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Abstract: Chronic Kidney Disease (CKD) represents a significant global health burden,
with a complex interplay of factors contributing to its development and progression. This
paper examines the multifaceted nature of CKD, encompassing lifestyle, social,
environmental, and occupational influences. Globally, CKD prevalence is substantial,
with notable regional variations. Established risk factors such as hypertension, acute
kidney injury, and diabetes mellitus are explored, alongside emerging concerns like the
impact of SARS-CoV-2 infection on renal function. A significant focus is placed on
modifiable lifestyle factors, including dietary habits (high sodium and animal protein
intake), smoking, alcohol consumption, and physical activity. Social determinants,
encompassing socioeconomic status, access to healthcare, and environmental conditions,
are also examined, highlighting their crucial role, particularly in vulnerable populations.
The impact of environmental nephrotoxicants, including heavy metals, air pollution, and
PFAS chemicals, is discussed, emphasizing the need for public health interventions.
Furthermore, this paper addresses the specific risks faced by athletes, where high-
intensity training, rapid weight loss practices common in combat sports, high-protein
diets, and the use of performance-enhancing substances can significantly increase the risk
of acute kidney injury and long-term renal damage (gym nephropathy). The paper
concludes by underscoring the need for comprehensive strategies that address the diverse
risk factors for CKD, including targeted interventions for specific populations like
athletes, to mitigate the global burden of this disease.
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Introduction:

A number of conditions affecting the structure and function of the kidney are collectively
referred to as chronic kidney disease (CKD). The highest prevalence of chronic kidney
disease was found in Eastern and Central Europe (12.8%, 11.9-14.1), with a global
median prevalence of 9.5% (Interquartile Range 5.9-11.7) (Bello, A. K., et al., 2024).
Kidney disease is one of the most common health problems, it is associated with extreme
pain and discomfort in patients. Kidney failure can be fatal. Globally, >10% of the general
population is affected by chronic kidney disease (CKD), and millions die. The most recent
available data indicates that CKD is the direct cause of one (1) out of 57 fatal outcomes
and has caused approximately one million fatalities globally, totalling around 800 million
people (Kovesdy C. P., 2022). Chronic kidney disease (CKD) is influenced by a multitude
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of factors, including lifestyle choices, social determinants, environmental influences, and
specific health conditions (Lv, J. C., & Zhang, L. X., 2019; Elshahat, S., et al., 2020;
Wong, G., Bernier-Jean, A., et al. 2024; Francis, A., Harhay, et al. 2024).

The following sections outline some key aspects affecting kidney health:

Factors affecting kidney health include a history of hypertension, acute kidney disease,
renal stones, and anemia (Ameer O. Z., 2022; De Bhailis, A. M., & Kalra, P. A., 2022;
Anand, S., et al. 2025). Additionally, procedures like open kidney surgery and
extracorporeal shock wave lithotripsy can decrease kidney function, increasing the
likelihood of chronic kidney disease (Sabri, N. W., et al., 2022).

The novel coronavirus (SARS-CoV-2) primarily targets the respiratory system but also
significantly impacts the kidneys due to the presence of angiotensin-converting enzyme
type 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) in kidney tissues. The
mechanisms of kidney damage include direct cytopathic effects of the virus on kidney
cells, cytokine storms, damage to the renin-angiotensin-aldosterone system, and
immunothrombosis (Utkina et al., 2023). The study emphasizes the need for further
research to understand these mechanisms and develop effective treatments.

Lifestyle Factors

Lifestyle factors affecting kidney health include diet (high sodium and protein from
animal sources worsen function, while plant-based diets may protect), smoking, excessive
alcohol consumption, and chronic stress, which can all exacerbate kidney disease.
(Anandh, U., et al. 2022;). Smoking and excessive alcohol consumption are significant
contributors to CKD progression (Sahu et al., 2024). High sodium and protein intake,
particularly from animal sources, worsen kidney function, while plant-based diets may
offer protective benefits (Cirillo et al., 2023; Sahu et al., 2024). Factors affecting kidney
function include lifestyle habits such as smoking, which increases the risk of reduced
estimated Glomerular filtration rate (¢GFR), and physical exercise, which is associated
with decreased odds of reduced eGFR in older adults (Chang, H. J., et al., 2020). Regular
exercise improves kidney function, whereas a sedentary lifestyle is linked to decline
(Cirillo, M., et al., 2023; Sahu et al., 2024).

