus*/ 
data ohrkan_kardio7; 
set ohrkan_kardio6; 
 
proc freq data = ohrkan_kardio7; 
tables Esberufst; * 1 = ja, 2 = nein; 
run; 
 
 
/* Familienstand*/ 
data ohrkan_kardio8; 
set ohrkan_kardio7; 
 
if Es7famstand = 2 then Es7famstand = "1"; /*Zusammenfassen von "Verheiratet" und "eingetragene 
Lebenspartnerschaft" zu einer Kategorie -> "married"*/ 
if Es7famstand = 3 then Es7famstand = "4"; /*Zusammenfassen von "ledig" und "getrennt/geschieden" 
zu einer Kategorie -> "single"*/ 



 

57 

 

run;  
 
 
/*Kategorisierung Allg. Gesundheitszustand*/ 
data ohrkan_kardio9; 
set ohrkan_kardio8; 
 
if Es12gesund = 1 OR Es12gesund = 2 then Es12gesund_kat = "1"; *Ausgezeichnet & sehr gut; 
if Es12gesund = 3 then Es12gesund_kat = "2"; *gut; 
if Es12gesund = 4 OR Es12gesund = 5 then Es12gesund_kat = "3"; *Weniger gut & schlecht; 
run;  
 
 
/*Kategorisierung Rauchen */ 
data ohrkan_kardio10; 
set ohrkan_kardio9; 
if Es61rauch = 1 then Es61rauch_kat = "1"; *NEIN; 
if Es61rauch = 2 OR Es61rauch = 3 OR Es61rauch = 4 OR Es61rauch = 5 then Es61rauch_kat = "2"; 
*JA; 
 
 
/*Diagnose Bluthochdruck Arzt*/ 
data ohrkan_kardio11; 
set ohrkan_kardio10; 
if Es65bluthoch = 1 then Es65bluthoch_kat = "1"; *Nein; 
if Es65bluthoch = 2 then Es65bluthoch_kat = "2"; *Ja; 
if Es65bluthoch = 3 OR Es65bluthoch = 4 then Es65bluthoch_kat = " ";  
run; 
 
 
/*Blutdruck auch in den letzten 12 Monaten*/ 
data ohrkan_kardio12; 
set ohrkan_kardio11; 
if Es66bluterkr = 1 then Es66bluterkr_kat = 1; *Nein; 
if Es66bluterkr = 2 then Es66bluterkr_kat = 2; *ja; 
if Es66bluterkr = 3 OR Es66bluterkr = 4 then Es66bluterkr_kat =  " "; *Weiß nicht oder keine Angabe; 
run;  
 
proc freq data = ohrkan_kardio12; 
tables Es66bluterkr_kat; 
run;  
 
 
/*Derzeit medikamentöse Behandlung des Blutdrucks*/ 
proc freq data = ohrkan_kardio12; 
tables Es67blutmed;*1= nein, 2 =ja; 
run;  
 
 
/*Kategorisierung Herz zu schnell*/ 
data ohrkan_kardio13; 
set ohrkan_kardio12; 
 
if Es68schnell = 4 then Es68schnell_kat = " ";*keine Angabe/Fehlend; 
if Es68schnell = 1 then Es68schnell_kat = "1";*Nein; 
if Es68schnell = 2 then Es68schnell_kat = "2";*Ja; 
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if Es68schnell = 3 or . then Es68schnell_kat = " ";*Weiß nicht/Fehlend; 
 
 
/*Kategorisierung Herz unregelmäßig*/ 
data ohrkan_kardio14; 
set ohrkan_kardio13; 
 
if Es69unreg = 4 then Es69unreg_kat = " ";*keine Angabe/Fehlend; 
if Es69unreg = 1 then Es69unreg_kat = "1";*Nein; 
if Es69unreg = 2 then Es69unreg_kat = "2";*Ja; 
if Es69unreg = 3 or . then Es69unreg_kat = " ";*Weiß nicht/Fehlend; 
run;  
 
 
 
/*Kategorisierung Schildrüsenüberfunktion durch Arzt diagnostiziert*/ 
data ohrkan_kardio15; 
set ohrkan_kardio14; 
if Es70schild = 3 or Es70schild = 4 then Es70schild = .; * 1 = nein, 2 = ja; 
run;  
 
 
 
