


Cumulative Occupational Sunlight Exposure Associated with Oxidative Stress, Thyroid Hormone Alterations and Endocrine Dysregulation Among Commercial Motorcycle Riders in A Tropical Setting


ABSTRACT
Commercial motorcycle riders in tropical regions experience prolonged occupational exposure to intense sunlight and heat, which may influence oxidative and endocrine regulation. This study examined the association between cumulative occupational sunlight exposure and oxidative stress, thyroid hormone alterations, and endocrine dysregulation among commercial motorcycle riders in a tropical setting. A comparative cross-sectional design was used to evaluate 100 riders and 50 age-comparable controls. Oxidative stress markers (superoxide dismutase, catalase, malondialdehyde) and endocrine parameters (triiodothyronine, thyroxine, thyroid-stimulating hormone, luteinizing hormone, and prolactin) were measured using standard laboratory methods. Riders exhibited significantly reduced antioxidant enzyme activities and elevated lipid peroxidation compared with controls. Thyroid hormones T3 and T4 were significantly higher among riders, while thyroid-stimulating hormone showed no significant difference. Duration of riding demonstrated strong exposure-dependent associations with oxidative stress markers and thyroid hormone levels, alongside inverse relationships with pituitary hormones. These findings suggest that cumulative occupational sunlight exposure is associated with progressive oxidative stress and endocrine dysregulation, highlighting potential subclinical health risks among outdoor workers in tropical environments.
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INTRODUCTION
Occupational exposure to sunlight is an increasingly important environmental health concern, particularly in tropical regions where outdoor workers experience sustained ultraviolet (UV) radiation and heat throughout the year. In many low- and middle-income countries, informal occupations dominate the labor force, and workers often lack structured occupational health protections (1, 2). Commercial motorcycle riders represent a prominent example of such workers, as their daily activities involve prolonged outdoor mobility with direct exposure to solar radiation, elevated ambient temperatures, and limited opportunities for physiological recovery (3).
Sunlight exposure exerts systemic biological effects beyond its cutaneous impact. Ultraviolet radiation and thermal stress have been shown to increase the generation of reactive oxygen species (ROS), leading to oxidative stress when antioxidant defenses are insufficient. Chronic oxidative stress is characterized by depletion of endogenous antioxidant enzymes, such as superoxide dismutase (SOD) and catalase (CAT), alongside increased lipid peroxidation products such as malondialdehyde (MDA). Recent environmental and occupational studies indicate that repeated exposure to heat and UV radiation may progressively impair redox homeostasis, contributing to cellular injury and altered physiological regulation over time (4, 5).
The endocrine system, particularly thyroid hormone regulation, alterations in circulating thyroid hormone levels may occur even in the absence of overt thyroid pathology, reflecting adaptive or stress-related physiological responses (25) plays a central role in adaptation to environmental stress. Thyroid hormones, triiodothyronine (T3) and thyroxine (T4), govern basal metabolic rate, thermogenesis, and energy expenditure, making them highly responsive to heat and metabolic demand (6). Alterations in circulating thyroid hormone levels may occur as adaptive or maladaptive responses to chronic environmental stress, even in the absence of overt thyroid disease or significant changes in thyroid-stimulating hormone (TSH). Experimental and epidemiological evidence suggests that oxidative stress can influence thyroid hormone synthesis, peripheral conversion, and hormone signaling, thereby linking redox imbalance with endocrine dysregulation (7, 8).
In addition to thyroid hormones, pituitary hormones such as luteinizing hormone (LH) and prolactin are sensitive to prolonged physiological stress. Chronic activation of stress-related neuroendocrine pathways may suppress hypothalamic–pituitary signaling, leading to subtle hormonal alterations that may not immediately manifest as clinical disease. Oxidative stress has been implicated as a mediating mechanism in this process by interfering with hormone receptor function and intracellular signaling cascades (9, 10). These interactions suggest a complex oxidative stress–endocrine axis through which environmental exposures may influence systemic health.
Importantly, cumulative exposure duration is a critical determinant of biological impact. Rather than acute exposure alone, repeated daily exposure to sunlight and heat over months or years may lead to progressive oxidative and endocrine alterations. Duration-based analyses allow detection of exposure–response relationships that may remain obscured in simple group comparisons. However, data examining cumulative occupational sunlight exposure in relation to oxidative stress and thyroid-centered endocrine outcomes among outdoor workers in sub-Saharan Africa remain scarce.
Therefore, this study examined the association between cumulative occupational sunlight exposure and oxidative stress, thyroid hormone alterations, and endocrine dysregulation among commercial motorcycle riders in a tropical setting. By evaluating antioxidant enzyme activity (SOD, CAT), lipid peroxidation (MDA), thyroid hormones (T3, T4, TSH), and selected pituitary hormones in relation to duration of riding, this study aims to provide mechanistic insight into exposure-related physiological adaptations and potential early health risks among chronically exposed outdoor workers.





