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Introduction: Emergency medical dispatchers are required to provide support to the caller and organize help at the scene, frequently facing demanding situations where assistance decisions must be made promptly. The aim of this study is to assess the level of stress experienced by medical dispatchers and emergency call operators, in relation to their well-being and physical health symptoms.

Materials and methods: A study was conducted in 2023 involving 23 healthy individuals employed as emergency medical dispatchers and emergency call operators, aged 26 to 65, from the Lublin Voivodeship. Data was collected based on continuous observation conducted over a 12-h day shift, utilizing the JAWS and VAS questionnaires and assessing every 2 h the following: salivary cortisol levels, heart rate, and blood pressure.

Results: The employee’s level of arousal correlated with cortisol levels and significantly decreased during working hours, B = −13.87, SE = 5.16, p = 0.009. Among women, there was an increase in average heart rate during subsequent work hours, B = 47.4, SE = 22.0, p = 0.035. At the end of the workday, longer emergency caller interactions correlated with lower employee heart rates, B = −0.57, SE = 0.28, p = 0.046. Systolic blood pressure significantly increased with a rise in subjective stress assessment, but only during the first 2 h of work, B = 16.20, SE = 5.63, p = 0.005. Diastolic pressure depended on the employee group; among medical dispatchers, diastolic pressure values were higher at the beginning of the shift compared to the end, B = −40.2, SE = 23.9, p = 0.098, while an opposite trend with increased diastolic pressure was observed among 112 caLL operators.

Conclusion: The cortisol profile is typical in the group of study participants. Attitude toward work correlates with physiological stress parameters. Longer conversations with an emergency caller during the final hours of work lead to a reduction in employees’ heart rates. Women exhibit an increase in heart rate as work progresses. Systolic blood pressure reflects subjective stress assessment during the first 2 h of work. Blood pressure values indicate a higher stress level in the 112 caLL operators group.
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1 Introduction

In the literature addressing the phenomenon of workplace stress, there is significant interest in the relationship between the work environment and employee well-being. Both biological and social factors influence the perception of stress. Personality traits such as neuroticism, extraversion, and openness to experiences are also important (1, 2). The perception of stress is influenced by individual life experiences, social support, and a healthy lifestyle (3–5). Therefore, if the job aligns with personal passions, facilitates personal growth, and the working conditions are evaluated positively, employees generally maintain a good sense of well-being. On the other hand, a lack of well-being can mark the beginning of dissatisfaction, fatigue, and burnout. American psychologist P. Warr developed the vitamin model of employee well-being (6–9). In this model, a group of factors that can be harmful when present in excess has been identified, including workload and personal control (job autonomy), job variety, clarity of expectations and evaluations, the ability to form connections, and externally imposed goals. The second group of factors, which promote positive job assessments, includes supportive supervision, financial compensation, high social status, organizational ethics, physical job security, and career prospects. Human resources often provide the competitive advantage of an organization, making it essential to understand employee well-being, assess satisfaction, and evaluate well-being to enable interventions that improve factors contributing to positive work experiences. Therefore, researchers evaluating employee well-being increasingly focus on both emotional and environmental factors (10). The concept of stress, in everyday language, is often associated with a state of nervous tension, which is a response to negative psychological or physical stimuli (11). However, in scientific approaches, it is explained and defined differently (12). According to the definition presented by H. Selye, stress is described as “the nonspecific response of the body to any demand placed on it” (13). It can be divided into two groups through the introduction of the concepts of distress or bad stress referring to overload stress leading to illness, and good stress – eustress, which is explained as a state of complete satisfaction while maintaining an optimal level of mobilizing stress (14). According to H. Selye, the most powerful stressors include:

• psychological tension,

• a sense of uncertainty,

• failures,

• meaninglessness (15).

Some professions require performing repetitive tasks for long periods of time while maintaining a high level of concentration, which can lead to increased levels of occupational stress.

The work environment for individuals handling emergency calls and notifications of incidents is perceived as highly stressful (16). The 112 emergency line operators and medical emergency dispatchers both play critical roles in handling emergency situations, but their functions differ in terms of the tasks they perform. 112 emergency line operators are the first point of contact when someone calls the emergency services (112 is the emergency number in many European countries). Operators handling the 112 emergency number are trained to quickly assess situations and direct the appropriate services to the scene of the incident. They receive calls from individuals in life-threatening or health-threatening situations to request assistance from emergency services, such as the police, fire department or ambulance (17).

A medical emergency dispatcher specifically handles calls related to medical emergencies. After receiving information (either directly or through an operator), they dispatch paramedics or emergency medical teams to the scene of the incident. They also provide critical instructions to the caller or first responders on how to manage the medical situation until help arrives. Emergency medical dispatching is a highly intricate process, and its execution is recognized to influence patient outcomes. This process involves answering calls, assessing the severity of the situation (triage), prioritizing available pre-hospital resources, and offering guidance and instructions to those calling for help (18). Emergency number 112 operators at Emergency Notification Centers, similarly to medical dispatchers, are tasked with gathering as much useful information as possible from callers to provide appropriate assistance and forwarding the report to the relevant emergency services. The assessment of stress levels experienced during professional duties, utilizing biological samples, emphasizes cortisol as the most widely recognized stress marker within the scientific community. Cortisol is a product of the hypothalamic–pituitary–adrenal (HPA) axis, which plays a crucial role in regulating the body’s biological systems—from metabolism to immune function. Research analysis shows that cortisol levels rise in response to a stressor, which may include various physical and emotional factors. In this study, the cortisol levels of emergency call operators (999 and 112) were measured to assess their response to stress. Research conducted on various groups of individuals increasingly focuses on assessing the diurnal variability of cortisol levels, examining the influences and consequences of individual differences in the daily (circadian) rhythm of cortisol (19, 20). Cortisol profile interpretation is generally derived from the comparison between morning and evening measurements or the overall study duration and its boundary samples. Furthermore, regression analysis or multilevel growth curve modeling can be utilized to predict daily fluctuations in cortisol levels based on the time of day, with individualized measurements. Cortisol’s primary effect on the circulatory system is the increased tension in peripheral blood vessel walls, causing arterial constriction, which leads to elevated total vascular resistance and subsequent changes in blood pressure. High cortisol response to stress increases the likelihood of developing hypertension and the progression of arterial calcification (21). In high-risk professions, recurrent stressful situations are likely to adversely impact both the physical health and overall well-being of emergency service personnel. Consequently, parameters such as blood pressure and heart rate provide valuable information regarding the body’s response to stress (22, 23).

The study was conducted among emergency call operators and medical dispatchers. Operators of emergency numbers 999 and 112 are tasked with providing assistance to callers and coordinating appropriate aid at the incident scene. They often face demanding situations where decisions regarding the provision of help must be made swiftly. Callers must be provided with clear instructions on responding to life-threatening medical emergencies and be accurately understood, while operators must collect critical information about the incident and make prompt, informed decisions. Emergency calls and incident reports often involve a wide range of adverse events related to losses such as property, health, dignity, peace, and security. Although not directly involved in traumatic events, operators and medical dispatchers are responsible for listening, reacting, and intervening in response to a wide range of incidents (22, 23).

There is a lack of detailed studies in the available literature regarding the impact of the work environment and health status of emergency call operators and medical dispatchers. The literature reviews have focused on the sources and consequences of occupational stress experienced by paramedics and other ambulance personnel. The work of these professionals is demanding and stressful, which can lead to various health problems. No published review has explored the sources of stress impacting psychological health for those working in an Emergency Dispatch Center. In the literature, the importance of conducting research on stress and its consequences for the psycho-physical health of medical dispatchers and emergency call operators is emphasized (24, 25).