Cirillo et al. (2023) investigates the impact of various modifiable factors on kidney
function over time. The study included 3039 adult participants from the Gubbio study,
who were assessed at baseline and after a 15-year follow-up. The factors analyzed were
physical activity, alcohol intake, protein intake, sodium intake, and potassium intake, with
kidney function measured as estimated glomerular filtration rate (¢GFR). The results were
consistent across various subgroups, including different age groups, genders, and health
statuses (Kuma, A., & Kato, A., 2022; Mallamaci, F., & Tripepi, G., 2024).

Social Determinants

Key factors affecting kidney health include socioeconomic status, housing conditions,
access to healthcare, education, environmental conditions, and legal framework (Zeng,
X., etal. 2018; Quinones, J., & Hammad, Z., 2020; Anandh, U., et al. 2022;). Additionally,
political stability and climate change significantly influence the prevalence and
progression of kidney diseases, particularly in lower-income settings. Factors such as
income, education, and housing conditions significantly impact kidney health, especially
in vulnerable populations (Plantinga L. C., 2013; Zeng, X., et al, 2018). Legal frameworks
ensuring universal healthcare and equitable treatment are vital for effective kidney care
(Anandh et al., 2022).
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Aoun, M., & Chelala, D. (2022) examine the impact of geographic location on the
environment and its potential implications for kidney health. They demonstrate that the
epidemiology of chronic kidney disease (CKD), healthcare accessibility, and outcomes
for CKD patients differ based on their geographical location. Residing at elevated
altitudes has been linked to proteinuria, hypertensive crises, acute kidney injury (AKI),
and the progression of chronic kidney disease (CKD). Exposure to low temperatures
elevates the risk of hypertensive incidents and indirectly impacts renal function, while
exposure to high temperatures heightens the risk of dehydration and acute kidney injury
(AKI). Seasonality and climate change are significant emerging factors that affect kidney
health and exacerbate kidney diseases, including lupus nephritis. The influence of
occupation on the renal health of workers was examined in relation to social, temporal,
and geographical factors. The association of nephrotoxins, infections, and pollutants as
risk factors for the development of kidney disease was well established. A novel form of
occupational kidney disease, referred to as CKD of non-traditional origin (CKDnT), has
been identified in agricultural workers exposed to contaminated water, as observed in Sri
Lanka, or to heat stress and dehydration in Central America. Comparable forms of
occupational kidney disease have been documented in other regions.

Environmental nephrotoxic factors affecting kidney health include metals (like arsenic,
cadmium, lead, mercury, and uranium), air pollution, and exposure to non-metals. These
factors can lead to chronic kidney disease (CKD) and other adverse kidney outcomes.
Exposure to nephrotoxic substances, including heavy metals and air pollutants, is
associated with increased CKD risk (Kikvadze & Gorgadze, 2023). Hot climates
exacerbate kidney disease prevalence, with environmental changes leading to higher rates
of acute kidney injury (Anandh et al., 2022). Factors affecting kidney health include age,
dyslipidemia, diabetes mellitus, uncontrolled blood pressure and blood sugar levels,
excessive salt intake, non-steroidal anti-inflammatory drug use, lack of exercise,
consumption of toxic herbal plants, edema, foamy urine, and nocturia

Exposure to chemical

Exposure to PFAS (perfluoroalkyl or polyfluoroalkyl substances) chemicals in young
adulthood has been associated with poor kidney function and kidney disease (Niu, Z., et
al., 2024). Commonly referred to as "forever chemicals" due to their prolonged
persistence in both the human body and the environment, these substances are extensively
utilized in everyday items such as food packaging, paint, cookware, and stain- and water-
repellent textiles

In recent years, PFAS has emerged as a critical global public health concern, by various
health agencies including the World Health Organization (WHO). Multiple studies have
demonstrated that PFAS can negatively affect human health, studies revealed that those
with increased PFNA exposure exhibited significantly higher uric acid levels (Yang, Z.,
et al., 2023; Niu, Z., et al., 2024), encompassing metabolic disorders (Wen, F., et al.,
2023), neurodevelopmental concerns (Zhou, Y., et al., 2023), cancer (Steenland, K., &
Winquist, A., 2021), reproductive system issues (Rickard, B. P., et al., 2022), and
epigenetic alterations, cardiovascular disease, mental health disorders (Kim, S., et al.,
2021; Brown-Leung, J. M., & Cannon, J. R., 2023; Dunder, L., et al., 2023).
Hydrocarbon exposure has been linked to non-communicable diseases, including CKD,
mostly as an occupational risk. The risk of presenting CKD by the environmental
exposure to hydrocarbons link to kidney disease (Okoye, O. C., & Awunor, N., 2022).
Exposure to environmental chemicals has significant implications for kidney health,
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particularly through mechanisms of nephrotoxicity and chronic kidney disease (CKD).
Various studies highlight the detrimental effects of toxicants such as phthalates, bisphenol
A, and heavy metals on renal function, emphasizing the need for awareness and
preventive strategies.