MATERIALS AND METHODS
Study Design and Study Area
This study adopted a comparative cross-sectional design with an exposure–response analytical approach to evaluate the association between cumulative occupational sunlight exposure and oxidative stress, thyroid hormone alterations, and endocrine dysregulation among commercial motorcycle riders. The study was conducted in Rivers State, located in the Niger Delta region of southern Nigeria. The area is characterized by a tropical climate with persistently high ambient temperatures, high humidity, and substantial year-round solar radiation, making it suitable for assessing the biological effects of chronic occupational sunlight exposure.
Study Population
The study population consisted of adult male commercial motorcycle riders and a control group of adult males with minimal occupational sunlight exposure. One hundred (100) commercial motorcycle riders who were actively engaged in motorcycle riding as their primary occupation were recruited. The control group comprised fifty (50) apparently healthy males engaged predominantly in indoor occupations and not routinely exposed to prolonged outdoor sunlight. Controls were selected to be comparable to riders in terms of age distribution to minimize age-related confounding effects on oxidative and endocrine parameters.
Inclusion and Exclusion Criteria
Eligible participants were males aged 18 years and above. Inclusion criteria for riders included active engagement in commercial motorcycle riding and availability of information on duration of riding. Control participants were required to have no history of sustained outdoor occupational exposure. Participants with self-reported histories of thyroid disorders, cardiovascular disease, diabetes mellitus, chronic inflammatory conditions, or known endocrine disorders were excluded. Individuals currently using antioxidant supplements, hormonal therapy, or medications known to affect oxidative stress or endocrine function were also excluded. Participants with acute illness at the time of sample collection were not included in the study.
Ethical Considerations: 
Given the non-invasive nature of the study and the minimal risk involved, written informed consent was obtained from all participants prior to enrollment. Participants were adequately informed about the study objectives, procedures, potential risks, and their right to withdraw at any time without consequences. Confidentiality and anonymity of all personal and laboratory data were strictly maintained throughout the study in accordance with internationally accepted ethical principles for human research.
Assessment of Occupational Sunlight Exposure
Cumulative occupational sunlight exposure was assessed using duration of motorcycle riding, recorded in years, as a proxy indicator. Information on duration of riding was obtained through structured interviews. Where duration was reported in months or weeks, values were converted into years. Duration of riding was treated as a continuous variable and used to evaluate exposure–response relationships between cumulative sunlight exposure and biochemical parameters.
Blood Sample Collection and Processing
Venous blood samples were collected from participants under aseptic conditions by trained personnel. Blood samples were drawn into appropriate collection tubes for serum and plasma separation. Samples were centrifuged, and the separated serum and plasma were stored under recommended conditions until laboratory analysis. All procedures followed standard laboratory protocols to ensure sample integrity and analytical accuracy.
Laboratory Analyses
Oxidative stress markers, including superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA), were analyzed using validated spectrophotometric methods. Thyroid hormones, thyroid-stimulating hormone (TSH), triiodothyronine (T3), and thyroxine (T4), as well as selected pituitary hormones (luteinizing hormone and prolactin) were quantified using enzyme-linked immunosorbent assay (ELISA) techniques. Laboratory analyses were performed using ELISA analyzers, ABIO analyzers, and spectrophotometers, strictly following manufacturers’ instructions. Internal quality-control procedures were applied throughout the analytical process to ensure reliability and reproducibility of results.
Statistical Analysis
Data were entered into Microsoft Excel and analyzed using the Statistical Package for the Social Sciences (SPSS). The distribution of continuous variables was assessed using the Shapiro–Wilk test. Because most variables showed non-normal distributions, results were summarized as median and interquartile range (IQR). Comparisons between motorcycle riders and controls were performed using the Mann–Whitney U test. Associations between duration of motorcycle riding and oxidative stress and endocrine parameters among riders were assessed using Spearman’s rank correlation coefficient. All statistical tests were two-tailed, and statistical significance was set at p < 0.05.