/*Freizeitlärmexposition*/ 
 
/*Erstellung kategorialer Variable äquivalenter Schallpegel in 10 db(A) Schritten zur Annäherung an 
einen geeigneten Schwellenwert */ 
data ohrkan_kardio15a; 
set ohrkan_kardio15; 
 
if Esaeq40h_22 < 50 then EsAeq40h_22_kat10 = 1; /*unter 50*/ 
if EsAeq40h_22 >= 50 and EsAeq40h_22 < 60 then EsAeq40h_22_kat10 = 2; /*zwischen 50 und 60*/ 
if EsAeq40h_22 >= 60 and EsAeq40h_22 < 70 then EsAeq40h_22_kat10 = 3; /*zwischen 60 und 70*/ 
if EsAeq40h_22 >= 70 and EsAeq40h_22 < 80 then EsAeq40h_22_kat10 = 4; /*zwischen 70 und 80*/ 
if EsAeq40h_22 >= 80 and EsAeq40h_22 < 90 then EsAeq40h_22_kat10 = 5; /*zwischen 80 und 90*/ 
if EsAeq40h_22 >= 90 then EsAeq40h_22_kat10 = 6; /* über 90*/ 
run; 
 

 

proc freq data = ohrkan_kardio15a; 
tables EsAeq40h_22_kat10;  
run; 
 
proc freq data = ohrkan_kardio15a; 
tables blutdruck_2kat*EsAeq40h_22_kat10/Chisq; 
run; 
 
/*Überschreitung des unteren Auslösewerts von 80 dB(A) gemittelt über eine 40h-Woche, 22 
Freizeitaktivitäten*/ 
data ohrkan_kardio15; 
set ohrkan_kardio15;  
 
if EsAeq40h_22 >= 80 then EsAeq40h_22_uA = "1"; *Überschreitung;  
if EsAeq40h_22 < 80 then EsAeq40h_22_uA = "2"; *keine Überschreitung; 
run;  
proc freq data = ohrkan_kardio15; 
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tables EsAeq40h_22_uA;  
run;  
 
 
 
 
 
 
/**  2. DESCRIPTIVES **/ 
 
 
/*Erstellung Table 1: Distribution of General Study Population Characteristics by Leisure Noise 
Exposure*/ 
 
%macro freq_analysis; 
  /* Variablenliste */ 
  %let varlist = Es2alter_kat sex o5_bildung_kat Esberufst  
                 Es7famstand Es12gesund_kat Es61rauch_kat Es65bluthoch_kat  
                 Es68schnell_kat Es69unreg_kat Es70schild blutdruck_2kat; 
 
  /* Anzahl der Variablen*/ 
  %let n = %sysfunc(countw(&varlist)); 
 
  %do i = 1 %to &n; 
      /* Aktuelle Variable extrahieren */ 
      %let var = %scan(&varlist, &i); 
   /* Title tables*/ 
   title "Table 1: Distribution of General Study Population Characteristics by Leisure Noise 
Exposure"; 
 
      /* PROC FREQ durchführen */ 
      proc freq data=ohrkan_kardio15; 
        tables EsAeq40h_22_uA * &var / chisq; 
      run; 
   %end; 
   /*Stop title*/ 
   title;  
%mend freq_analysis; 
 
/* Makro ausführen */ 
%freq_analysis; 
 
 
 
 
 
/*Erstellung Table 2: Associations between Sociodemographic, Health  and Cardiovascular Variables 
and Blood Pressure Levels*/ 
 
%macro freq_analysis; 
  /* Variablenliste */ 
  %let varlist = Es2alter_kat sex o5_bildung_kat Esberufst  
                 Es7famstand Es12gesund_kat Es61rauch_kat Es65bluthoch_kat  
                 Es68schnell_kat Es69unreg_kat Es70schild EsAeq40h_22_uA; 
 
  /* Anzahl der Variablen*/ 
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  %let n = %sysfunc(countw(&varlist)); 
 
  %do i = 1 %to &n; 
      /* Aktuelle Variable extrahieren */ 
      %let var = %scan(&varlist, &i); 
 
    /* Title tables*/ 
   title "Table 2: Associations between Sociodemographic, Health  and Cardiovascular Variables 
and Blood Pressure Levels"; 
 
      /* PROC FREQ durchführen */ 
      proc freq data=ohrkan_kardio15; 
        tables blutdruck_2kat * &var / chisq; 
   run; 
%end; 
/*Stop title*/ 
   title;  
 
%mend freq_analysis; 
 