The aim of the study was to examine the extent to which stress levels, measured using various physiological indicators (cortisol levels, heart rate, blood pressure), differ between 112 emergency line operators and emergency dispatchers, both in terms of overall levels and dynamics over the course of a 12-h work shift. Based on previous studies and the literature on the subject, the hypotheses to be tested in this study are presented below. Hypotheses:

1. Individuals experiencing work-related stress exhibit greater fluctuations in cortisol levels compared to individuals with low levels of stress.

2. Emergency call operators have a distinct cortisol profile in saliva compared to individuals working fixed shifts.

3. The duration of telephone calls correlates with cortisol levels.

4. Higher subjective feelings of stress correlate with higher systolic blood pressure.

5. Women experiencing work-related stress have higher heart rates compared to men.

6. High levels of stress and significant emotional arousal lead to an increase in diastolic blood pressure.

7. Chronic exposure to high cortisol levels leads to the development of health problems.



2 Materials and methods


2.1 Methods of data collection

Participants were required to complete a questionnaire, which helped establish eligibility criteria by gathering information to determine whether individuals met the characteristics needed for inclusion in the study. The questions focused on the health status and health behaviors of the candidates.

After preliminary qualification, participants were asked to complete the Job-related Affective Well-being Scale (JAWS) questionnaire to assess their well-being at work. The JAWS questionnaire is used to analyze the relationship between work and employee well-being and has been successfully implemented in many countries (26). It is a 30-item scale that describes respondents’ emotional reactions to their job. The scale is based on a two-dimensional circumplex model where emotions are positioned on a continuous circle. This circumplex space is defined by two opposing dimensions: pleasure and arousal. The pleasure-displeasure dimension reflects the emotional valence, while the arousal dimension, ranging from sleep to high arousal, indicates the activation potential of emotions. Each emotional state can be identified by its specific location within this space (27).

The questionnaire consists of a series of statements describing various feelings related to work. For each statement, respondents had the option to select one of several possible answers (never, rarely, sometimes, often, very often), indicating the frequency with which they experienced specific work-related emotions over the past 30 days. The following concepts are distinguished in the questionnaire: Low Pleasure, High Arousal (LPHA)—this is a combination of low pleasure (e.g., negative emotions such as anger) and high arousal (e.g., intense activity, excitement); Low Pleasure, Low Arousal (LPLA)—this is a combination of low pleasure and low arousal (e.g., apathy, fatigue); High Pleasure, High Arousal (HPHA)—this combination is characterized by high pleasure and high arousal (e.g., joy, excitement); High Pleasure Low Arousal (HPLA)—it refers to emotions that are characterized by a high level of pleasure but a low level of arousal (positive emotions in a calm, relaxed manner, without intense activity) (26–28).

Additionally, the survey included questions to assess stress levels using a Visual Analog Scale (VAS) (29), which is a horizontal, uncalibrated line measuring 100 mm in length, ranging from very low (0) to very high (10). To collect demographic data, the questionnaire was supplemented with demographic questions.

A day-in-the-life photography method was used for data collection. It involved monitoring of the employee, measuring time, and recording all events occurring in the worksheet. Direct observation techniques were employed, which included recording activities (or inactivity) at the workplace. Snapshot observations at specific intervals were conducted during a 12-h day shift, with measurements taken every 2 h to assess salivary cortisol levels, heart rate, and blood pressure (30).



2.2 Participants

This study included only healthy individuals employed as medical dispatchers, consisting of 13 participants (2 females and 11 males) and 10 emergency call operators (8 females and 2 males). All participants were well-rested and had slept adequately the previous night. The participants’ ages ranged from 26 to 65 years, with an average age of 37.23 ± SD 9.50 for medical dispatchers and 35.80 ± SD 6.80 for emergency operators. Each participant provided written informed consent after receiving detailed information about the research project. The study was conducted in accordance with ethical standards, and ethical approval was granted by the Institutional Review Board (IRB; Decision No. 9/2024 of April 3, 2024).



2.3 Exclusion criteria

The following exclusion criteria were applied: chronic alcoholics—for over a year; individuals with mental disorders (mainly depression) undergoing treatment; women using a combination of estrogens and progestogens—during treatment; pregnant women; individuals receiving steroid treatment—within 3 months after completion of treatment; study participants presenting with fever or infection on the day of sample collection; highly athletic individuals—training regularly at least 3 times a week and with high intensity; individuals with endocrine disorders (such as adrenal disease, Cushing’s disease, Addison’s disease with low cortisol levels, pituitary gland dysfunction, hyperthyroidism); individuals suffering from diabetes or anorexia. Based on the proposed criteria, 7 individuals were excluded from the study.



2.4 Measurement of physiological parameters and cortisol

Measurements of cortisol were systematically conducted during 12-h day shifts, commencing at 7:00 AM and continuing at two-hour intervals until 7:00 PM. Cortisol levels in saliva exhibit a cyclical secretion pattern, peaking approximately 30 min after waking. The average cortisol concentration in saliva ranges from 3.31 to 40.55 nmol/L, with the highest values occurring within the first 3 h post-awakening, and the lowest levels observed during the evening, approximately half of the morning values. Saliva samples were collected using a Salivette, following the manufacturer’s instructions. They were stored in a refrigerator at 4°C and subsequently frozen at −80°C until analysis. Participants were instructed not to eat, drink, smoke, chew gum, or brush their teeth for 30 min prior to saliva collection. Cortisol levels in saliva were measured using the ELISA method, according to the manufacturer’s instructions (Figure 1).

[image: Figure 1]

FIGURE 1
 Predicted values of cortisol log.


In addition to collecting saliva samples every 2 h, measurements of blood pressure and heart rate were also taken from the study participants. Heart rate and blood pressure were measured using a wrist blood pressure monitor that displayed the parameter readings. Normal blood pressure values were defined as threshold blood pressure of 139/89 mmHg, and heart rate was considered normal at 60–100 beats per minute. During the physiological parameter assessments, respondents provided a subjective evaluation of their stress levels using a Visual Analog Scale (VAS). Observers participating in the study recorded the number of incoming calls, their duration, the waiting time for connections, and the time allocated for breaks in the work of the employees participating in the study on that day. The obtained information underwent a comprehensive statistical analysis. For each variable, the mean and standard deviation were calculated.



2.5 Data analysis

Data analysis was performed using the lme4 package in R (31). The data were examined for outliers and the distribution of data points using histograms with a normal distribution curve and skewness and kurtosis analysis. To determine the relationships between variables, a Student’s t-test and Pearson correlation were applied, with a significance level of 0.05.

To test hypotheses regarding differences in stress levels during the day shift between 112 emergency operators and medical dispatchers, expressed in fluctuations of physiological stress indicators experienced during work, we conducted four developmental curve analyses using multilevel models. In each of these models, the main variable was one of the physiological stress indicators: cortisol level, heart rate, systolic blood pressure, and diastolic blood pressure. In each model, the main predictor was time, measured in two-hour intervals, from 7:00 AM (with the first measurement at 9:00 AM, t = 0) to 7:00 PM (t = 10). We introduced two orthogonal time-related effects into the model: linear and nonlinear (quadratic). To examine whether the level of the physiological stress indicator changed over time differently depending on the group, we also included an interaction between group and time in the model. Changes in physiological stress indicators during work could also depend on a range of other variables, such as gender, age, VAS, body weight, height, work experience (years of service), client contact time, subjectively perceived stress, or individual differences in the tendency to experience certain emotions (positive vs. negative, and high arousal vs. low arousal) related to stress. Descriptive statistics are presented in Table 1. In preliminary analyses (t-tests; Table 2), no significant differences were observed between the groups of operators and medical dispatchers with regard to the aforementioned covariates. Therefore, interactions between time and all these covariates were also included in each of the four models. In each of the four models, the intercept could vary by individual (random effect). Before entering the variables into the model, they were centered around the grand mean for all participants. The models were estimated using the Restricted Maximum Likelihood (REML) method. Due to the non-normal distribution of cortisol levels, the results for this variable were log-transformed prior to analysis.



