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Introduction: Horses are highly sensitive to stress, which can affect their wellbeing and lead to various health issues. Effective and objective stress assessment is therefore crucial for improving their care and management. The production of the glucocorticoid cortisol is increased in response to stressful stimuli and its metabolites can be measured non-invasively in feces. Therefore, this study aimed to explore the impact of different environmental and physiological stressors on fecal cortisol metabolite (FCM) concentrations in horses, with a particular focus on the relationship between stress, health, and welfare. We hypothesized that increased FCM levels may be indicative of disease and thus improve early detection and subsequent intervention.

Methods: Fresh fecal samples of N = 41 horses (20 geldings and 21 mares) from the same herd were collected once weekly for 1 year. Horses had been housed in the same stable for at least a month and were accustomed to the habitat, daily routine, and social groups. Environmental conditions, health data, and potentially stressful events were recorded. Fecal concentrations of 11,17-dioxoandrostanes were measured via 11-oxoetiocholanolone enzyme immunoassay.

Results: We showed stable baseline FCM concentrations of 6.3 ng/g feces (range 0.6–28.1 ng/g feces). During the summer months, median FCM concentrations increased significantly (p < 0.05; One Way RM ANOVA), and this increase correlated with higher ambient temperatures (p < 0.0001, adjr2 = 0.669, Pearson Product Moment correlation). Additionally, other factors such as breed, coat color, and housing conditions influenced the FCM concentrations. Stressful events, such as riding exams and some painful conditions, also resulted in elevated FCM levels, although the magnitude of these responses varied across individual horses. However, not all diseases were associated with increased FCMs.

Discussion: Our findings emphasize the complexity of the hypothalamic-pituitary-adrenal axis in horses, suggesting that while high FCM levels can indicate stress, they may not be reliable biomarkers for early disease detection. Particularly in the light of climate change, the impact of heat stress in the summer months should not be neglected and measures to improve the housing conditions accordingly should become an essential part of equine health management.
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1 Introduction

Horses are known for a high sympathetic tone and an associated high susceptibility to diseases such as colic, gastric ulcer and generally impaired welfare (1–4). Many stimuli induce increased stress levels in horses, including environmental changes, social interactions, and physical discomfort (5). The activation of the hypothalamic-pituitary axis (HPA) is a key mechanism in regulating this response, aiming to restore homeostasis during episodes of stress or disease (6). In horses, like in many other mammals, the glucocorticoid cortisol is a central mediator in and marker of stress response (7). Although this is widely accepted, it is difficult to objectively measure and quantify stress levels in horses and to establish a causal link to a specific stressor. Understanding the connection between external stimuli and the associated endocrine changes is essential for the promotion of animal welfare (8), which until now often relies on subjective interpretations of animal behavior.

Many studies have measured HPA responses in order to quantify the perceived stress in unfamiliar environments that supposedly impact horses' wellbeing, such as clinical settings, transportation or equestrian events (9–12), and numerous studies have focused on how their bodies respond to painful events (13–15). However, these studies often lack an appropriate control group consisting of animals that experience no disruptions to their daily routine or wellbeing. Furthermore, there are many confounding factors that make it difficult to draw clear conclusions from most of these studies. Assessing stress in animals via plasma, saliva or fecal cortisol (metabolite) concentrations is susceptible to misinterpretation in these contexts, as these attempts to quantify or compare stress responses often fail to account for crucial HPA physiological factors that influence interpretation (16). Many studies were conducted using patients in equine clinics, which means that the horses were transported shortly before sampling, were taken away from their usual environment and social groups to the clinic, where they were subjected to unfamiliar treatments (15, 17). Similar factors play a role in horses sampled during equestrian events. All of these factors, not to mention the original cause for the horses' presence at the clinic, i.e., any kind of potentially painful disease, are supposed to elicit a stress response (17, 18) and therefore may interact and complicate interpretation. Furthermore, most studies performed the measurement only once or twice within a short time frame before exposure to the potential trigger (11, 12, 14), making it difficult to find a valid individual reference value. To ensure more accurate conclusions, it is vital to include matched control groups and establish a solid baseline for comparison, ideally longitudinally for the same horse. Also, a large sample size with consistent conditions would be preferable to accurately identify the external stimuli that truly impact stress responses.

