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Abstract

The contemporary industrial landscape is increasingly characterized by reduced physical
exertion, leading to the prevalence of occupational hypokinesia. This study investigates the
longitudinal impact of restricted motor activity on the fundamental physiological systems of
industrial personnel. Utilizing a cohort of $180$ workers stratified by professional tenure, we
analyzed the progression of cardiovascular, respiratory, metabolic, and musculoskeletal
dysfunctions. Results indicate a statistically significant ($p < 0.05$) correlation between the
duration of sedentary exposure and the severity of autonomic imbalance and metabolic syndrome.
These findings underscore the necessity for integrating reflex-preventive modeling and proactive
ergonomic interventions to mitigate the deleterious effects of chronic hypodynamic stress.
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Dysfunction, Metabolic Syndrome, Industrial Hygiene, Ergonomic Modeling.

1.Introduction

Hypokinesia, defined as a sustained reduction in the volume and intensity of motor activity, is
recognized as one of the most significant pathogenic factors contributing to the development of
functional and structural disorders in the human body. Under physiological conditions, regular
muscular activity is essential for maintaining metabolic homeostasis, neurohumoral balance,
adequate tissue perfusion, and optimal functioning of the cardiovascular, respiratory,
musculoskeletal, and nervous systems. Skeletal muscles perform not only a biomechanical role but
also act as an endocrine organ, producing myokines that regulate inflammatory responses, insulin
sensitivity, lipid metabolism, and vascular tone. Consequently, prolonged restriction of movement
leads to a complex cascade of adaptive and subsequently maladaptive reactions collectively
described as the “disuse syndrome.”

The pathophysiological consequences of hypokinesia are multisystemic in nature. Reduced
muscular contractions impair venous return and microcirculation, resulting in decreased oxygen
delivery to tissues and diminished aerobic capacity. Energy expenditure declines substantially,
favoring positive energy balance, adipose tissue accumulation, and the development of insulin
resistance. These changes are accompanied by alterations in lipid metabolism, endothelial
dysfunction, autonomic nervous system imbalance, and chronic low-grade inflammation. At the
musculoskeletal level, prolonged inactivity contributes to muscle atrophy, reduced strength and
endurance, deterioration of posture, and increased prevalence of neck and lower back pain.
Neuropsychological manifestations—including chronic fatigue, decreased concentration, emotional
instability, and sleep disturbances—further exacerbate the adverse effects of reduced physical
activity.
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In modern industrial settings, technological progress has transformed the nature of labor.
Automation, computerized control systems, and digital monitoring have substantially reduced the
need for manual physical effort while increasing the duration of sedentary work. Operators,
dispatchers, laboratory technicians, quality control specialists, and administrative personnel often
remain seated for extended periods while performing visually intensive and cognitively demanding
tasks. Such occupational conditions create a state of chronic hypokinesia that may act as an
independent occupational risk factor, even in the absence of exposure to hazardous chemicals,
excessive noise, vibration, or ionizing radiation. This issue is of particular relevance in labor
hygiene and occupational medicine because the resulting health disorders develop gradually and
may remain clinically latent for many years.

A growing body of epidemiological and clinical evidence demonstrates that prolonged
occupational inactivity is associated with increased incidence of arterial hypertension, coronary
heart disease, obesity, metabolic syndrome, type 2 diabetes, chronic musculoskeletal pain, and
psychosomatic disorders. The severity of these changes appears to depend on age, sex, baseline
physical fitness, nutritional status, and, importantly, the duration of occupational exposure to
hypokinetic conditions. Workers with longer employment histories tend to exhibit more
pronounced functional impairment, suggesting a cumulative effect of restricted motor activity on
body systems.

Despite extensive research on sedentary behavior in the general population, relatively few
studies have comprehensively assessed the dynamics of pathophysiological changes across multiple
organ systems among industrial workers exposed to occupational hypokinesia. Existing
publications often focus on isolated outcomes, such as cardiovascular risk or musculoskeletal
complaints, without considering the integrated nature of systemic dysfunction. Moreover, data from
industrial enterprises in developing and transitional economies remain limited, although
occupational conditions and preventive infrastructure may differ substantially from those reported
in highly industrialized countries.

The present study was undertaken to investigate the dynamics of pathophysiological alterations
in major body systems among workers employed under conditions of prolonged occupational
hypokinesia. Particular attention was given to cardiovascular, respiratory, musculoskeletal,
metabolic, and neuropsychological parameters, as well as to the relationship between these
indicators and length of service. By identifying the progression and interdependence of functional
disturbances, this study aims to provide a scientific basis for improving occupational health
surveillance and developing targeted preventive measures designed to preserve the health and
working capacity of industrial personnel.