TABLE 1 Descriptive statistics of each variable.
[image: Table1]



TABLE 2 Differences between groups (t-tests).
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3 Results


3.1 Cortisol

The fixed effects (related to predictors and interactions) explained 49% of the variance in cortisol levels during the 10-h workday (61% when accounting for random effects). We observed a significant main effect of client contact time, F (1, 61.34) = 4.00, p = 0.05: the longer the phone conversation with the caller during a given hour of work, the lower the cortisol level during that hour. We also observed two significant interaction effects between the linear time effect and HPHA, F (1, 61.02) = 5.94, p = 0.018, and LPLA, F (1, 61.43) = 5.04, p = 0.028. In individuals with higher HPHA levels (1 point above the mean), cortisol levels significantly decreased during the work hours, B = −13.87, SE = 5.16, p = 0.009, while for individuals with lower HPHA levels (1 point below the mean), there was a trend toward an increase in cortisol levels, B = 8.62, SE = 4.45, p = 0.056 (Figure 2).

[image: Figure 2]

FIGURE 2
 Predicted values of cortisol log and HPHA.


A similar effect was observed for the LPLA variable: in individuals with higher LPLA levels (1 point above the mean), cortisol levels significantly decreased during the work hours, B = −11.43, SE = 4.40, p = 0.012, while for individuals with lower LPLA levels (1 point below the mean), there was a trend toward an increase in cortisol levels, B = 78.68, SE = 4.52, p = 0.095 (Figure 3). The remaining main and interaction effects were not significant.

[image: Figure 3]

FIGURE 3
 Predicted values of cortisol log and LPLA.




3.2 Heart rate

The model explained 34% of the variance in heart rate during work (81% when accounting for random effects). None of the main effects were significant. However, we observed three significant interaction effects: the linear time effect with sex, F (1, 60.09) = 6.77, p = 0.012, the time of service, F (1, 63.23) = 4.13, p = 0.046, and the nonlinear time effect with HPLA, F (1, 60.05) = 4.75, p = 0.033. For women, the average heart rate significantly increased during the successive hours of work, B = 47.4, SE = 22.0, p = 0.035, while for men, the time effect was not significant, B = −32.7, SE = 19.9, p = 0.105 (Figure 4). At the beginning of the workday (the first 2 h), the length of client contact was not associated with heart rate levels, B = 0.001, SE = 0.002, p = 0.52; however, toward the end of the workday (the last 2 h), the longer the client contact, the lower the heart rate of the employee, B = −0.57, SE = 0.28, p = 0.046. Individual differences in HPLA also influenced heart rate dynamics: for individuals with low HPLA levels, heart rate initially increased to a maximum level mid-work, then decreased, B = −87, SE = 48.7, p = 0.079, while for individuals with high HPLA levels, the effect was reversed: heart rate initially decreased to a minimum, then increased, B = 111, SE = 45.6, p = 0.018 (Figure 5).

[image: Figure 4]

FIGURE 4
 Predicted values of HR and sex.
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FIGURE 5
 Predicted values of HR and HPLA.




3.3 Systolic blood pressure

The model explained 45% of the variability in systolic blood pressure (60% when accounting for random effects). The main effect of the Visual Analog Scale (VAS) was significant, F (1, 65.99) = 9.23, p = 0.003: the higher the intensity of subjectively perceived stress, the higher the systolic blood pressure. However, this effect was moderated by the length of work performed: the interaction between the linear time effect and VAS was significant, F (1, 65.70) = 6.07, p = 0.016. Simple effects analysis revealed that systolic blood pressure significantly increased with higher subjective stress ratings, but only at the beginning of the work period, B = 16.20, SE = 5.63, p = 0.005 (after the first 2 h), while at the end of the day, no relationship between VAS and systolic blood pressure was found, B = −1.35, SE = 2.38, p = 0.574 (after 12 h of work; Figure 6). Additionally, significant interaction effects were observed between linear time and body weight, F (1, 60.69) = 4.037, p = 0.049, and age, F (1, 62.46) = 4.91, p = 0.030, as well as an interaction between the nonlinear time effect and LPHA, F(1, 61.65) = 6.49, p = 0.013. Systolic blood pressure significantly decreased during working hours only for younger individuals, B = −139.7, SE = 51.7, p = 0.009, and those with higher body weight, B = −107.5, SE = 48.5, p = 0.030, compared to older individuals B = 82.1, SE = 58.3, p = 0.164, and those with lower body weight, B = 25.5, SE = 31.0, p = 0.414. For individuals with high LPHA levels, systolic blood pressure during work initially decreased, then increased, B = 176, SE = 65.1, p = 0.009, whereas for individuals with low LPHA levels, systolic blood pressure initially increased, then decreased, B = −173, SE = 78.2, p = 0.030.

[image: Figure 6]

FIGURE 6
 Predicted values of systolic blood pressure and perceived stress.




3.4 Diastolic blood pressure

The model explained 39% of the variability in diastolic blood pressure (77% when accounting for random effects). We did not observe any significant main effects. However, three significant interaction effects were identified between working time and: group, F (1, 60.35) = 4.33, p = 0.039, average all-day client service duration, F(1, 60.35) = 5.43, p = 0.023, and LPHA, F (1, 60.56) = 7.64, p = 0.008. Simple effects analysis revealed that diastolic blood pressure exhibited an increasing trend during working hours for operators, B = 50.5, SE = 26.7, p = 0.064, while for dispatchers, there was a tendency for it to decrease, B = −40.2, SE = 23.9, p = 0.098. Regardless of group membership, a lower average all-day client service time was associated with a gradual increase in diastolic blood pressure throughout the day, B = 49.8, SE = 23.5, p = 0.039, while for individuals with higher all-day client service times, the effect was not significant, B = −25.6, SE = 18.7, p = 0.174. Additionally, for individuals with high LPHA levels, diastolic blood pressure during work initially decreased, then increased, B = 108, SE = 38.1, p = 0.006, while for individuals with low LPHA levels, diastolic blood pressure initially increased, then decreased, B = −114, SE = 45.9, p = 0.016.




4 Discussion

Scientific research indicates that abnormal secretion of the glucocorticoid hormone cortisol, which is the end product of the hypothalamic–pituitary–adrenal (HPA) axis, is a key factor linking chronic psychosocial stress experiences to adverse health effects. It has been found that the daily rhythm of cortisol secretion in humans and its concentration in bodily fluids may only reflect individual stress experienced in the minutes or hours prior; therefore, repeated sampling is necessary (31). Saliva allows for the examination of steroid hormones in their free fraction, providing the advantage of easy sample collection. The concentration of hormones in saliva is 10 to 100 times lower than in serum but is consistent and analogous to serum concentrations. Due to the rapid transfer of these hormones, measurement in saliva is representative of blood serum concentrations (32, 33). It is also important to note that cortisol levels in saliva are independent of the rate of saliva secretion, as the diffusion of this hormone occurs very quickly (34). The method of material collection is minimally invasive, which helps avoid errors caused by stress during blood sampling for tests, thereby facilitating measurements several times a day. This is particularly useful when analyzing the kinetics of cortisol secretion and determining the daily profile of this hormone’s release. The choice of laboratory measurement methods in this study was primarily dictated by ease of use, availability, and cost-effectiveness. Saliva sampling is a simple and safe process that can be easily performed multiple times in the work environment without causing stress or requiring individuals to leave their workplace. In the case of saliva samples, the risk of contamination is lower compared to other collection methods (35, 36).