To address these challenges, we measured fecal cortisol metabolite (FCM) concentrations as a non-invasive and reliable method for assessing stress levels in animals (19) longitudinally over a 1 year period in 41 horses of one herd. Blood/plasma cortisol measurements are often utilized as a method to quantify stress response in animals (20–22). However, the sampling procedure itself and the accompanying manipulation of the animal can potentially bias the results (23, 24). Since FCM measurements are non-invasive, less sensitive to fluctuations and the material is easier to collect than other methods such as salivary, urinary or milk glucocorticoid measurements (23) it was our method of choice for this long-term study. A key focus of our research was to examine how FCMs vary in the herd throughout the year and identify factors contributing to these changes with the goal to enhance the understanding of the relationship between stress, environmental factors, and equine health management. Therefore, the aim of the study was to explore the interplay between the horses' health, external influences, and FCM values. Besides establishing a comprehensive overview with our longitudinal study, we hypothesized that the non-invasive measurement of FCMs can support the early detection of diseases in horses.



2 Materials and methods


2.1 Animals

From November 2022 until the end of October 2023, 41 horses (20 geldings and 21 mares) from a single riding stable in Lower Austria were enrolled in the study. The group contained different breeds: eight Haflinger, six other pony breeds (referred as “Ponies” in the following, consisting of two Hucul ponies, one Fjord horse and three Icelandic horses), three Nordic horses, 18 warm-blooded horses and six Western horses of which five were Quarter horses and one Criollo. Their age ranged from 9 to 27 (15 ± 4.8) years. The stable was located in a rural area at the edge of a large forest area in a continental Pannonian climate. Throughout the whole year, ambient temperatures varied with the seasons, ranging from −9.4°C in winter to 36.3°C in summer. All horses were kept separately in 3 × 4 m boxes with access to 3 × 8 m individual paddocks and had been housed in the stable for at least 1 month prior to study begin. Therefore, they were accustomed to the habitat, daily routine, and social groups. They had free access to water and were fed a standard grain ratio for riding horses consisting of oats and muesli as well as hay three times daily. The horses worked for 45–90 min in riding lessons (mostly dressage or cavaletti training) on a daily basis except weekends between September and June. Riding lessons took place in groups of 4–8 horses being ridden by students (12–18 years old). Due to the consistent training and the animals' body condition scores of 5 ± 1 (assessed by veterinarians twice a year) the fitness of the horses was rated as equal. Additionally, the animals were turned out in group paddocks/pastures once a day for a couple of hours. In the summer months (July–September), the routine of the horses changed, as they were kept in the group paddocks overnight and spent the afternoons in the stables; during these months, the horses were hardly trained. The horses were monitored constantly, and extraordinary events and health data of the horses were recorded by the stable personnel and attending veterinarians.



2.2 Fecal cortisol metabolites (FCMs)

Fecal samples were collected from freshly shed feces once weekly (mid-week) at 8 a.m. over a 1-year period and immediately stored at −80°C until further analysis. The sampling was authorized by the ethic commission of the Vetmeduni Vienna (reference number: ETK-030/02/2023).

A total of 2,091 samples (51 samples each from a total of 41 horses) were extracted as described previously (9). In brief, 0.5 g of feces were mixed with 5 mL 80% methanol, vortexed for 30 min and then centrifuged (2,500 × g; 15 min). A volume of 1 ml of the supernatant was transferred into new vials and 5 ml diethylether as well as 0.25 mL 5% NaHCO3 added, vortexed for 10 s, centrifuged (2,500 × g; 15 min; 4°C) and then frozen at −20°C overnight. Subsequently, the supernatant was transferred into new vials and dried down before being redissolved in 0.5 mL assay buffer. Concentrations of 11,17-dioxoandrostanes were measured via an 11-oxoetiocholanolone enzyme immunoassay (EIA), which has been described in detail before (25). This EIA has been successfully validated and applied for horses (26, 27).