Common nephrotoxicants include phthalates, microplastics, and bisphenol A, which can
accumulate in the kidneys and lead to inflammation and oxidative stress (Yadav et al.,
2024). Acute high-level exposures, such as lead poisoning, can cause immediate kidney
injury, while chronic low-level exposures are linked to the progression of CKD
(Weidemann, D. K., et al., 2024). Endocrine Disrupting Chemicals (EDCs) like MEHP
have been associated with increased urinary albumin-to-creatinine ratios, indicating renal
impairment (Chen, Chun-Yu., et al., 2024). They can also alter gut microbiota,
exacerbating kidney inflammation (Ramya, Ranjan, Nayak, S. P, et al., 2023). Research
indicates that exposure to organic pollutants correlates with declining kidney function
over time, particularly in individuals with pre-existing CKD (Charytan, D. M., et al.,
2023).

There are also several ways that environmental exposures can affect kidney health, both
directly and indirectly. Ingestion or breathing of pollutants from the air, water, and soil
through the skin. When These contaminants enter the bloodstream to varied degrees, then
they reach the kidneys and cause direct harm. Certain substances enter the bloodstream
through the gastrointestinal tract and then go through metabolism in the liver. By resulting
in diseases like diabetes and hypertension, which are known risk factors for incident or
progressive CKD, certain exposures may also indirectly cause kidney disease. Diabetes
mellitus (Kshirsagar, A. V., et al. 2022).

Chronic kidney disease (CKD) is linked to exposure to environmental pollutants,
especially metals like cadmium and mercury, as well as perfluoroalkyl substances
(PFAS). This underscores the necessity of public health initiatives to counteract these
cumulative effects on kidney health (Haruna, 1., & Obeng-Gyasi, E., 2024). Exposure to
environmental chemicals during pregnancy, such as BPA, PFAS, and dioxins, impacts
kidney development, resulting in fewer nephrons and higher risks of kidney disease and
hypertension in the offspring (Hsu, C.-N., & Tain, Y.-L., 2021; Bello, A. K., et al., 2024).
Despite the established links between chemical exposure and kidney health, some argue
that the effects may vary based on individual susceptibility and environmental factors,
necessitating further research to understand these complex interactions.

Global incidence on Kidney related cases:

Figure 1. (A) Incidence of kidney transplantation, (B) Incidence of deceased-donor
kidney transplantation. (C) Incidence of living-donor kidney transplantation. (D)
Incidence of pre-emptive kidney transplantation is reported as cases pmp per year
(pmp=per million population).
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Figure 1: Global incidence on kidney related cases.
Credit: Stanifer, J. W., Muiru, A., Jafar, T. H., & Patel, U. D. (2016). Chronic kidney
disease in low-and middle-income countries. Nephrology Dialysis
Transplantation, 31(6), 868-874.

Figure 2: Global rate of death due to chronic kidney disease, it’s prevalence and
incidence rate of all ages and also from both genders.
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Figure 2 Global rate of death due to chronic kidney disease, it’s prevalence and
incidence rate.
Global Burden of Disease Collaborative Network. (2022). Global Burden of Disease
Study 2021 (GBD 2021) results. Institute for Health Metrics and Evaluation
(IHME). Available from https://vizhub.healthdata.org/gbd-results/.
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Table 1: Rate of death due to chronic kidney disease.
Causes Location | Year | Value

Global | 2019 | 18.88461
Global | 2020 | 19.16875
Global | 2021 | 19.35839

India | 2019 | 12.21194
Chronic kidney disease India | 2021 | 12.41695

India | 2020 | 12.36959
Manipur | 2019 | 11.08354
Manipur | 2021 | 11.23757
Manipur | 2020 | 11.21679

Table 1 showing the Global, India and Manipur rate of death due to chronic kidney
disease.

Table 2: Prevalence of chronic kidney disease
Location | Year | Value
Global | 2019 | 8421.767
Global | 2020 | 8496.9
Global | 2021 | 8537.48
India | 2019 | 9011.085
India | 2020 | 9124.345
India | 2021 | 9051.422
Manipur | 2019 | 8661.514
Manipur | 2020 | 8750.513
Manipur | 2021 | 8641.05

Chronic kidney disease

Table 2 showing the Global, India and Manipur rate of prevalence of chronic kidney
disease.