4.1 Cortisol secretion and stress

Based on multiple studies, a typical diurnal cortisol secretion pattern has been identified. Cortisol peaks—rising by an average of 50–60% within 30 to 45 min after awakening—then gradually decreases, reaching its lowest level around midnight during sleep (37). In the conducted study, cortisol levels rise and sustain for approximately 3 h, after which a downward trend is observed, indicating that the cortisol profile among the respondents can be characterized as typical and within normal limits. However, there are also studies indicating individual differences in daily cortisol profiles (38).

Cortisol levels respond not only to social and psychological stress (39, 40) but also to acute and chronic stress (41). Cortisol is undoubtedly a hormone associated with the organism’s emotional responses, but its levels cannot be interpreted as a direct, proportional assessment of stress (42, 43). For instance, cortisol can spike in response to perceived positive, exciting, and enjoyable experiences, such as sports competitions among adults (44, 45). To assess well-being and emotional responses, the JAWS questionnaire was used, and statistically significant correlations were observed between cortisol levels and the emotional state of respondents. For individuals with higher excitement levels, cortisol significantly decreased during working hours, whereas those with lower positive emotions and engagement showed an upward trend in cortisol levels. A similar effect was observed in individuals with higher levels of work-related discouragement, where cortisol significantly decreased during working hours, while for individuals with lower levels of discouragement or meaninglessness, an upward trend in cortisol levels was observed. This suggests the significant impact of emotional engagement on responses assessed through cortisol levels, which are interpreted as stress-related.



4.2 Cortisol awakening response and stress

Researchers have not been able to definitively determine the role of cortisol level increases post-awakening. Some studies suggest an association between morning cortisol spikes and physiological health and psychological well-being, particularly among individuals with high stress levels or increased work burden (46–48). However, other studies, focusing on groups with symptoms of burnout, have reported lower cortisol levels post-awakening (49). It is hypothesized that low morning cortisol levels may result from a weakened cortisol awakening response following prolonged exposure to stress (50). Sleep disturbances can alter nighttime cortisol secretion, weakening the feedback regulation mechanism of cortisol (51). Shift workers may experience fluctuations in cortisol levels, reflecting responses to daily variations in social and emotional experiences. Studies have found that cortisol levels were lower in individuals with irregular shift patterns than in those with regular shifts (52). There are also studies among nurses working night shifts that confirm significantly higher cortisol levels compared to a control group of nurses working only daytime shifts (53). Therefore, it can be concluded that shift work may alter individual cortisol patterns.



4.3 Heart rate and stress

Another physiological parameter used to assess stress is heart rate, as an increased heart rate may be a sign of heightened emotional arousal (54). Under stressful conditions, such as time pressure, heart rate variability (HRV) tends to decrease (55). Therefore, both heart rate and heart rate variability are considered physiological markers of stress and anxiety (56, 57). Based on the study results, it was found that women exhibited an increase in average heart rate over successive work hours, whereas in men, the effect of time was non-significant. During the first 2 h of work, the length of client interactions was not related to heart rate, but by the end of the workday, longer client interactions correlated with lower heart rate among employees. The increase in heart rate among women may be associated with greater emotional engagement in their work, and similar results were obtained when analyzing blood pressure values and work engagement. The association between occupational events and hypertension was higher in women compared to men (58). Women tend to report higher levels of perceived stress, anxiety, and tension during and after exposure to acute stress compared to men. Furthermore, possible explanations for this gender-specific pattern of response in humans range from the influence of the type of stressor (social rejection challenges as typical stressors for women, achievement stressors as typical stressors for men) to the modulating effect of hormonal fluctuations at different phases of the menstrual cycle (59).



4.4 Workplace stress and its impact on physiological responses

Individual differences among people who experience frustration at work influenced the dynamics of heart rate changes. In cases of low frustration, heart rate increased to a peak level mid-shift and then decreased. In contrast, individuals with high frustration showed the opposite pattern: heart rate first dropped to a minimum and then increased. The work environment has a significant relationship with cortisol levels, making the workplace a critical factor. It was found that shift work in emergency rooms elevated salivary cortisol levels (56), while another study conducted among paramedics showed no relationship between shift work and cortisol secretion (60). The workplace of emergency call operators (CPR) and medical dispatchers (DM) is described in the literature as particularly stressful due to the contact with witnesses or participants of life-threatening events and the constraints of call centers (61–63). In a study by S. Bedini et al., receiving emergency calls led to increased cortisol levels depending on the severity of the call and a cumulative effect from subsequent emergency calls (25). The authors did not attempt to evaluate the severity of the calls or classify them as either severe or mild. The professionalism of emergency call operators, their ability to provide expert assistance, and the frequency of calls—often related to tragic but repetitive situations—make it challenging to determine which calls should be classified as severe. Therefore, the quantity and duration of the calls were evaluated. The obtained study results show a relationship between call duration and cortisol levels. The longer the phone conversation with a client during a given hour, the lower the observed cortisol level. It can be speculated that shorter calls are associated with the need to make quick decisions, which in turn leads to higher cortisol levels. A situation involving longer conversation times is usually associated with the need to provide a lot of information that does not require immediate action. The caller is asked to follow instructions and/or gather necessary information. The precise transmission of information involves significant engagement, which can be viewed as a stress reducer. Similar results were found by S. Bedini, who observed an increase in cortisol levels in response to incoming emergency calls in urgent situations (p = 0.03), as well as an upward trend during subsequent calls requiring prompt decisions (p = 0.07) (20). In summary, the change in emergency call patterns poses a particular risk for dispatchers, who experience greater stress and an increase in cortisol levels. Almost every call to emergency numbers (112 or 997) involves contact with a stressed or anxious caller seeking help for themselves or someone else. The person responsible for answering the call has the critical task of quickly identifying the nature of the emergency, its severity, and the necessary resources to deploy while keeping the caller calm so that they can answer the required questions.



4.5 Blood pressure and subjective stress

Individual experiences of emergency call operators, as well as the disposition of their day, are key in assessing call difficulty, which is why they were asked to provide a subjective stress assessment using a Visual Analog Scale (VAS). It was found that higher levels of subjectively perceived stress led to an increase in systolic blood pressure. However, systolic blood pressure significantly increased with the rise in subjective stress assessment only during the first 2 h of work. Whereas at the end of the workday, there was no relationship between VAS and systolic blood pressure. Systolic blood pressure significantly decreased during work hours only in younger individuals and those with higher body mass, compared to older individuals and those with lower body mass. For individuals with high levels of frustration, systolic blood pressure initially decreased during the workday and then increased, whereas for individuals with low levels of frustration, systolic blood pressure initially increased and then decreased. The interaction between VAS and systolic blood pressure is intriguing. Fatigue likely plays a key role in the interaction between VAS and systolic blood pressure. The adaptive mechanism of mobilizing energy resources (allostasis) can lead to significant wear and tear on the body if it persists over time, as is the case with chronic stress (allostatic load). Consistent with these observations is a recent study: in a large population of healthy young adults, high levels of stress also led to blunted heart rate responses and additionally resulted in lower habituation over time (64).

The results of the study indicate that diastolic blood pressure levels were dependent on the employee group. Among medical dispatchers, diastolic blood pressure values were higher at the beginning of the shift compared to the end of the shift. This phenomenon can be explained by the body’s natural circadian rhythm, which regulates hormonal fluctuations to align them with daily activity patterns and support optimal functioning throughout the day. Under normal physiological conditions, cortisol levels show a significant increase within the first 30 to 45 min after waking, a phenomenon known as the Cortisol Awakening Response (CAR). This peak prepares the body for the demands of the day by mobilizing energy reserves, increasing glucose availability, and modulating immune functions. After this morning rise, cortisol levels gradually decrease throughout the day, reaching their lowest point in the early evening (65). Whereas an opposite trend, with increasing diastolic pressure, was observed among CPR operators. It can be inferred that the work process leads to an increase in stress levels among the group of 112 operators. Interesting results were also obtained from the analysis of call duration and working hours. Without visible differences between groups, a low average daily customer service time was associated with a gradual increase in diastolic blood pressure throughout the day, while for those with longer daily customer service time, the effect was non-significant. It can be speculated that quick and efficient assistance in crisis situations is a source of increased emotional tension, resulting in higher cortisol levels.