/* Makro ausführen */ 
%freq_analysis; 
 
 
 
 
 
/*Umcodierung der abhängigen und der unabhängigen Variablen zu 0 und 1 für die logistische 
Regression & Dummy-Codierung kategorialer Variablen*/ 
/*Es66bluterkr (Blutdruck in den letzten 12 Monaten) und Es67blutmed (medikamentöse Behandlung 
des Blutdrucks) werden nicht als Co-Variablen ins Regressionsmodell aufgenommen, da zu wenige 
Fälle (n< 20)*/ 
data ohrkan_kardio16; 
set ohrkan_kardio15;  
 
/*Abhängige Variable -> Blutdruckmesswerte, Referenz: Normotensiv*/  
if blutdruck_2kat = 2 then blutdruck_2kat_01 = 1; /*hypertensiv*/ 
else blutdruck_2kat_01 = 0; /*normotensiv*/ 
  
 
 
/*Unabhängige Variablen*/ 
 
/*TLN: Total leisure noise exposure, Referenz: keine Überschreitung des unteren Auslösewerts*/ 
if EsAeq40h_22_uA = 1 then EsAeq40h_22_uA_01 = 1; /*Überschreitung des unteren Auslösewerts*/ 
else EsAeq40h_22_uA_01 = 0; /*keine Überschreitung des unteren Auslösewerts*/ 
 
 
/*Sex, Referenz Weibl., da mehr weibliche Teilnehmerinnen*/ 
if sex = 2 then sex_01 = 1;  /*male*/ 
else sex_01 = 0; /*female*/ 
 
/*Age, Referenz jüngste Gruppe =< 25 Jahre*/  
if Es2alter_kat = 2 then Es2alter26_kat_01 = 1; else Es2alter26_kat_01 = 0;/*26 Jahre*/ 
if Es2alter_kat = 3 then Es2alter27_kat_01 = 1; else Es2alter27_kat_01 = 0;/*>26 Jahre*/  
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/*Education level, 3 categories, Referenz high/Gymnasium */ 
if o5_bildung_kat = 1 then o5_bildungLow_kat_01 = 1; else o5_bildungLow_kat_01 = 0;/*Low: 
Haupt/Mittel/Förderschule/kein Abschluss*/ 
if o5_bildung_kat = 2 then o5_bildungMedium_kat_01 = 1; else o5_bildungMedium_kat_01 = 
0;/*Medium: Real/Wirtschaftsschule*/ 
 
 
/*Employment, Referenz berufstätig*/ 
if Esberufst = 2 then Esberufst_01 = 1; /*nicht berufstätig*/ 
else Esberufst_01 = 0; /*berufstätig*/ 
  
/*Familienstand, Referenz "single"*/ 
if Es7famstand = 1 then Es7famstand_01 = 1; /*married*/ 
else Es7famstand_01 = 0; /*single*/ 
 
/*allgemeiner Gesundheitszustand, Referenz Ausgezeichnet & sehr gut */ 
if Es12gesund_kat = 2 then Es12gesundgut_01 = 1; else Es12gesundgut_01 = 0; /*gut*/ 
if Es12gesund_kat = 3 then Es12gesundschlecht_01 = 1; else Es12gesundschlecht_01 = 0; /*Weniger 
gut & schlecht*/ 
 
/*Rauchverhalten, Referenz: Nicht-Raucher*/ 
if Es61rauch_kat = 2 then Es61rauch_kat_01 = 1; /*Raucher*/ 
else Es61rauch_kat_01 = 0; /*Nicht-Raucher*/ 
 
/*Diagnose Bluthochdruck, Referenz: Nein*/ 
if Es65bluthoch_kat = 2 then Es65bluthoch_kat_01 = 1; /*Ja*/ 
else Es65bluthoch_kat_01 = 0; /*Nein*/ 
 
/*Gefühl, dass Herz in Ruhe zu schnell schlägt, Referenz: Nein*/ 
if Es68schnell_kat = 2 then Es68schnell_kat_01 = 1; /*Ja*/ 
else Es68schnell_kat_01 = 0; /*Nein*/ 
 
/*Gefühl, dass Herz unregelmäßig schlägt, Referenz: Nein*/ 
if Es69unreg_kat = 2 then Es69unreg_kat_01 = 1; /*Ja*/ 
else Es69unreg_kat_01 = 0; /*Nein*/ 
  