2.3 Statistics

Statistical analysis was performed with Sigma Plot 14.5 (Systat Software Inc., Germany). Data were tested for normality and equal variance using a Shapiro-Wilk test and a Brown-Forsythe test, respectively. One- or two-way repeated measurements (RM) ANOVA was used to identify differences between more than two groups or time points as well as interactions between different factors. Correlation analysis was performed using a Pearson Product Moment correlation. To determine baseline FCM values over a whole year, outliers were identified using GraphPad Prism 10.3.0 (Graphpad Software Inc., USA) and the median of the remaining values was calculated. Graphs were made using either GraphPad Prism or Sigma Plot. Weather data were obtained retrospectively from Meteostat Tulln.




3 Results


3.1 FCM concentrations over the course of the year

FCM concentrations were determined once weekly for each horse. A stable baseline of median FCM concentrations of 6.3 (ranging from 0.6 to 28.1) ng/g feces was found. Except for few outliers, all values were almost constant in all horses in the months from September to May. In the summer months, from the end of May until the beginning of September, FCM concentrations increased significantly compared to the rest of the year (p < 0.05) and a higher variation between individuals was observed (Figure 1).
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FIGURE 1
 (A) Individual FCM values for all horses at all time points sampled. Dots of the same color represent FCM values of one horse for each week over the period of 1 year. (B) Median FCM values of all horses for each month. Boxplots show median (line within the box) ± interquartile range (shown by the box) and minimum and maximum values (whiskers), dots represent the median FCM concentrations for each horse in the respective month. Different letters indicate a statistically significant difference between the months (N = 41, One Way RM ANOVA, p < 0.05).




3.2 Individual characteristics influencing FCM levels

To identify factors that might have caused the variation of FCM levels during the summer months, the horses were grouped according to their sex, age, rank in the herd, coat color, breed, and paddock group to test for statistical differences and interactions between the different factors and the sampling time point (Figure 2). There were neither significant differences between male and female horses (Figure 2A), nor regarding the age of the horses (Figure 2B) nor their rank (Figure 2C). None of these factors interacted with the sampling time point. Comparing the coat color (Figure 2D), there was a significant interaction between sampling time point and color (p < 0.05) and particularly at those time points when a high variation was observed between the animals (weeks 34, 36, 37, 39, 40, 41, and 42 of sample taking, i.e., end of June to end of August), light coated animals showed significantly higher FCM values than the ones with dark fur, as well as in comparison to intermediate colored horses in weeks 37, 40, and 41 (p < 0.05). Also, intermediate-colored horses had significantly higher FCM levels than dark ones in week 34 (p < 0.001). Last, we also tested for the influence of the breed, considering the four most frequent breeds in the herd. There was a significant interaction between sampling time point and breed (p < 0.001; Figure 2E), with higher FCM concentrations in samples of Western horses and Ponies in comparison to warm-blooded horses and Haflingers in week 29 (p < 0.001), while Ponies had higher values in comparison to all other breeds in week 34 (p < 0.05) and Western horses had higher concentrations than warm-blooded horses in week 35 (p < 0.05). The paddock groups significantly interacted with the sampling timepoints (p < 0.05, Figure 2F), and the group comparison revealed results resembling those observed in the breed comparison, as the group composition was quite similar. In weeks 29 and 35, paddocks 2 (primarily Ponies) and 5 (mainly Western horses) had significantly higher FCM values (p < 0.05) compared to the other paddock groups. Additionally, paddock 2 showed significantly higher values in weeks 34, 39, and 42 (p < 0.05) relative to the other groups. Notably, paddock group 3 displayed significantly lower FCM levels than other groups during weeks 29, 32, 35, 36, 39, 40, 41, and 42 (p < 0.05).
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FIGURE 2
 Median (±95% CI) FCM concentrations of horses divided into groups comparing (A) sex (N = 20 geldings, N = 21 mares), (B) age (N = 8 < 10 years, N = 19 11–15 years, N = 14 > 16 years), (C) rank (N = 10 high ranked, N = 26 middle, N = 5 low ranked horses), (D) coat color (N = 7 light, N = 12 intermediate, N = 23 dark coated horses) and (E) breed (N = 8 Haflingers, N = 6 Ponies, N = 18 warm-blooded horses, N = 6 Western horses), (F) paddock groups (paddock 1: N = 7, paddock 2: N = 8, paddock 3: N = 6, paddock 4: N = 7, paddock 5: N = 8). There were significant interactions between sampling timepoints and groups regarding paddock groups, coat color and breed (p < 0.05; Two-Way RM ANOVA), but not for any of the other factors. Asterisks indicate significantly higher values in paddock groups 2 and 5, rhombs indicate significantly lower values in paddock group 3 in comparison to other groups.