2. Materials and Methods

This cross-sectional analytical study was conducted at a large industrial enterprise to assess
pathophysiological changes in workers exposed to prolonged occupational hypokinesia. A total of
180 employees aged 25–60 years were enrolled. Participants were divided into three groups
according to length of service: Tier I (1–5 years), Tier II (6–10 years), and Tier III (>10 years).
Workers with severe chronic cardiovascular, endocrine, or respiratory diseases were excluded.
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All participants underwent clinical, functional, and laboratory examinations. Anthropometric
measurements included body mass index and waist circumference. Cardiovascular assessment
consisted of resting blood pressure measurement and heart rate variability analysis. Pulmonary
function was evaluated by spirometry, including forced vital capacity and peak expiratory flow.
Musculoskeletal status was assessed using handgrip dynamometry and questionnaires on neck and
back pain. Fasting blood samples were analyzed for glucose, total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides. Fatigue, sleep quality, and
stress were evaluated using standardized questionnaires.

Statistical analysis was performed using IBM SPSS Statistics. Data are presented as mean ±
standard error. Differences between groups were analyzed using one-way ANOVA, and Pearson
correlation analysis was used to determine relationships between length of service and
physiological indicators. Statistical significance was accepted at p < 0.05.

The study was approved by the institutional ethics committee, and written informed consent
was obtained from all participants.

3. Results

A comparative analysis of clinical, functional, and biochemical indicators demonstrated a clear
tendency toward progressive deterioration in physiological status with increasing duration of work
under conditions of occupational hypokinesia. Workers with more than 10 years of employment
exhibited the most pronounced deviations in cardiovascular, respiratory, metabolic, and
musculoskeletal parameters, indicating the cumulative adverse effects of prolonged sedentary labor.

Table 1. Dynamics of Physiological Parameters in Workers Exposed to Occupational
Hypokinesia

Indicator Tier I (1–5
years)

Tier II (6–10
years)

Tier III (>10
years)

p-
value

Systolic blood pressure, mmHg 118 ± 4 126 ± 6 138 ± 8 <0.01

Diastolic blood pressure, mmHg 76 ± 3 82 ± 4 89 ± 5 <0.01

Heart rate variability disorder, % 12.0 28.0 54.0 <0.001

Forced vital capacity, % of
predicted 96.0 91.0 84.0 <0.05

Peak expiratory flow, % of
predicted 98.0 93.0 86.0 <0.05

Body mass index, kg/m² 24.1 ± 1.8 26.7 ± 2.2 29.4 ± 2.8 <0.01

LDL cholesterol, mg/dL 105 ± 12 128 ± 15 155 ± 18 <0.01
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Triglycerides, mg/dL 118 ± 20 146 ± 24 192 ± 31 <0.01

Fasting glucose, mg/dL 88 ± 6 97 ± 8 109 ± 11 <0.01

Chronic musculoskeletal pain, % 21.0 43.0 68.0 <0.001

Sleep disturbances, % 18.0 34.0 57.0 <0.001

The findings presented in Table 1 indicate statistically significant worsening of nearly all
studied parameters as the duration of employment increased. The most substantial changes were
observed in indicators of cardiovascular regulation, lipid metabolism, and musculoskeletal health.

3.1. Cardiovascular and Autonomic Changes

Resting systolic blood pressure increased progressively from 118 ± 4 mmHg in Tier I workers
to 138 ± 8 mmHg in Tier III workers (p < 0.01). A similar pattern was observed for diastolic blood
pressure, which rose from 76 ± 3 mmHg to 89 ± 5 mmHg. These changes indicate a gradual
increase in peripheral vascular resistance and suggest the development of early hypertensive
alterations.

Heart rate variability analysis demonstrated a marked increase in the prevalence of autonomic
imbalance with increasing length of service. Signs of sympathetic predominance were identified in
12.0% of workers with 1–5 years of experience, 28.0% of workers with 6–10 years of service, and
54.0% of workers employed for more than 10 years (p < 0.001). This shift toward sympathetic
dominance reflects chronic neurohumoral stress and reduced adaptive capacity of the
cardiovascular system.