For individuals with high levels of work-related discouragement combined with high arousal (LPHA), systolic blood pressure followed a similar pattern to general systolic blood pressure trends, i.e., it initially decreased during work and then increased, while for those with low levels of LPHA, systolic blood pressure initially increased and then decreased. This result confirms an adaptive mechanism to existing work conditions: individuals who are both discouraged and highly aroused experience increasing fatigue during work hours, which manifests as an increase in diastolic pressure. In contrast, individuals who are not discouraged by work and not highly aroused experience stabilization after several hours of work, and both systolic and diastolic pressures decrease.

Assuming normal blood pressure values to be below 139/89, we can conclude that hypertension was not observed among the study participants. The average values in the groups were as follows: dispatchers 133/81, operators 122/75. Thus, the stress experienced does not appear to cause negative health effects. Other studies indicate that the prevalence of hypertension among individuals with moderate work stress was twice as high (95% CI: 1.003–4.193), and among individuals with high work stress, it was 2.87 times higher than among individuals with low work stress (95% CI: 1.142–7.194). Individuals with high work stress had an average increase in systolic blood pressure of 3.43 mmHg (95% CI: 2.02–4.84) and an average increase in diastolic blood pressure of 2.07 mmHg (95% CI: 1.17–2.97) compared to individuals with low work stress (66, 67). Numerous studies also confirm the association between hypertension and long working hours, as well as cortisol reactivity. Women exhibited a stronger association between occupational constraints and hypertension compared to men (68). There are many factors that can influence variable work engagement, such as older or middle age, affective experiences, physical activity, or circadian rhythms (69, 70). It is likely that different factors are perceived differently by each person, with some being more suitable or important for certain individuals depending on their work outcomes, as well as their family situation, personality, and priorities. For instance, a positive attitude toward parenthood and flexible work arrangements seem to be more beneficial for overall well-being and work engagement among working parents (71, 72).

Considering the specifics of the job and the factors that can lead to increased stress levels, solutions should be introduced to minimize the negative health effects caused by hypersecretion of cortisol. Elevated cortisol levels sustained over several days can lead to serious conditions, such as metabolic disorders, including type 2 diabetes, as well as depression, mental health disorders, and hypertension (73).



4.6 Workplace environment and support systems

The modern workplace in a new building with excellent facilities supports the effectiveness of preventive measures aimed at reducing the occurrence of high stress levels. The authors’ observations during the study show that the organizational and technical conditions are of a very high standard. Although employees spend many hours at work, they are provided with the conditions to prepare and eat meals, as well as comfortable spaces for rest and relaxation. Relationships within the team often extend beyond the formal work environment, and this is considered an added value, highly appreciated by the respondents. Good cooperation, positive relationships, and constructive support from the management are also of great importance. Medical dispatchers have the opportunity to regularly collaborate with a psychologist who is well-acquainted with the specifics of their work and is present at the workplace. There are many studies about emergency operators, but most of them focus only on certain aspects of this work, and there is a lack of proper attention to psychological factors. There is a need for further scientific inquiry into cortisol levels and perceived stress in emergency call operators (74).

It should also be noted that healthcare workers are at high risk of experiencing a lack of respect while performing their duties. Situations, such as patients addressing healthcare workers inappropriately, patients and consultants having unrealistic perceptions of nurses’ workload, or unfair behavior from some managers and colleagues are examples of mistreatment in these environments (75). Moreover, emotional experiences function as fundamental mechanisms that connect the work domain with the non-work domain. Significant events in the workplace trigger emotional reactions in employees and can influence various workplace behaviors. Therefore, mistreatment is an emotionally charged event that can generate negative affective reactions and have serious consequences for both well-being and performance (76).



4.7 Conclusion

The conducted research allows for the conclusion that, despite the stress associated with emergency number operators’ positions and shift work, environmental factors at the workplace do not have a negative impact on employees’ health. Monitoring and analyzing individual reactions to existing hazards will enable the implementation of actions that allow employees to carry out their duties without compromising their health. The work environment, both physically and psychologically, is a critical element that should be under constant control, which will facilitate the implementation of best practices that promote health maintenance. Identifying stressful events can be crucial for safety practices.



4.8 Limitations of the study

The study has several limitations. First, it is a quasi-experimental study, which does not allow for the establishment of causal relationships. Second, the small sample size may have contributed to some statistically insignificant results. It would be advisable to continue the research on a larger sample group. Additionally, there was also a significant disparity between the genders of the study participants. It would be beneficial to select a study group with equal representation of both genders, as this could provide more reliable results, considering the significant differences in physiological responses to stress between women and men. The exclusion criterion for women using oral contraceptives further exacerbates this selection bias by systematically excluding a substantial portion of the female population. While this exclusion is crucial for controlling the potential confounding effects of hormonal influences on the study outcome, it limits the findings’ generalizability to the broader female population. The subjective assessment of working conditions (the organization of work and the working conditions) was also not investigated. The organizational level and favorable working conditions in the workplace can influence different stress responses.




Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Bioethics Committee at the John Paul II Catholic University of Lublin Al. Racławickie 1,420-950 Lublin Decision No. 9/2024 of April 3, 2024. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

KK: Conceptualization, Funding acquisition, Investigation, Methodology, Supervision, Writing – original draft, Writing – review & editing. BC: Conceptualization, Methodology, Supervision, Writing – original draft. AR: Investigation, Writing – original draft. ES: Writing – review & editing. AB-B: Writing – review & editing. KP: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The funds come from the Institute’s Director’s reserve for research (SWIF 1/6 20-24-26-0301-002-1100).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Uliaszek, AA, Zinbarg, RE, Mineka, S, Crske, MG, Sutton, JM, Griffith, J , et al. The role of neuroticism and extraversion in the stress–anxiety and stress–depression relationships. Anxiety Stress Coping. (2010) 23:363–81. doi: 10.1080/10615800903377264 

 2. Lücke, AJ, Schilling, OK, Kunzmann, U, Gerstorf, D, Katzorreck-Gierden, M, Hoppmann, CA , et al. Neuroticism, emotional stress reactivity and recovery in daily life: examining extraversion and openness as moderators. J Res Pers. (2024) 109:104474. doi: 10.1016/j.jrp.2024.104474

 3. Salleh, MR. Life event, stress and illness. Malaysian J Med Sci: MJMS. (2008) 15:9–18.

 4. Havlovic, SJ, and Keenan, JP. Coping with work stress: The influence of individual differences In: SJ Havlovic and JP Keenan, editors. Occupational Stress, vol. 2024. US: CRC press (2020). 179–92.

 5. Devi, PCB, Reddy, MA, Zahan, O, and Sharma, JVC. The effect of stress on human life. Adalya J. (2019) 8:792–811.

 6. Basińska, B, and Wilczek-Rużyczka, E. Burnout syndrome and fatigue in the context of shift work and occupational stress among surgical nurses. Psychol Rev. (2011) 54:99–113.

 7. Warr, P, and Clapperton, G. The joy of work? Jobs, happiness and you. London: Routledge (2010).

 8. Kozioł, L. Organization of relationships and working conditions in an enterprise In: S Kozina, editor. Selected Problems of Relationship Management in Enterprises Mfiles.pl. Kraków (2015). 11–34.