/*Schilddrüsenüberfunktion, Referenz: Nein*/ 
if Es70schild = 2 then Es70schild_01 = 1; /*Ja*/ 
else Es70schild_01 = 0; /*Nein*/ 
 
run;  
 
 
 
/*Checking for multicollinearity with Variance Inflation Factor (VIF)for all predictor variables, if vif < 5 no 
coll., vif > 5 maybe coll., if vif > 10 coll.*/ 
title "Checking for multicollinearity with VIF"; 
proc reg data = ohrkan_kardio16; 
model blutdruck_2kat_01 =  
EsAeq40h_22_uA_01  
sex_01 
Es2alter26_kat_01  Es2alter27_kat_01  
o5_bildungMedium_kat_01 o5_bildungLow_kat_01 
Esberufst_01 
Es7famstand_01  
Es12gesundgut_01 Es12gesundschlecht_01 
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Es61rauch_kat_01 
Es65bluthoch_kat_01 
Es68schnell_kat_01  
Es69unreg_kat_01  
Es70schild_01/vif; 
run;  
title; 
/*-> keine kritischen Vif Werte -> Multikollinearität liegt nicht vor*/ 
 
 
 
 
/*Interaktionsterme*/ 
 
/*Noise*Sex*/ 
title "Testing interaction terms"; 
proc logistic data = ohrkan_kardio16; 
class  EsAeq40h_22_uA_01 (ref = "0") sex_01 (ref = "0")/param=ref; 
model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 sex_01 EsAeq40h_22_uA_01*sex_01 
/Expb; 
run; 
/*Ergebnis: Nicht signifikant*/ 
 
/*Noise*Smoking*/ 
proc logistic data = ohrkan_kardio16; 
class  EsAeq40h_22_uA_01 (ref = "0") Es61rauch_kat_01 (ref = "0")/param=ref; 
model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 Es61rauch_kat_01 
EsAeq40h_22_uA_01*Es61rauch_kat_01; 
run; 
/*Ergebnis: Nicht signifikant*/ 
 
/*Noise*Marital status*/ 
proc logistic data = ohrkan_kardio16; 
class EsAeq40h_22_uA_01(ref = "0") Es7famstand_01 (ref = "0")/param=ref; 
model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 Es7famstand_01 
EsAeq40h_22_uA_01*Es7famstand_01; 
run; 
/*Ergebnis: Nicht signifikant*/ 
 
/*Noise*Alter*/ 
proc logistic data = ohrkan_kardio16; 
class EsAeq40h_22_uA_01(ref = "0") Es2alter26_kat_01 (ref = "0")/param=ref; 
model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 Es2alter26_kat_01 
EsAeq40h_22_uA_01*Es2alter26_kat_01; 
run; 
 
proc logistic data = ohrkan_kardio16; 
class EsAeq40h_22_uA_01(ref = "0") Es2alter27_kat_01 (ref = "0")/param=ref; 
model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 Es2alter27_kat_01 
EsAeq40h_22_uA_01*Es2alter27_kat_01; 
run; 
/*Ergebnis: Nicht signifikant*/ 
 
/*Noise*Schulbildung Low*/ 
proc logistic data = ohrkan_kardio16; 
class EsAeq40h_22_uA_01(ref = "0") o5_bildungLow_kat_01 (ref = "0")/param=ref; 
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model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 o5_bildungLow_kat_01 
EsAeq40h_22_uA_01*o5_bildungLow_kat_01; 
run; 
/*Ergebnis: Nicht signifikant*/ 
 
/*Noise*Schulbildung Medium*/ 
proc logistic data = ohrkan_kardio16; 
class EsAeq40h_22_uA_01(ref = "0") o5_bildungMedium_kat_01(ref = "0")/param=ref; 
model blutdruck_2kat_01 (event = "1") =  EsAeq40h_22_uA_01 o5_bildungMedium_kat_01 
EsAeq40h_22_uA_01*o5_bildungMedium_kat_01; 
run; 
title; 
/*Ergebnis: Nicht signifikant*/ 
 
 
 