Table 2. Correlation Between Length of Service and Selected Indicators

Indicator Pearson r p-value

Systolic blood pressure 0.62 <0.001

Body mass index 0.58 <0.001

LDL cholesterol 0.65 <0.001

Fasting glucose 0.49 <0.01

Forced vital capacity -0.44 <0.01

Musculoskeletal pain score 0.71 <0.001

Correlation analysis confirmed significant positive associations between length of employment
and systolic blood pressure, body mass index, LDL cholesterol, and pain severity. Conversely,
forced vital capacity was negatively correlated with years of service, indicating declining
respiratory performance over time.
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3.2. Respiratory Function

Spirometric examination revealed a gradual reduction in pulmonary function indices. Forced
vital capacity decreased from 96.0% of predicted values in Tier I to 84.0% in Tier III (p < 0.05).
Peak expiratory flow showed a comparable decline. Although these changes remained within
clinically acceptable ranges for many workers, they suggest reduced ventilatory reserve and
diminished respiratory efficiency associated with long-term physical inactivity.

3.3. Metabolic Alterations

Metabolic indicators worsened significantly with increasing occupational exposure. Mean
body mass index increased from 24.1 ± 1.8 kg/m² in Tier I to 29.4 ± 2.8 kg/m² in Tier III (p < 0.01),
approaching the threshold for obesity. LDL cholesterol rose from 105 ± 12 mg/dL to 155 ± 18
mg/dL, while triglycerides increased from 118 ± 20 mg/dL to 192 ± 31 mg/dL. Fasting plasma
glucose also increased significantly, reaching 109 ± 11 mg/dL in workers with more than 10 years
of service.

These findings indicate progressive development of dyslipidemia and impaired carbohydrate
metabolism, suggesting a high risk for insulin resistance and metabolic syndrome in workers
exposed to chronic occupational hypokinesia.

3.4. Musculoskeletal Outcomes

The prevalence of chronic neck, shoulder, and lower back pain increased substantially across
the study groups. Only 21.0% of Tier I workers reported persistent musculoskeletal complaints,
compared with 43.0% in Tier II and 68.0% in Tier III (p < 0.001). Postural assessment revealed
forward head posture, thoracic kyphosis, and lumbar muscle tension in a majority of long-term
employees.

Handgrip dynamometry showed a modest but consistent reduction in muscular strength in
workers with longer service, indicating decreased functional capacity of the musculoskeletal system.

3.5. Neuropsychological Status

Standardized questionnaires demonstrated increasing prevalence of fatigue, sleep disturbances,
and reduced concentration with greater employment duration. Sleep disturbances were reported by
18.0% of Tier I workers, 34.0% of Tier II workers, and 57.0% of Tier III workers (p < 0.001).
Workers in the extended tenure group also reported higher stress scores and lower subjective work
capacity.

3.6. Summary of Main Findings

Workers employed for more than 10 years under conditions of occupational hypokinesia
exhibited the most pronounced pathophysiological alterations. Compared with employees in the
early-career group, they demonstrated:
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 A 16.9% increase in systolic blood pressure;
 A 12.5% reduction in forced vital capacity;
 A 47.6% increase in LDL cholesterol;
 A 4.5-fold increase in autonomic imbalance;
 More than a threefold increase in chronic musculoskeletal pain prevalence.

Overall, the results indicate that occupational hypokinesia contributes to progressive
multisystem dysfunction involving cardiovascular, respiratory, metabolic, musculoskeletal, and
neuropsychological domains. The severity of these disturbances increases significantly with length
of service, emphasizing the cumulative nature of sedentary occupational exposure.

4. Discussion

The findings validate the hypothesis that occupational hypokinesia induces a multisystemic
"pathophysiological cascade." The reduction in the "muscle pump" effect leads to central venous
congestion and a compensatory increase in total peripheral resistance, effectively explaining the
observed rise in arterial pressure.

Furthermore, the integration of Reflex-Preventive Modeling Technology (RPMT) is
proposed as a vital countermeasure. By utilizing algorithmic models to predict physiological
"breakdown points," industrial hygienists can implement targeted interventions before subclinical
changes transition into irreversible chronic pathology. Comparison with international literature
suggests that while automation increases production efficiency, it simultaneously elevates the
"human cost" if not mitigated by proactive ergonomic design.

5. Conclusion

1. Linear Progression: There exists a direct, linear correlation between years of occupational
hypokinesia and the severity of systemic physiological decline.

2. Critical Thresholds: The ten-year mark ($> 10$ years) serves as a critical threshold where
metabolic and cardiovascular risks increase exponentially.

3. Proactive Hygiene: Traditional safety protocols must be expanded to include dynamic
movement breaks and algorithmic monitoring of worker health.

4. Scientific Implication: Future research should focus on the efficacy of reflex-preventive
modeling in reducing the incidence of cardiovascular incidents among sedentary industrial cohorts.