3.3 FCM levels in correlation with ambient temperature

As the highest variation of median FCM levels from the baseline appeared to happen particularly in the summer months, we further tested their correlation with ambient temperatures. We found a highly significant sigmoidal correlation with the average ambient temperature per week (Figure 3; adjr2= 0.669, p < 0.0001, Pearson Product Moment Correlation), i.e., with increasing ambient temperatures, FCM levels also increased. However, while the mean temperature did not rise above 25°C, FCM levels were still increasing, thus forming a plateau.


[image: Figure 3]
FIGURE 3
 Sigmoidal correlation between mean ambient temperature and median FCM concentrations (Pearson Product Moment Correlation, adjr2= 0.669, p < 0.0001).




3.4 Influence of exams and disease on FCM levels

To identify potential stressors, we measured FCM levels of horses 24 h after a riding exam and compared them with a sample collected 1 week before this event. This time corresponds to the delay time of FCM excretion (28). Another group of horses, which did not participate in the exam, served as a control group. Nonparticipants had median FCM concentrations of 7.6 with a range spanning from a minimum of 2.4 to a maximum of 16.1 ng/g feces 1 week before and 9.2 ranging from a minimum of 4.4 to a maximum of 29.9 ng/g feces on the day after the exam, while participants had values of 7.0 ranging from a minimum of 3.9 to a maximum of 13.3 ng/g feces 1 week before and 11.6 with minimum values of 3.2 and maximum values of 69.2 ng/g feces 1 day after the exam.

Both, the comparison between the groups as well as between timepoints, resulted in significantly higher FCM concentrations in the group of participating animals 24 h after the exam compared to the control group as well as the values of the same horses 1 week before the exam (p < 0.05; Figure 4).


[image: Figure 4]
FIGURE 4
 Median FCM concentrations of horses participating in a riding exam were higher than baseline values measured 1 week before (N = 16; red boxes) as well as compared with non-participating herd mates (N = 25; blue boxes) (One-Way ANOVA). Boxplots show median (line within the box) ± interquartile range (shown by the box) and minimum and maximum values (whiskers). Dots represent the FCM concentrations for each horse at the respective timepoint.


Besides excitement due to exams, disease is supposed to be another stressful stimulus in horses (9). We compiled FCM values of horses, that were examined by a veterinarian for various symptoms during the acute diseased phase and compared these to the values of the same horses 2 weeks before and after. FCM concentrations were increased during the acute phase of disease (median = 8.1; minimum = 3.6; maximum = 57.1 ng/g feces) compared to the values before (median = 6.4; minimum = 2.9; maximum = 19.1 ng/g feces) and after (median = 5.8; minimum = 1.7; maximum = 16.9 ng/g feces) (One Way RM ANOVA; p < 0.05; Figure 5A). However, FCM values appeared not to be increased in all horses during all pathological events. Hence, we further subdivided the diseases in orthopedic lesions (mainly lameness), gastrointestinal disease (diarrhea or fecal water) and traumatic, potentially painful diseases (injuries, edema, swellings) (Figure 5B). By comparing these groups, we could confirm increased FCM levels during the acute phase of the disease in all groups (p < 0.01, Two Way RM ANOVA), however this appeared to be mainly due to the group of horses with traumatic diseases which had significantly higher FCM concentrations not only during the acute phase of the disease compared to other stages, but also in comparison to groups with different etiologies at any timepoint (Two Way RM ANOVA; p < 0.001)
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FIGURE 5
 Comparison of FCM values in (A) diseased horses (N = 18) before (blue boxes), during (red boxes), and after (green boxes) the reported disease resulting in significantly increased values during the time of disease (One Way RM ANOVA), as well as (B) distinguishing the etiology of the disease showing that traumatic injuries (N = 6) significantly increased FCM concentrations, whereas orthopedic (N = 6) and gastrointestinal disease (N = 6) did not (Two Way RM ANOVA; **p < 0.01). Boxplots show median (line within the box) ± interquartile range (shown by the box) and minimum and maximum values (whiskers), dots represent the median FCM concentrations for each horse at the respective timepoint.