 9. Hauk, M. Evolution of work forms, labor market changes, and the tasks of psychologists. Acta Univ Lodz Folia Psychol. (2010) 14:82–96. doi: 10.18778/1427-969X.14.06

 10. Paschoal, T, Torres, CV, and Porto, JB. Happiness at work: relation with organizational support and social support. RAC, Curitiba. (2010) 14:1054–72. doi: 10.1590/S1415-65552010000700005 

 11. Drabik, I, Kubiak-Sokół, A, and Sobol, E. Dictionary of the polish language PWN. Warsaw: PWN (2021).

 12. Ozamiz-Etxebarria, N, Legorburu Fernnadez, I, Lipnicki, DM, Idoiaga Mondragon, N, and Santabárbara, J. Prevalence of burnout among teachers during the COVID-19 pandemic: a Meta-analysis. Int J Environ Res Public Health. (2023) 20:4866. doi: 10.3390/ijerph20064866 

 13. Selye, H. Stress without distress In: G Serban, editor. Psychopathology of Human Adaptation. Boston: Springer (1976)

 14. Amiłowska-Czaja, A, and Kretek, H. Methods of studying stress and burnout on the example of a group of policewomen and nurses. Eunomia – Sustain Dev. (2020) 1:60–90. doi: 10.5604/01.3001.0014.3920

 15. Wojciechowska, M, Jasielska, A, Ziarko, M, Sieński, M, and Różewicki, M. Share mediating role of stress at work in the relationship of alexithymia and PTSD among emergency call operators. Int J Environ Res Public Health. (2021) 18:12830. doi: 10.3390/ijerph182312830 

 16. Pérez-Valdecantos, D, Caballero-García, A, Del Castillo-Sanz, T, Bello, HJ, Roche, E, and Córdova, A. Stress salivary biomarkers variation during the work day in emergencies in healthcare professionals. Int J Environ Res Public Health. (2021) 18:3937. doi: 10.3390/ijerph18083937 

 17. Kaczmarczyk, B, and Lis, K. Emergency number 112: its nature and the need to educate the public in Poland. Security Dimensions. (2020) 32:128–48. doi: 10.5604/01.3001.0014.1151

 18. Møller, TP, Jensen, HG, Viereck, S, Lippert, F, and Østergaaard, D. Medical dispatchers’ perception of the interaction with the caller during emergency calls-a qualitative study. Scand J Trauma Resusc Emerg Med. (2021) 29:1–10. doi: 10.1186/s13049-021-00860-y 

 19. Tarani, C, Heraclides, A, and Kumari, M. Psychophysiological biomarkers of workplace stressors. Neurosci Biobehav Rev. (2010) 35:51–7. doi: 10.1016/j.neubiorev.2009.11.005 

 20. Brosschot, JF. Markers of chronic stress: prolonged physiological activation and (un)conscious perseverative cognition. Neurosci Biobehav Rev. (2010) 35:46–50. doi: 10.1016/j.neubiorev.2010.01.004 

 21. Donnelly, M, Foster, M, and Field, T. Cortisol stress hormones as a psychobiological mechanism in coronary artery disease: a critical review. J Clin Psychol Neurol. (2024) 2:1–7. doi: 10.61440/JCPN.2024.v2.29

 22. Karlsson, K, Niemela, P, and Jonsson, A. Heart rate as an indicator of stress in ambulance personnel: a pilot study of the body's response to an ambulance alarm. Prehosp Disaster Med. (2011) 26:21–6. doi: 10.1017/s1049023x10000129 

 23. Van der Ploeg, E, and Kleber, RJ. Acute and chronic stress factors in the work of emergency medical service personnel: predictors of health symptoms. Occup Environ Med. (2003) 60:i40–6. doi: 10.1136/oem.60.suppl_1

 24. Golding, SE, Horsfield, C, Davies, A, Egan, B, Jones, M, Raleigh, M , et al. Exploring the psychological health of emergency dispatch Centre operatives: a systematic review and narrative synthesis. PeerJ. (2017) 5:e3735. doi: 10.7717/peerj.3735 

 25. Bedini, S, Braun, F, Weibel, L, Aussedat, M, Pereira, B, and Dutheil, F. Stress and salivary cortisol in emergency medical dispatchers: a randomized shifts control trial. PLoS One. (2017) 12:e0177094. doi: 10.1371/journal.pone.0177094 

 26. Van Katwyk, PT, Fox, S, Spector, PE, and Kelloway, EK. Using the job-related affective well-being scale (JAWS) to investigate affective responses to work stressors. J Occup Health Psychol. (2000) 5:219–30. doi: 10.1037//1076-8998.5.2.219 

 27. Russell, JA. A Circumplex model of affect. J Pers Soc Psychol. (1980) 39:1161–78.

 28. Duyan, EC, Aytaç, S, Akyıldız, N, and Van Laar, D. Measuring work related quality of life and affective well-being in Turkey. Mediterr J Soc Sci. (2013) 4:105–16. doi: 10.5901/mjss.2013.v4n1p105

 29. Lesage, F, and Berjot, S. Validity of occupational stress assessment using a visual analogue scale. Occup Med. (2011) 61:434–6. doi: 10.1093/occmed/kqr037 

 30. Tankumpuan, T, Kruahong, BC, and Davidson, PM. ‘Snapshot’ cohort study design across multi-site research settings: challenges, strategies, and solutions. Eur J Cardiovasc Nurs. (2023) 22:664–8. doi: 10.1093/eurjcn/zvad060 

 31. Bates, D, Mächler, M, Bolker, B, and Walker, S. Fitting linear mixed-effects models using lme4. J Stat Softw. (2015) 67:1–48. doi: 10.18637/jss.v067.i01

 32. Alloqi Tahirbegolli, I, Tahirbegolli, B, Şen, S, Sayın, B, Kaşkal, M, and Üresin, A. Evaluation of stress response in middle-aged male diabetic hypertensive patients. Clin Endocrinol Metab. (2023) 108:2307–14. doi: 10.1210/clinem/dgad122 

 33. Jacobs, N, Nicolson, NA, Derom, C, Delespaul, P, van Os, J, and Myin-Gemeys, I. Electronic monitoring of salivary cortisol sampling compliance in daily life. Life Sci. (2005) 76:2431–43. doi: 10.1016/j.lfs.2004.10.045 

 34. Poll, E, Kreitschmann-Andermahr, I, Langejuergen, Y, Stanzel, S, Gilsbach, JM, Gressner, A , et al. Collection method affects predictability of serum cortisol. Clin Chim Acta. (2007) 382:15–9. doi: 10.1016/j.cca.2007.03.009 

 35. Klichowska-Palonka, M, and Pac-Kożuchowska, E. The use of saliva analysis in Endocrinological diagnostics. Pediatr Endocrinol. (2009) 1:63. doi: 10.18544/EP-01.08.02.1147

 36. Hucklebridge, F, Clow, A, and Evans, P. The relationship between salivary secretory immunoglobulin a and cortisol: neuroendocrine response to awakening and diurnal cycle. Int J Psychophysiol. (1998) 31:69–76.