 
/** 3. REGRESSION ANALYSIS **/ 
 
/** 3.1 LOGISTIC REGRESSION **/ 
 
/* First logistic regressionmodel with forward selection*/ 
data ohrkan_kardio17;  
set ohrkan_kardio16; 
title "First Logistic Regression with forward selection";  
proc logistic data = ohrkan_kardio17; 
    class EsAeq40h_22_uA_01 (REF = "0") /*Referenzkategorie (REF): nicht-exponiert*/ 
sex_01 (REF = "0")/*(REF)weiblich*/ 
Es2alter26_kat_01 (REF = "0")/*(REF)=< 25*/ 
Es2alter27_kat_01 (REF = "0")/*(REF)=< 25*/ 
o5_bildungMedium_kat_01 (REF = "0") /*(REF)High*/ 
o5_bildungLow_kat_01 (REF = "0") /* (REF) High*/ 
Esberufst_01 (REF = "1") /*(REF)berufstätig*/ 
Es7famstand_01 (REF = "0") /*(REF) single*/ 
Es12gesundgut_01 (REF = "0") /*(REF) ausgezeichnet & sehr gut*/  
Es12gesundschlecht_01 (REF = "0") /*(REF) ausgezeichnet & sehr gut*/  
Es61rauch_kat_01 (REF = "0") /*(REF)Nicht-Raucher*/ 
Es65bluthoch_kat_01 (REF = "0")/*(REF)keine ärtzl. Diagnose Bluthochdruck*/ 
Es68schnell_kat_01 (REF = "0")/*(REF)Nicht das Gefühl, dass Herz in Ruhe zu schnell schlägt*/ 
Es69unreg_kat_01 (REF = "0")/* (REF)Nicht das Gefühl, dass Herz unregelmäßig schlägt*/ 
Es70schild_01 (REF = "0")/ PARAM=REF; /* (REF) keine Schilddrüsenüberfunktion*/ 
 
 
 
model blutdruck_2kat_01 (EVENT = "1") = /*Hypertensive Messwerte*/ 
EsAeq40h_22_uA_01 
sex_01  
Es2alter26_kat_01 
Es2alter27_kat_01 
o5_bildungMedium_kat_01  
o5_bildungLow_kat_01  
Esberufst_01  
Es7famstand_01  
Es12gesundgut_01  
Es12gesundschlecht_01  
Es61rauch_kat_01  
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Es65bluthoch_kat_01  
Es68schnell_kat_01  
Es69unreg_kat_01  
Es70schild_01 / 
rsquare 
selection=forward  
slentry=0.05; 
    run; 
 title; 
/*Ergebnis: sex, niedrige und mittlere Schulbildung, Diagnose Bluthochdruck und unregelmäßiger 
Herzschlag sig. -> Aufnahme ins Modell*/  
 
 
/*Modellgüte*/ 
 /*LACKFIT-Test (Hosmer-Lemeshow)*/ 
 title "Lackfit-test for Logistic Regression"; 
proc logistic data = ohrkan_kardio17; 
model blutdruck_2kat_01 = sex_01 o5_bildungLow_kat_01 o5_bildungMedium_kat_01 
Es65bluthoch_kat_01 Es69unreg_kat_01 /Lackfit; 
run; 
title; 
/*Hosmer-Lemeshow-Test zeigt eine gute Modellanpassung (p.9643)*/ 
 
 /*ROC-Kurve*/  
title "ROC-Kurve"; 
proc logistic data = ohrkan_kardio17 outmodel = modeldata; 
model blutdruck_2kat_01 (EVENT ="1") = sex_01 o5_bildungLow_kat_01 o5_bildungMedium_kat_01 
Es65bluthoch_kat_01 Es69unreg_kat_01; 
score data= ohrkan_kardio17 out=rocdata;  
run; 
 
ods graphics on; 
proc sort data = rocdata; 
by descending blutdruck_2kat_01; 
run;  
 
proc logistic data = ohrkan_kardio17 plots = roc; 
model blutdruck_2kat_01 (EVENT = "1") = sex_01 o5_bildungLow_kat_01 o5_bildungMedium_kat_01 
Es65bluthoch_kat_01 Es69unreg_kat_01; 
run;  
ods graphics off; 
title; 
/*ROC-Kurve zeigt moderate Vorhersagekraft (c = .669),Modell ist besser als Zufall.  Werte über 0.7 
gut, über 0.8 sehr gut*/ 
 
 
 
 
 