4 Discussion

This study was conducted to measure FCM concentrations in a large group of horses over the course of a whole year and aimed to identify reliable baseline values for FCM levels in horses as well as factors leading to increased FCM levels. We hypothesized that disease processes lead to elevated FCM levels, which might thus serve as early indicator for the need of medical intervention. The findings of the present study revealed a steady baseline of median FCM concentrations in the study population during the months from September until May, which corresponds to the physiological values (0.7–10.7 ng/g feces) described earlier in a smaller group of six mares over a time period of 6 days (26). Our findings are consistent with previous research using salivary and plasma cortisol measurements. Several studies demonstrated that plasma cortisol concentrations correlate with both salivary cortisol levels (21, 29) as well as with FCM values (27, 30). For instance, Pawluski et al. reported evening plasma cortisol concentrations of 12.6 ± 1.1 ng/mL in a group of 59 horses after a rest day, with corresponding FCM levels of 4.9 ± 0.4 ng/g feces (30). Another study including 55 horses found plasma cortisol concentrations ranging from 2.5 to 40.3 ng/mL while FCMs ranged from 1.6 to 13.1 ng/g feces (27). These results align closely with the baseline values observed in our study. Particularly in the summer months the FCM concentrations were increased and showed greater variability between individuals. However, we did not observe an increase in FCM values across all horses, which may be attributed to different stress levels in individual horses or individual variations in the stress response.

One explanation for increased values in the summer months might be sex differences, anticipating that mares undergo hormonal changes associated with their reproductive cycles during this time of the year, as horses are long-day breeders (31, 32). However, our analysis revealed no significant differences in overall values between mares and geldings. Still, greater variation of the FCM values and a clearly visible peak in early summer in mares compared to geldings suggest that sex may have some effect on FCM values. Since former life experience (33) as well as the social status of the animal (34) can have an impact on individual FCM concentrations, factors like age and rank order should also not be neglected, although we did not observe an impact of these factors on FCM levels. This could be due to a pre-existing hierarchy within the herd resulting in less severe aggressive interactions (35). However, there was an interaction between FCM values and sampling timepoint in relation to the paddock groups. Nevertheless, it is unlikely that this interaction was driven by social stress, as the horses were kept in consistent, fixed groups in the paddocks throughout the year.