References

1. Booth, F. W., Roberts, C. K., & Laye, M. J. Lack of exercise is a major cause of chronic
diseases. Comprehensive Physiology. 2017;7(4):1143–1211.

2. Lavie, C. J., Ozemek, C., Carbone, S., Katzmarzyk, P. T., & Blair, S. N. Sedentary behavior,
exercise, and cardiovascular health. Circulation Research. 2019;124(5):799–815.

3. International Labour Organization. Global trends in occupational health and ergonomics.
Geneva: ILO; 2023.

4. Smith, L., Hamer, M., & Biddle, S. J. H. The impact of sedentary work on musculoskeletal
health. Journal of Occupational Health. 2020;62(1):e12118.

http://www.bgpulseusa.com/index.php/bg


ISSN:1947-2536

BG Pulse Journal USA

375

http://www.bgpulseusa.com/index.php/bg

Vol. 2 No. 5 (2026)

5. World Health Organization. Guidelines on physical activity and sedentary behaviour. Geneva:
WHO; 2024.

6. Katzmarzyk, P. T., Powell, K. E., Jakicic, J. M., Troiano, R. P., Piercy, K., & Tennant, B.
Sedentary behavior and health: update from the 2018 Physical Activity Guidelines Advisory
Committee. Medicine & Science in Sports & Exercise. 2019;51(6):1227–1241.

7. Hamilton, M. T., Hamilton, D. G., & Zderic, T. W. Role of low energy expenditure and sitting
in obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease. Diabetes.
2007;56(11):2655–2667.

8. Owen, N., Healy, G. N., Matthews, C. E., & Dunstan, D. W. Too much sitting: the population
health science of sedentary behavior. Exercise and Sport Sciences Reviews. 2010;38(3):105–
113.

9. Tremblay, M. S., Aubert, S., Barnes, J. D., et al. Sedentary Behavior Research Network
terminology consensus project process and outcome. International Journal of Behavioral
Nutrition and Physical Activity. 2017;14:75.

10. Biswas, A., Oh, P. I., Faulkner, G. E., et al. Sedentary time and its association with risk for
disease incidence, mortality, and hospitalization. Annals of Internal Medicine.
2015;162(2):123–132.

11. Diaz, K. M., & Shimbo, D. Physical activity and the prevention of hypertension. Current
Hypertension Reports. 2013;15(6):659–668.

12. Ekelund, U., Steene-Johannessen, J., Brown, W. J., et al. Does physical activity attenuate the
detrimental association of sitting time with mortality? The Lancet. 2016;388(10051):1302–
1310.

13. Warburton, D. E. R., & Bredin, S. S. D. Health benefits of physical activity. Current Opinion
in Cardiology. 2017;32(5):541–556.

14. Pedersen, B. K., & Saltin, B. Exercise as medicine. Scandinavian Journal of Medicine &
Science in Sports. 2015;25(Suppl 3):1–72.

15. Booth, F. W., Roberts, C. K., Thyfault, J. P., Ruegsegger, G. N., & Toedebusch, R. G. Role of
inactivity in chronic diseases. Journal of Applied Physiology. 2017;122(6):1453–1460.

16. Dunstan, D. W., Howard, B., Healy, G. N., & Owen, N. Too much sitting – a health hazard.
Diabetes Research and Clinical Practice. 2012;97(3):368–376.

17. Healy, G. N., Matthews, C. E., Dunstan, D. W., Winkler, E. A. H., & Owen, N. Sedentary time
and cardio-metabolic biomarkers. European Heart Journal. 2011;32(5):590–597.

18. Thorp, A. A., Owen, N., Neuhaus, M., & Dunstan, D. W. Sedentary behaviors and subsequent
health outcomes. American Journal of Preventive Medicine. 2011;41(2):207–215.

19. Proper, K. I., Singh, A. S., van Mechelen, W., & Chinapaw, M. J. M. Sedentary behaviors and
health outcomes among adults. American Journal of Preventive Medicine. 2011;40(2):174–182.

20. Church, T. S., Thomas, D. M., Tudor-Locke, C., et al. Trends over five decades in
occupational physical activity. PLoS ONE. 2011;6(5):e19657.

21. Straker, L., Mathiassen, S. E., & Holtermann, A. The “Goldilocks Principle” for designing
productive and healthy work. Scandinavian Journal of Work, Environment & Health.
2018;44(3):213–215.