/*Multivariate logistic regression model including only sig. covariates and leisure noise, keine 
Interaktionsterme, da nicht sign.*/  
title "Multivariate Logistic Regression"; 
proc logistic data = ohrkan_kardio16 DESCENDING; 
class EsAeq40h_22_uA_01 (REF = "0") /*Referenzkategorie (REF): nicht-exponiert*/ 
sex_01 (REF = "0")/*(REF)weiblich*/ 
o5_bildungLow_kat_01 (REF = "0") /*(REF) High*/ 
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o5_bildungMedium_kat_01 (REF = "0") /*(REF) High*/ 
Es65bluthoch_kat_01 (REF = "0")/*(REF)keine ärtzl. Diagnose Bluthochdruck*/ 
Es69unreg_kat_01 (REF = "0")/* (REF)Nicht das Gefühl, dass Herz unregelmäßig schlägt*/ 
/ PARAM=REF; 
 
Model blutdruck_2kat_01 (EVENT = "1") = /*Hypertensive Messwerte*/ 
EsAeq40h_22_uA_01 
sex_01  
o5_bildungLow_kat_01 
o5_bildungMedium_kat_01 
Es65bluthoch_kat_01  
Es69unreg_kat_01  
 
/ rsquare EXPB;  
Run;  
title; 
 
 
 
/** 3.2 SENSITIVITY ANALYSIS **/  
 
/*model with continuos systolic blood pressure values*/ 
title "Sensitivity Analysis"; 
proc genmod data = ohrkan_kardio16; 
class sex_01 (ref = '0'); /*(REF)weiblich*/ 
model syst = EsAeq40h_22_uA_01 /*Referenzkategorie (REF): nicht-exponiert*/ 
sex_01 /*(REF)weiblich*/ 
Es2alter26_kat_01 /*(REF)=< 25*/ 
Es2alter27_kat_01 /*(REF)=< 25*/ 
o5_bildungMedium_kat_01  /*(REF)High*/ 
o5_bildungLow_kat_01  /* (REF) High*/ 
Esberufst_01  /*(REF)berufstätig*/ 
Es7famstand_01  /*(REF) single*/ 
Es12gesundgut_01  /*(REF) ausgezeichnet & sehr gut*/  
Es12gesundschlecht_01  /*(REF) ausgezeichnet & sehr gut*/  
Es61rauch_kat_01  /*(REF)Nicht-Raucher*/ 
Es65bluthoch_kat_01 /*(REF)keine ärtzl. Diagnose Bluthochdruck*/ 
Es68schnell_kat_01 /*(REF)Nicht das Gefühl, dass Herz in Ruhe zu schnell schlägt*/ 
Es69unreg_kat_01 /* (REF)Nicht das Gefühl, dass Herz unregelmäßig schlägt*/ 
Es70schild_01 /* (REF) keine Schildrüsenüberfunktion*/ 
/ dist = gamma link = log; 
lsmeans sex_01 / exp cl; /*exponentielle Werte mit CI*/ 
run;  
 
 
/*model with continuos diastolic blood pressure values*/ 
proc genmod data = ohrkan_kardio16; 
class sex_01 (ref = '0'); /*(REF)weiblich*/ 
model diast = EsAeq40h_22_uA_01 /*Referenzkategorie (REF): nicht-exponiert*/ 
sex_01 /*(REF)weiblich*/ 
Es2alter26_kat_01 /*(REF)=< 25*/ 
Es2alter27_kat_01 /*(REF)=< 25*/ 
o5_bildungMedium_kat_01  /*(REF)High*/ 
o5_bildungLow_kat_01  /* (REF) High*/ 
Esberufst_01  /*(REF)berufstätig*/ 
Es7famstand_01  /*(REF) single*/ 
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Es12gesundgut_01  /*(REF) ausgezeichnet & sehr gut*/  
Es12gesundschlecht_01  /*(REF) ausgezeichnet & sehr gut*/  
Es61rauch_kat_01  /*(REF)Nicht-Raucher*/ 
Es65bluthoch_kat_01 /*(REF)keine ärtzl. Diagnose Bluthochdruck*/ 
Es68schnell_kat_01 /*(REF)Nicht das Gefühl, dass Herz in Ruhe zu schnell schlägt*/ 
Es69unreg_kat_01 /* (REF)Nicht das Gefühl, dass Herz unregelmäßig schlägt*/ 
Es70schild_01 /* (REF) keine Schildrüsenüberfunktion*/ 
/ dist = gamma link = log; 
lsmeans sex_01 / exp cl; /*exponentielle Werte mit CI*/ 
run;  
title; 
 
*----------------------------------------------------------------------------------------------------------------------------- ---------; 

 