While social factors appeared to have no influence on FCM concentrations, our investigations revealed a highly significant correlation between FCM values and the ambient temperature, suggesting an elevated stress response due to rising temperatures in the summer months. Even though there is no clear definition of heat stress in horses (36) rising ambient temperatures activate the HPA in mammals, resulting in the release of glucocorticoids (37). In addition to their impact on immunity, metabolism, neurobiology, and reproductive physiology, glucocorticoids also mediate cardiovascular activation increasing blood pressure and cardiac output as well as promoting vasodilation to facilitate heat dissipation within the body's thermoregulation system (38). In the weeks 29, 34, and 35 of the sampling period ambient temperatures rose up to 33°C, overstepping the thermoneutral zone of horses ranging from 5 to 25°C (39). Accordingly, median FCM values reached the highest levels at these time points. Different horse breeds have distinct heat tolerance according to the adaptation to their original environment (40). This is also reflected in our data showing a significant interaction between the breed and the sampling timepoint. During the summer months, the Western horses and the Ponies had a stronger stress response mirrored by higher FCM concentrations in warmer conditions. Although the group of Ponies was rather heterogenous, they all share an origin from Northern regions, where the weather conditions are different to those experienced in central Europe. Icelandic horses have originally been bred to live in the rough climate of Iceland and the same applies for Hucul ponies, bred primarily in the Carpathian Mountains and Fjord horses, which have their origin in Norway, whereas the origin of other robust pony breeds such as Haflingers lies in warmer regions such as Tirol and South Tirol. Morphological features, such as thicker coats, help minimize heat loss from the animal (41). Additionally, small breeds have a higher surface area to body weight relation compared to warm-blooded horses, making them more susceptible to solar radiation (42). Other phenotypical factors such as the length of the legs also play a crucial role, since animals with long, slender limbs experience less heat absorption and greater heat dissipation (43). All of these factors may have a role in the thermoregulatory capacities and lead to an increased stress response to heat of the Ponies in this study. Western horses (represented in this study by five Quarter horses and one Criollo) also had a higher stress response when temperatures rose. This may be attributed to variations in the thermoneutral zone. For example, winter-acclimatized adult Quarter horse geldings exhibited their lowest metabolic rate at temperatures ranging from −10 to +10°C (44). These findings are further supported by the significantly higher FCM values observed in paddock groups 2, predominantly consisting of Ponies, and 5, which primarily housed Western horses. In addition to the temperature, relative humidity is a major factor determining heat stress. Unfortunately, there was no data available for humidity in the area during the experimental phase and could thus not be taken into account.

Additionally, we found an interaction between coat color and sampling timepoint. In combination with the correlation between ambient temperatures and FCM levels, this may indicate varying levels of heat tolerance based on coat color. It is widely accepted that black-coated animals absorb more heat than their white counterparts (45), which would suggest that they experience greater heat stress. However, in our study light-coated horses had higher FCM levels. These results align with those of Al-Haidary et al. (46), who reported that sheep with black coats exhibited better heat tolerance compared to white coated ones, evidenced by lower rectal temperatures and higher heat tolerance indices. Multiple studies examining the measurement of horses' body temperature in different setting showed increased body temperatures in warmer ambient conditions (47–49), although no differences related to coat color were observed (47, 48). Furthermore, hair characteristics have a greater influence on animal performance under thermal stress than coat color (50). Considering that Nordic pony breeds have thicker coats, both characteristics appear to play a role in our study. Interestingly, one light coated horse had particularly high FCM levels during the summer months without any obvious explanation and might therefore have (over-)emphasized the high values in this group. This can be considered as an indicator that also the horses' individual temperament influences their susceptibility to various triggers. The higher FCM values in light coated horses might also indicate that insects prefer light surfaces, and thus light-colored horses were bothered more than others. In addition to the heat, the summer months imply an increase in biting and bothering insects, which can cause irritation and stress for the horses (51). According to the subjective perception of the stable staff, insect infestation in the stable was clearly noticeable. Insect repellent sprays were used only rarely and only on some horses and no additional fly protection such as masks or blankets was used. This means that most of the animals in this study were exposed to biting insects, especially in the paddocks. These factors may also trigger a heightened stress response, which could explain why FCM concentrations often remained high or increased even more, although ambient temperatures did not increase further, rather than correlating in a linear manner with temperature changes.