 37. Hucklebridge, F, Hussain, T, Evans, P, and Clow, A. The diurnal patterns of the adrenal steroids cortisol and dehydroepiandrosterone (DHEA) in relation to awakening. Psychoneuroendocrinology. (2005) 30:51–7. doi: 10.1016/j.psyneuen.2004.04.007

 38. Adam, EK, Quinn, ME, Tavernier, R, McQuillan, MT, Dahlke, KA, and Gilbert, KE. Diurnal cortisol slopes and mental and physical health outcomes: a systematic review and meta-analysis. Psychoneuroendocrinology. (2017) 83:25–41. doi: 10.1016/j.psyneuen.2017.05.018 

 39. Adam, EK, Sutton, JM, Doane, LD, and Mineka, S. Incorporating hypothalamic–pituitary–adrenal axis measures into preventive interventions for adolescent depression: are we there yet? Dev Psychopathol. (2008) 20:975–1001. doi: 10.1017/S0954579408000461

 40. Dickerson, SS, and Kemeny, ME. Acute stressors and cortisol responses: a theoretical integration and synthesis of laboratory research. Psychol Bull. (2004) 130:355–91. doi: 10.1037/0033-2909.130.3.355 

 41. Gunnar, MR, and Donzella, B. Social regulation of the cortisol levels in early human development. Psychoneuroendocrinology. (2002) 27:199–220. doi: 10.1016/s0306-4530(01)00045-2 

 42. Adam, EK. Emotion-cortisol transactions occur over multiple time scales in development: implications for research on emotion and the development of emotional disorders. In: Dennis TA, buss KA, Hastings PD, editors. Physiological measures of emotion from a developmental perspective: state of the science. Monogr Soc Res Child Dev. (2012) 77:17–27. doi: 10.1111/j.1540-5834.2012.00657.x

 43. Gustafsson, PE, Gustafsson, PA, Ivarsson, T, and Nelson, N. Diurnal cortisol levels and cortisol response in youths with obsessive-compulsive disorder. Neuropsychobiology. (2008) 57:14–21. doi: 10.1159/000123117 

 44. Shirtcliff, EA, Peres, J, Dismukes, AR, Lee, Y, and Phan, YM. Hormones: commentary. Riding the physiologial roller coaster: adaptive significance of cortisol stress reactivity to social contexts. J Personal Disord. (2014) 28:40–51. doi: 10.1521/pedi.2014.28.1.40

 45. Bateup, HS, Booth, A, Shirtcliff, EA, and Granger, DA. Testosterone, cortisol, and women's competition. Evol Hum Behav. (2002) 23:181–92. doi: 10.1016/S1090-5138(01)00100-3

 46. Kecklund, G, and Axelsson, J. Health consequences of shift work and insufficient sleep. BMJ. (2016) 355:i5210. doi: 10.1136/bmj.i5210 

 47. Carré, J, Muir, C, Belanger, J, and Putnam, SK. Hormonal and psychological levels before competitions in elite hockey players: the relationship with 'Home court Advantage'. Physiol Behav. (2006) 89:392–8. doi: 10.1016/j.physbeh.2006.07.011

 48. Vente, D, Olff, M, JGC, VA, Kamphuis, JH, and PMG, E. Physiological differences between burnout patients and healthy controls: blood pressure, heart rate, and cortisol. Occup Environ Med. (2003) 60:i54–61. doi: 10.1136/oem.60.suppl_1.i54 

 49. Hackett, RA, Dal, Z, and Steptoe, A. The relationship between sleep problems and cortisol in people with type 2 diabetes. Psychoneuroendocrinology. (2020) 117:104688. doi: 10.1016/j.psyneuen.2020.104688 

 50. Pruessner, JC, Hellhammer, DH, and Kirschbaum, C. Burnout, perceived stress, and cortisol responses to awakening. Psychosom Med. (1999) 61:197–204.

 51. Kudielka, BM, Bellingrath, S, and Hellhammer, DH. Cortisol in burnout and vital exhaustion: an overview. G Ital Med Lav Ergon. (2006) 28:34–42.

 52. Späth-Schwalbe, GM, Kern, W, Born, J, and Fehm, HL. Sleep disruption alters nocturnal ACTH and cortisol secretory patterns. Biol Psychiatry. (1991) 29:575–84.

 53. Huang, XX, Jiang, XM, Zheng, QX, and Chen, XQ. The association between circadian rhythm of cortisol and shift work regularity among midwives—a multicenter study in Southeast China. Front Public Health. (2022) 10:965872. doi: 10.3389/fpubh.2022.965872

 54. El-Benhawy, SA, El-Tahan, RA, and Nakhla, SF. Exposure to radiation during shift work and night work acts as occupational stressors that alter redox and inflammatory markers. Arch Med Res. (2021) 52:76–83. doi: 10.1016/j.arcmed.2020.10.001 

 55. Cacioppo, J, Tassinary, L, and Berntson, G. Handbook of psychophysiology. Cambridge: Cambridge University Press (2007).

 56. Nickel, P, and Nachreiner, F. Sensitivity and diagnostics of the 0.1 Hz component of heart rate variability as an indicator of psychological stress. Hum Factors. (2003) 45:575–90. doi: 10.1518/hfes.45.4.575.27094

 57. Huijbregts, S, Van Berkel, S, Swaab-Barneveld, H, and Van Goozen, S. Neurobiological and behavioral reactivity to stress in children exposed to tobacco during the prenatal period. Psychoneuroendocrinology. (2011) 36:913–8. doi: 10.1016/j.psyneuen.2010.12.008 

 58. Zeka, A, Zanobetti, A, and Schwartz, J. Short term effects of particulate matter on cause specific mortality: effects of lags and modification by city characteristics. Occup Environ Med. (2005) 62:718–25. doi: 10.1136/oem.2004.017012

 59. Radi, S, Lang, T, Lauwers-Cancès, V, Diène, E, Chatellier, G, Larabi, L , et al. IHPAF group. Job constraints and arterial hypertension: different effects in men and women: the IHPAF II case control study. Occup Environ Med. (2005) 62:711–7. doi: 10.1136/oem.2004.012955 

 60. Zänkert, S, Bellingrath, S, Wüst, S, and Kudielka, BM. HPA axis responses to psychological challenge linking stress and disease: what do we know on sources of intra- and interindividual variability? Psychoneuroendocrinol. (2019) 105:86–97. doi: 10.1016/j.psyneuen.2018.10.027

 61. Kent, J, Thornton, M, Fong, A, Hall, E, Fitzgibbons, S, and Sava, J. Acute provider stress in high stakes medical care: implications for trauma surgeons. J Trauma Acute Care Surg. (2020) 88:440–5. doi: 10.1097/TA.0000000000002565 

 62. Wong, IS, Ostry, AS, Demers, PA, and Davies, HW. Job strain and shift work influences on biomarkers and subclinical heart disease indicators: a pilot study. J Occup Environ Hyg. (2012) 9:467–77. doi: 10.1080/15459624.2012.693831 

 63. Weibel, L, Gabrion, I, Aussedat, M, and Kreutz, G. Work-related stress in an emergency medical dispatch center. Ann Emerg Med. (2003) 41:500–6. doi: 10.1067/mem.2003.109

 64. Charbotel, B, Croidieu, S, Vohito, M, Guerin, AC, Renaud, L, Jaussaud, J , et al. Working conditions in call-centers, the impact on employee health: a transversal study. Part II. Int Arch Occup Environ Health. (2009) 82:747–56. doi: 10.1007/s00420-008-0351-z 

 65. Schiweck, C, Gholamrezaei, A, Hellyn, M, Vaessen, T, Vrieze, E, and Claes, S. Exhausted heart rate responses to repeated psychological stress in women with major depressive disorder. Front Psychol. (2022) 13:869608. doi: 10.3389/fpsyt.2022.869608 

 66. Fries, E, Dettenborn, L, and Kirschbaum, C. Reakcja przebudzenia kortyzolu (CAR): fakty i przyszłe kierunki. Int J Psychophysiol Off J Int Organ Psychophysiol. (2009) 72:67–73. doi: 10.1016/j.ijpsycho.2008.03.014 

 67. Wang, J, Zhu, L, Song, L, Zhou, Z, Chan, W, Li, G , et al. A cohort study on the association between changing occupational stress, hair cortisol concentration, and hypertension. PLoS One. (2023) 18:e0285623. doi: 10.1371/journal.pone.0285623 

 68. Landsbergis, PA, Dobson, M, Koutsouras, G, and Schnall, P. Job strain and ambulatory blood pressure: a meta-analysis and systematic review. Am J Public Health. (2013) 103:e61–71. doi: 10.2105/AJPH.2012.301153 

 69. Hamer, M, and Steptoe, A. Cortisol responses to mental stress and incident hypertension in healthy men and women. J Clin Endocrinol Metab. (2012) 97:E29–34. doi: 10.1210/jc.2011-2132 