RESULTS
A total of 150 male participants were included in this analysis, comprising 100 commercial motorcycle riders and 50 age-comparable controls. Among riders, the duration of motorcycle riding varied widely, indicating heterogeneous cumulative occupational sunlight exposure within the study population. This variability provided a suitable basis for evaluating exposure–response relationships between riding duration and oxidative stress and endocrine parameters.
Comparative analysis revealed marked differences in oxidative stress profiles between commercial motorcycle riders and controls. Riders demonstrated significantly lower antioxidant enzyme activities, with reduced levels of superoxide dismutase (SOD) and catalase (CAT), alongside significantly higher malondialdehyde (MDA) concentrations, indicating increased lipid peroxidation. These findings reflect an imbalance between oxidative burden and antioxidant defense among riders.
Exposure–response analysis showed that duration of motorcycle riding was significantly and inversely correlated with antioxidant enzyme activity. Riding duration demonstrated a moderate negative correlation with SOD and a strong negative correlation with CAT. In contrast, MDA exhibited a strong positive correlation with riding duration, indicating progressive lipid peroxidation with increasing cumulative occupational sunlight exposure.
Assessment of thyroid function revealed significant alterations in circulating thyroid hormone levels among riders. Median concentrations of triiodothyronine (T3) and thyroxine (T4) were significantly higher in riders compared with controls, while thyroid-stimulating hormone (TSH) did not differ significantly between groups. This pattern suggests peripheral thyroid hormone modulation rather than overt central thyroid axis dysfunction.
Correlation analysis further demonstrated significant positive associations between duration of motorcycle riding and both T3 and T4 levels. TSH showed no significant correlation with riding duration. These findings indicate that cumulative occupational sunlight exposure is associated with progressive increases in peripheral thyroid hormone levels independent of TSH-mediated regulation.
Evaluation of pituitary hormones revealed selective endocrine alterations among riders. Luteinizing hormone (LH) and prolactin concentrations were significantly lower in riders compared with controls. Duration of riding exhibited significant inverse correlations with both LH and prolactin levels, suggesting suppression of pituitary hormone output with increasing cumulative exposure. No evidence of exposure-related amplification of pituitary hormones was observed.
Taken together, the results demonstrate a consistent exposure-dependent pattern linking cumulative occupational sunlight exposure with oxidative stress and endocrine dysregulation. Progressive depletion of antioxidant defenses and increasing lipid peroxidation were accompanied by thyroid hormone elevation and pituitary hormone suppression as riding duration increased. These findings support a duration-dependent biological response to chronic occupational sunlight exposure, highlighting oxidative stress as a central feature associated with endocrine modulation among commercial motorcycle riders.

	Table 1. Oxidative stress markers among commercial motorcycle riders and controls

	Parameter
	Riders (n = 100) Median (IQR)
	Controls (n = 50) Median (IQR)
	Test statistic
	p-value

	SOD (U/mg protein)
	3.9 (1.8–7.6)
	9.8 (6.4–14.2)
	Mann–Whitney U
	<0.001

	CAT (U/mg protein)
	6.7 (4.0–12.6)
	56.4 (45.2–70.6)
	Mann–Whitney U
	<0.001

	MDA (U/mg protein)
	10.3 (4.5–18.2)
	5.2 (2.9–10.2)
	Mann–Whitney U
	<0.001


Values are presented as median and interquartile range (IQR). SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde. Oxidative stress markers were measured using validated spectrophotometric methods. Comparisons between commercial motorcycle riders and controls were performed using the Mann–Whitney U test due to non-normal distribution of variables. A p-value < 0.05 was considered statistically significant.

Table 2. Thyroid hormone levels among commercial motorcycle riders and controls
	Parameter
	Riders (n = 100) Median (IQR)
	Controls (n = 50) Median (IQR)
	Test statistic
	p-value

	TSH (nmol/L)
	57 (44–96)
	67 (56–88)
	Mann–Whitney U
	0.192

	T3 (ng/dL)
	188 (87–302)
	99 (75–150)
	Mann–Whitney U
	<0.001

	T4 (µg/dL)
	10.3 (6.7–18.3)
	5.9 (3.4–10.4)
	Mann–Whitney U
	<0.001


Values are presented as median and interquartile range (IQR). TSH, thyroid-stimulating hormone; T3, triiodothyronine; T4, thyroxine. Thyroid hormone levels were quantified using enzyme-linked immunosorbent assay (ELISA) methods following manufacturers’ instructions. Group comparisons were performed using the Mann–Whitney U test due to non-normal data distribution. Statistical significance was defined as p < 0.05.