Another explanation for the increased FCM values could be that during the summer months the horses were kept in the paddocks overnight. This assumption is in accordance with a study showing significantly higher hair cortisol concentrations in horses that were kept in paddocks overnight compared to horses from the same stable kept indoors (52). Spending the night on the paddock could interfere with the sleep quality of the animals, especially when considering that horses are flight animals. Horses bedded on straw spent more hours in recumbency than individuals with other beddings (53). In our study the horses were kept in straw bedded boxes, but when left in the paddocks overnight during summer, no bedding was provided, although they had access to shelters with two closed sides and a roof. This, in combination with contact to wildlife, which may have occurred during the night, could be a contributing factor to elevated FCM levels in these months. This notion is supported by the observation that FCM levels returned to the observed baseline values almost immediately after resuming the daily routine of keeping the horses in the stable at night and turning them out in the afternoon in September. Although the sleep routine of the animals was not assessed in this study, the comparison of the paddock groups showed that horses turned out in the paddock closest to the stable and farthest from the woods had significantly lower FCM values than those in other groups, further underlining the prior assumption. In contrast, the paddock for the group including mostly the Ponies is located closest to the edge of the adjoining forest. Interestingly, one of the Icelandic horses that was turned out on another, smaller paddock closer to the stable, showed stable FCM values throughout the whole year and did not contribute to the overall significantly higher FCM levels in this group compared to other breeds. These findings suggest that the paddock location, and thus potential contact with wildlife, may have a greater impact on the animals' stress response than breed. However, when considering the paddock placement of the Western horses, we observed that two warm-blooded horses housed in the same paddock together with five out of six Western horses had stable and lower FCM levels compared to the Western horses. This suggests that in this case breed may have a stronger influence. Given the combination of these two factors (breed and potential contact with wildlife), and the small number of animals in each subgroup, particularly for Ponies and Western horses, it is difficult to establish a clear causal link between either factor and the higher FCM levels in our study. It is also important to note that all animals in this study were from the same herd, which introduces the potential for pseudoreplication. Future studies should aim to include horses from several herds to mitigate this issue and strengthen the robustness of the findings.

Our data also unveiled other stressors triggering the activation of the HPA. A riding exam, which took place at the same site where the horses were housed, appeared to have had an impact on the stress response of the animals, since FCM values increased 24 h after this event. Although FCM levels did not increase in all of the participating horses, the median FCM values before and after the event differed significantly. One reason to explain this could be the different levels of experience and riding ability of the participating equestrians. Wolframm and Micklewright (54) highlighted the significance of varying levels of pre-competitive arousal, revealing that riders who interpret their arousal in a more positive way tend to perform better. Given that the relationship between horse and rider relies heavily on non-verbal communication, any signs of anxiety from the rider could be perceived as a threat by the horse, potentially triggering a flight response. It was also demonstrated that elite equestrians, in contrast to non-elite riders, experience lower levels of somatic arousal and higher levels of self-confidence, which allows them to communicate more effectively with their horses (55). To better assess this topic, further research considering the riders' stress level during the event is warranted. Furthermore, it must be noted that the regulation of the HPA is complex and increased FCM levels may not have one single cause.

Pathological events and pain trigger the activation of the HPA to help restore the body's homeostasis (6). Therefore, increased FCM levels may be indicative of disease. A study that examined plasma cortisol levels in horses over a 24-h period revealed that cortisol levels in horses undergoing emergency surgery for acute gastrointestinal disease significantly increased (10). Merl et al. (9) measured FCM concentrations in stallions before and after castration and found significantly higher values 2 days after the procedure. This suggests that painful experiences result in elevated FCM concentrations in horses. Our investigations revealed that the FCM values in horses at the time of disease were significantly increased compared to those recorded 2 weeks before or after. However, not all horses had elevated FCM concentrations during this period. This variation may be attributed to the severity of the disease and the individual horse's perception of pain. When categorizing diseases based on their etiology, it was obvious that painful events such as traumatic injuries had a greater impact on FCM levels than orthopedic or gastrointestinal conditions. As also shown in other studies (10, 17), this may be attributed to the intensity of pain experienced by the horse. Assessing a pain scale or the heart rate (variability) of the horses could have further supported this interpretation but was unfortunately not feasible in our study. These findings suggest that while some painful events may be reflected in elevated FCM values, FCMs are not a consistently reliable indicator for disease detection in general.



5 Conclusion

In conclusion, our study demonstrates that FCM concentrations correlated significantly with ambient temperatures, indicating that heat stress in horses was reflected in these measurements. Specifically, Ponies, Western horses, and light-coated horses appeared to be more susceptible to heat stress, as evidenced by elevated FCM levels. Additionally, factors such as insect infestations and changes in housing conditions—particularly alterations in the animals' sleeping routines—may impact FCM values, further highlighting the complexity of HPA responses in horses. Stressful events, such as riding exams, also increased FCM levels. While some pathological processes influenced FCM values, their impact varied based on the severity of the condition, making FCMs a less reliable indicator for prediction of diseases.
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