 70. Slopen, N, Glynn, RJ, Buring, JE, Lewis, TT, Williams, DR, and Albert, MA. Job strain, job insecurity, and incident cardiovascular disease in the Women's health study: results from a 10-year prospective study. PLoS One. (2012) 7:e40512. doi: 10.1371/journal.pone.0040512 

 71. Riediger, M, Wrzus, C, Klipker, K, Müller, V, Schmiedek, F, and Wagner, GG. Outside of the laboratory: associations of working-memory performance with psychological and physiological arousal vary with age. Psychol Aging. (2014) 29:103–14. doi: 10.1037/a0035766 

 72. Eek, F, and Axmon, A. Attitude and flexibility are the most important work place factors for working parents' mental wellbeing, stress, and work engagement. Scand J Public Health. (2013) 41:692–705. doi: 10.1177/1403494813491167

 73. Bozovic, D, Racic, M, and Ivkovic, N. Salivary cortisol levels as a biological marker of stress reaction. Mediev Archaeol. (2013) 67:374–7. doi: 10.5455/medarh.2013.67.374-377

 74. Abolfazl, VS. Workplace incivility: a concept analysis. Contemp Nurse. (2015) 50:115–25. doi: 10.1080/10376178.2015.1010262

 75. Aronsson, G, Theorell, T, Grape, T, Hammarström, A, Hogstedt, C, Marteinsdottir, I , et al. Systematic review including meta-analysis of work environment and burnout symptoms. BMC Public Health. (2017) 17:1–13. doi: 10.1186/s12889-017-4153-7 

 76. Makara-Studzińska, M, Załuski, M, and Adamczyk, K. Burnout and perceived stress of polish emergency call takers and dispatchers. Int J Environ Res Public Health. (2021) 18:10206. doi: 10.3390/ijerph181910206


Copyright
 © 2025 Kulczycka, Chilimoniuk, Rymuszka, Stychno, Bałanda-Bałdyga and Pałucka. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cortisol levels and perceived stress in emergency call operators



		1 Introduction



		2 Materials and methods



		2.1 Methods of data collection



		2.2 Participants



		2.3 Exclusion criteria



		2.4 Measurement of physiological parameters and cortisol



		2.5 Data analysis









		3 Results



		3.1 Cortisol



		3.2 Heart rate



		3.3 Systolic blood pressure



		3.4 Diastolic blood pressure









		4 Discussion



		4.1 Cortisol secretion and stress



		4.2 Cortisol awakening response and stress



		4.3 Heart rate and stress



		4.4 Workplace stress and its impact on physiological responses



		4.5 Blood pressure and subjective stress



		4.6 Workplace environment and support systems



		4.7 Conclusion



		4.8 Limitations of the study









		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Cortisol levels and perceived
stress in emergency call
operators












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1539516-g005.jpg
L

Heart rate
3

50

0.0

25

50
‘Working hour

75

10.0

High pressure
/low arousal

-1sD
mean
+1SD





OPS/images/fpubh-13-1539516-g006.jpg
Systolic blood pressure

180

160

140

120

100

0.0

25

50
Working hour

75

10.0

Perceived
Stress Level
(VAS)

El -1SD

mean
+1SD





OPS/images/fpubh-13-1539516-g003.jpg
Low pressure
/ Low arousal

E -1sD

mean
+1SD.

00 25 50 75 100
Working hour





OPS/images/fpubh-13-1539516-g004.jpg
90

80

Heart rate

60

50

0.0

25

50
Working hour

75

10.0

Sex

El Female

B Male





OPS/images/fpubh-13-1539516-t001.jpg
Row n Meai Sd Median Min Max

ge Skew Kurto:

Age 23 3661 8.8 3500 2600 65.00 39.00 158 346

Total Experience 2 1270 9.01 1000 0.08 45.00 4492 186 454

Current Experience 2 570 421 600 0.08 15.00 1492 045 ~095
Height 2 176.04 8.84 174.00 158.00 195.00 37.00 041 -031
Weight 2 79.09 16.67 78.00 47.00 107.00 60.00 ~0.02 ~080
Availability 2 1383 360 14.00 600 2000 14.00 -033 ~057
Expectation 2 17.65 425 18.00 9.00 27.00 18.00 001 ~040
Break 2 578 259 500 200 13.00 1100 081 043

Requirements 2 390 044 400 302 450 138 -o1 -135
Control 2 358 049 367 250 433 183 -053 -073
Supervisor Support 2 382 0.64 380 260 460 200 ~049 ~088
Co-worker Support 2 413 072 400 200 500 300 -0.96 103

Relationships 2 402 0.6 425 225 500 275 -0.88 044

Role 23 4.67 036 480 400 500 100 -054 -132
Change 2 391 093 400 100 500 400 -123 190

Job Stress. 2 333 026 331 257 3.66 109 -L18 119

HPHA 2 282 074 280 160 400 240 003 -139
HPLA 2 292 059 280 180 400 220 022 -091
LPHA 2 193 065 190 100 340 240 037 ~064
LPLA 2 196 067 200 100 320 220 015 -102
Heart Rate (mean) 2 68.26 8.79 6683 5517 87.83 3267 056 -057
Systolic Pressure (mean) 2 129.07 1273 13050 99.67 15250 5283 ~0.64 -0.07
Diastolic Pressure (mean) 2 7872 876 7983 6383 96.00 3217 006 -097
Service Time (mean) 2 1289.22 615.14 145117 98.00 219150 209350 -082 ~040

Cortisol Log (mean) 21 044 037 -056 -099 053 151 038 024





OPS/images/fpubh-13-1539516-t002.jpg
Group 1 df  p-value p.ad

Disposition Dispatcher | Operator 13 10 072 19.19 048 0.60 ns
HPHA Dispatcher | Operator 13 10 104 19.98 031 0.60 ns
HPLA Dispatcher | Operator 13 10 ~026 19.93 080 0.80 ns
Control Dispatcher | Operator 13 10 ~0.45 2009 066 075 ns
LPHA Dispatcher | Operator 13 10 ~098 17.04 034 0.60 ns
LPLA Dispatcher | Operator 13 10 203 1838 006 057 ns
Weight Dispatcher | Operator 13 10 072 16.66 048 0.60 ns
Expectation Dispatcher | Operator 13 10 149 2017 015 0.60 ns
Break Dispatcher | Operator 13 10 -175 1183 0.10 0.60 ns
Relationships Dispatcher | Operator 13 10 029 1833 078 080 ns
Role Dispatcher | Operator 13 10 229 1474 004 057 ns
Total Experience Dispatcher | Operator 13 10 097 2081 034 0.60 ns
Current Experience Dispatcher | Operator 13 10 -155 19.23 014 0.60 ns
Work Stress Dispatcher | Operator 13 10 080 1275 044 0.60 ns
Age Dispatcher | Operator 13 10 042 2093 068 075 ns
Support from Supervisor Dispatcher | Operator 13 10 097 1334 035 0.60 ns
Support from Colleagues Dispatcher | Operator 13 10 073 16.62 047 0.60 ns
Demands Dispatcher | Operator 13 10 073 2008 047 0.60 ns
Height Dispatcher | Operator 13 10 119 2037 025 0.60 ns

Change Dispatcher | Operator 13 10 139 1333 019 0.60 ns





OPS/images/fpubh-13-1539516-g001.jpg
00

© °

(2109s d1wIyLEBO]) [9A3] _om_h._oo

15

5.0 75 100

Working hour

25

0.0





OPS/images/fpubh-13-1539516-g002.jpg
2
®
s
@0
2 &
€ High pressure
£ /high arousal
g’ -1SD
s mean
3 +1SD
2=
&-
S
o
4

00 25 50 75 10.0
Working hour