Table 3. Pituitary hormone levels among commercial motorcycle riders and controls
	Parameter
	Riders (n = 100) Median (IQR)
	Controls (n = 50) Median (IQR)
	Test statistic
	p-value

	LH (mIU/mL)
	2.1 (1.2–4.8)
	3.0 (2.0–6.6)
	Mann–Whitney U
	0.041

	Prolactin (ng/mL)
	2.1 (0.7–4.4)
	3.2 (1.0–7.1)
	Mann–Whitney U
	0.033



Values are presented as median and interquartile range (IQR). LH, luteinizing hormone. Pituitary hormone concentrations were measured using enzyme-linked immunosorbent assay (ELISA) techniques according to manufacturers’ protocols. Comparisons between commercial motorcycle riders and controls were performed using the Mann–Whitney U test due to non-normal data distribution. A p-value < 0.05 was considered statistically significant.

Table 4. Spearman correlation between duration of motorcycle riding and oxidative stress and endocrine parameters among riders
	Parameter
	Spearman’s ρ
	p-value
	Direction

	SOD
	−0.46
	<0.001
	Moderate negative

	CAT
	−0.62
	<0.001
	Strong negative

	MDA
	0.58
	<0.001
	Strong positive

	T3
	0.38
	<0.001
	Moderate positive

	T4
	0.35
	<0.001
	Moderate positive

	TSH
	−0.06
	0.542
	Not significant

	LH
	−0.24
	0.017
	Weak negative

	Prolactin
	−0.26
	0.009
	Weak negative



Spearman’s rank correlation coefficient (ρ) was used to assess the association between duration of motorcycle riding (years) and oxidative stress and endocrine parameters among riders (n = 100). SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone; LH, luteinizing hormone. Correlation strength was interpreted as weak (|ρ| = 0.10–0.29), moderate (|ρ| = 0.30–0.49), and strong (|ρ| ≥ 0.50). A p-value < 0.05 was considered statistically significant.