22. van der Ploeg, H. P., Chey, T., Korda, R. J., Banks, E., & Bauman, A. Sitting time and all-
cause mortality risk. Archives of Internal Medicine. 2012;172(6):494–500.

http://www.bgpulseusa.com/index.php/bg


ISSN:1947-2536

BG Pulse Journal USA

376

http://www.bgpulseusa.com/index.php/bg

Vol. 2 No. 5 (2026)

23. Edwardson, C. L., Gorely, T., Davies, M. J., et al. Association of sedentary behavior with
metabolic syndrome. Diabetologia. 2012;55(11):2895–2905.

24. Patterson, R., McNamara, E., Tainio, M., et al. Sedentary behaviour and risk of all-cause and
cardiovascular mortality. European Journal of Epidemiology. 2018;33(9):811–829.

25. de Rezende, L. F. M., Rodrigues Lopes, M., Rey-López, J. P., Matsudo, V. K. R., & Luiz, O. C.
Sedentary behavior and health outcomes: overview of systematic reviews. PLoS ONE.
2014;9(8):e105620.

26. Lear, S. A., Hu, W., Rangarajan, S., et al. The effect of physical activity on mortality and
cardiovascular disease worldwide. The Lancet. 2017;390(10113):2643–2654.

27. Lee, I. M., Shiroma, E. J., Lobelo, F., et al. Effect of physical inactivity on major non-
communicable diseases worldwide. The Lancet. 2012;380(9838):219–229.

28. Warburton, D. E. R., Nicol, C. W., & Bredin, S. S. D. Prescribing exercise as preventive
therapy. CMAJ. 2006;174(7):961–974.

29. Holtermann, A., Krause, N., van der Beek, A. J., & Straker, L. The physical activity paradox in
occupational health. British Journal of Sports Medicine. 2018;52(3):149–150.

30. Bull, F. C., Al-Ansari, S. S., Biddle, S., et al. World Health Organization 2020 guidelines on
physical activity and sedentary behaviour. British Journal of Sports Medicine.
2020;54(24):1451–1462.

31. Jasim, S. A., Mohammadi, M. J., Patra, I., Jalil, A. T., Taherian, M., Abdullaeva, U. Y., ... &
Alborzi, M. (2024). The effect of microorganisms (bacteria and fungi) in dust storm on human
health. Reviews on Environmental Health, 39(1), 65-75.

32. Абдукадирова, Л. К., & Абдуллаева, Ў. Я. (2019). Тошкент шаҳри кичик ёшдаги болалар
тарбияланаётган оилаларнинг ижтимоий-гигиеник холатини ўрганиш
натижалари. Интернаука, (5-2), 47-48.

33. Nurmatov, B. K. U., & Abdullaeva, U. Y. (2021). Methods and advantages of modern
spectrometric analysis of powder. ASIAN JOURNAL OF MULTIDIMENSIONAL
RESEARCH, 10(4), 564-567.

34. qizi Fayzullayeva, O. G. B. (2025, December). AESTHETIC FEATURES OF THE USE OF
NATIONAL PATTERNS AND ORNAMENTS IN GRAPHIC ART. In International
Conference Platform (No. 6, pp. 143-146).

35. Yakubovna, A. U. (2024). TASHKENT CITY ATMOSPHERIC AIR QUALITY
INDICATORS ANALYSIS (On the example of Yakkasaroy and Sergeli districts).
INTERNATIONAL JOURNAL OF ADVANCED RESEARCH IN EDUCATION,
TECHNOLOGY AND MANAGEMENT, 3(6), 95-99.

36. Rahmatshoyev M. Hygienic and age-related factors in the development of arterial hypertension
among the elderly. //ActaCAMU.

37. Rahmatshoyev M. The importance of vitamins and minerals for athletes. // Ethiopian
International Journal of Multidisciplinary Research.

38. Rahmatshoyev, M. N. u. (2026). The role of air pollution in the development of cardiovascular
diseases and comprehensive hygienic risk assessment. Ethiopian International Journal of
Multidisciplinary Research, 13(5), 68–73. https://doi.org/10.5281/zenodo.19987837

https://doi.org/10.5281/zenodo.19987837
http://www.bgpulseusa.com/index.php/bg

	DYNAMICS OF PATHOPHYSIOLOGICAL ALTERATIONS IN BODY
	1.Introduction
	2. Materials and Methods
	3. Results
	Table 1. Dynamics of Physiological Parameters in W
	3.1. Cardiovascular and Autonomic Changes
	Table 2. Correlation Between Length of Service and
	3.2. Respiratory Function
	3.3. Metabolic Alterations
	3.4. Musculoskeletal Outcomes
	3.5. Neuropsychological Status
	3.6. Summary of Main Findings
	4. Discussion
	5. Conclusion
	References