DISCUSSION
This study examined the association between cumulative occupational sunlight exposure and oxidative stress, thyroid hormone alterations, and endocrine dysregulation among commercial motorcycle riders in a tropical setting. By focusing on duration of exposure rather than occupational status alone, the findings provide evidence of progressive, exposure-dependent biological changes that may precede overt clinical disease. The results demonstrate a consistent pattern in which prolonged outdoor occupational exposure is associated with increased oxidative stress, altered peripheral thyroid hormone levels, and selective suppression of pituitary hormones, consistent with emerging occupational and environmental health literature (11, 12).
The most pronounced findings were observed in oxidative stress markers. Riders exhibited significantly reduced activities of the antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT), alongside markedly elevated malondialdehyde (MDA) concentrations. Furthermore, the duration of motorcycle riding showed strong inverse correlations with SOD and CAT and a strong positive correlation with MDA. These findings indicate a cumulative depletion of antioxidant defenses and progressive lipid peroxidation with increasing occupational exposure. Chronic exposure to ultraviolet radiation and heat is known to enhance reactive oxygen species generation, and repeated exposure without adequate recovery may overwhelm endogenous antioxidant systems, resulting in sustained oxidative imbalance (13). This oxidative burden is biologically relevant, as it can disrupt cellular signaling, membrane integrity, and hormonal regulation (14).
Alterations in thyroid hormone levels constituted a key endocrine finding of this study. Riders demonstrated significantly higher circulating triiodothyronine (T3) and thyroxine (T4) levels compared with controls, while thyroid-stimulating hormone (TSH) did not differ significantly between groups and showed no association with exposure duration. This dissociation suggests that cumulative sunlight exposure may influence peripheral thyroid hormone metabolism rather than inducing a primary central thyroid axis disturbance. Increased T3 and T4 levels in the absence of TSH elevation may reflect adaptive metabolic responses to sustained heat exposure, as thyroid hormones play a critical role in thermogenesis, energy expenditure, and heat dissipation (15, 16). Alternatively, oxidative stress may alter deiodinase activity or hormone clearance, resulting in elevated peripheral hormone levels without corresponding changes in pituitary feedback (17).
The observed associations between exposure duration and thyroid hormones further support a cumulative biological effect. Positive correlations between riding duration and both T3 and T4 indicate that prolonged occupational exposure may progressively modulate thyroid hormone dynamics. Such alterations may initially serve adaptive functions but could contribute to endocrine dysregulation if sustained over long periods. Importantly, these changes occurred in a population without known thyroid disease, highlighting the potential for environmental exposures to influence endocrine physiology before clinical thresholds are reached (18).
In addition to thyroid hormones, pituitary hormones exhibited selective suppression among riders. Luteinizing hormone (LH) and prolactin levels were significantly lower in riders compared with controls, with inverse correlations observed between these hormones and duration of riding. Chronic environmental stress is known to suppress hypothalamic–pituitary signaling through sustained activation of stress-responsive neuroendocrine pathways (19). Oxidative stress may further exacerbate this effect by impairing hormone synthesis, receptor sensitivity, and intracellular signaling (20). The preservation of thyroid-stimulating hormone levels alongside suppression of LH and prolactin suggests differential sensitivity of pituitary axes to chronic environmental stress, with reproductive and lactotropic pathways potentially more vulnerable than the thyroid axis (21, 22).
Taken together, the findings support an integrated oxidative stress–endocrine axis through which cumulative occupational sunlight exposure may exert systemic biological effects. Progressive oxidative stress appears to be a central feature associated with both thyroid hormone alterations and pituitary hormone suppression. These exposure-dependent changes may represent early adaptive or maladaptive responses that precede clinically overt endocrine or metabolic disorders. From an occupational health perspective, this is particularly relevant for informal outdoor workers, who often lack routine health surveillance and protective interventions (23).
This study has limitations that should be acknowledged. Its cross-sectional design precludes causal inference, and direct measurements of ultraviolet radiation or heat exposure were not available. Duration of motorcycle riding was used as a proxy for cumulative exposure, which, while practical and commonly applied in occupational studies, may not fully capture individual variability in exposure intensity (24). Additionally, potential confounders such as dietary antioxidant intake, hydration status, and lifestyle factors were not formally quantified. Nonetheless, the consistent exposure–response relationships observed across multiple oxidative and endocrine markers strengthen the biological plausibility of the findings.
In summary, cumulative occupational sunlight exposure among commercial motorcycle riders is associated with pronounced oxidative stress, altered thyroid hormone levels, and selective endocrine dysregulation. These findings underscore the importance of considering duration-dependent environmental exposure in occupational health research and highlight oxidative stress as a plausible mechanistic link between chronic sunlight exposure and endocrine modulation in tropical outdoor workers.

CONCLUSION
This study demonstrates that cumulative occupational sunlight exposure among commercial motorcycle riders in a tropical setting is associated with pronounced oxidative stress, thyroid hormone alterations, and selective endocrine dysregulation. Progressive depletion of antioxidant defenses, evidenced by reduced superoxide dismutase and catalase activities alongside increased lipid peroxidation, was strongly linked to longer duration of occupational exposure. Concurrently, elevated peripheral thyroid hormones in the absence of significant changes in thyroid-stimulating hormone suggest adaptive or stress-related modulation of thyroid hormone metabolism rather than overt central thyroid axis dysfunction. The observed suppression of pituitary hormones, particularly luteinizing hormone and prolactin, further indicates sensitivity of hypothalamic–pituitary pathways to chronic environmental stress. Collectively, these findings support an integrated oxidative stress–endocrine axis through which prolonged occupational sunlight exposure may exert early, subclinical biological effects. Recognition of duration-dependent exposure as a key determinant of risk underscores the need for targeted occupational health strategies for outdoor workers in tropical environments.
RECOMMENDATIONS
Based on these findings, occupational health interventions for commercial motorcycle riders should prioritize mitigation of cumulative sunlight exposure and its biological consequences. Practical measures such as structured rest periods, adequate hydration, and the use of protective clothing or sun-shielding equipment should be encouraged to reduce oxidative burden. Periodic health monitoring focusing on oxidative stress markers and thyroid-related endocrine parameters is recommended, particularly for individuals with longer exposure durations, to enable early identification of subclinical alterations. Health education programs should be implemented to improve awareness of the potential endocrine and oxidative effects of prolonged sunlight exposure and promote preventive behaviors among riders. At a policy level, occupational health frameworks should explicitly recognize chronic outdoor sunlight exposure as a multisystem risk and incorporate protective guidelines for informal outdoor workers. Finally, future research should employ longitudinal designs and direct measurements of ultraviolet and thermal exposure to clarify causal pathways and evaluate the effectiveness of targeted preventive interventions.
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