Table 3: Incidence of chronic kidney disease
Causes Location | Year | Value
Global | 2019 | 243.7516
Global | 2020 | 248.8985
Global | 2021 | 252.6187
India | 2019 | 151.1021
Chronic kidney disease | India | 2020 | 154.2115
India | 2021 | 158.07
Manipur | 2019 | 147.5071
Manipur | 2020 | 149.5509
Manipur | 2021 | 152.7848

Table 3 showing the Global, India and Manipur rate of chronic kidney disease
incidence.
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The global prevalence of chronic kidney disease (CKD) is significantly increasing.
Studies reveals significant disparities in availability, accessibility, quality, and
affordability of kidney care, including medicines, kidney replacement therapy (KRT), and
conservative kidney management (CKM). The need for equitable access to kidney care is
highlighted, with policy implications for achieving this goal. The highest prevalence of
chronic kidney disease was found in Eastern and Central Europe (12.8%, 11.9—-14.1), with
a global median prevalence of 9-5% (Interquartile Range 5.9—11.7) (Bello, A. K., et al.,
2024).

Athletes and kidney problems:

High-intensity training, dietary habits, and substance use are some of the factors that put
athletes at risk for kidney-related problems. Maintaining kidney health in athletes requires
an understanding of these risks. High-intensity training, dietary habits, and substance use
put athletes at serious risk for kidney-related problems. Acute kidney injury (AKI) and
other renal complications can result from these factors, especially in bodybuilding,
combat sports, and ultra-endurance events.

Athletes are much more likely to develop kidney-related issues if they engage in high-
intensity training (HIT), have poor eating habits, or use drugs. According to research,
acute kidney injury (AKI) can result from rapid weight loss, which is typical in combat
sports, because it raises renal function markers like creatinine and blood urea nitrogen
(Drid, P., et al., 2023). A significant portion of athletes experienced AKI after engaging
in high-intensity workouts like CrossFit, which have also been connected to temporary
renal impairment (Nunes Filho, J. C. C., 2022; Kodikara, P., 2023). Additionally, through
processes like glomerular hyperfiltration, high-protein diets—which are common among
athletes—cause long-term kidney damage (Cho, E., et al., 2022). Risks associated with
ultra-endurance events also include kidney injury exacerbated by non-steroidal anti-
inflammatory drug use and dehydration (Tidmas, V., et al., 2022).

Rapid weight loss (RWL) is prevalent among combat athletes, with studies showing a 5%
average weight loss linked to increased kidney function markers such as blood urea
nitrogen and creatinine. High-intensity training combined with RWL significantly
elevates the risk of kidney function decline (Drid, P., et al., 2023).

Athletes frequently consume high-protein diets (HPDs), which may cause glomerular
hyperfiltration and chronic kidney damage, according to research (Cho, E., et al., 2022).
Due to their dietary habits and substance use, bodybuilders are especially susceptible to
diseases like focal segmental glomerulosclerosis and acute tubular necrosis (Tidmas, V.,
et al., 2022). By stimulating the renin-angiotensin-aldosterone system, dehydrating the
body, and causing renal inflammation, high-intensity exercise, high-protein diets, and
substance use, such as anabolic steroids and diuretics, can all lead to gym nephropathy
and raise the risk of kidney-related issues (Moonesan, M. R., 2023). Anabolic steroids
and non-steroidal anti-inflammatory drug (NSAID) use are also associated with a higher
risk of AKI, especially in ultra-endurance athletes. Kidney health problems are made
worse by dehydration and the abuse of diuretics (Tidmas, V., et al., 2022; Tidmas, V., et
al., 2024).

Athletes who engage in high-intensity training and misuse nutritional and nonnutritional
supplements, such as vitamins and anabolic steroids also develop kidney damage, known
as "gym nephropathy," underscoring the grave dangers of these behaviors (Gawad, M., &
Kalawy, H., 2019). Studies also highlights the substantial risks for kidney-related issues
resulting from bodybuilders’ use of growth hormone (GH), anabolic androgenic steroids
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(AAS), and high-protein diets. These practices are also linked to a number of renal
diseases (El-Reshaid, W., et al. 2018; Ali, A. A., et al. 2020; Ozkurt, S., et al. 2023).

The fact that some athletes may also be able to maintain kidney health through appropriate
hydration and customized nutritional strategies, despite the significant risks associated
with these factors, underscores the importance of personalized approaches to athlete care.
Conclusion:

To reduce the worldwide burden of CKD, it is imperative to underline the need of
thorough programs that handle the several risk factors for this condition, including
focused interventions for certain groups. Healthcare professionals and legislators must
work together to create customized treatment and preventive strategies and requirements
into account. Athletes can keep their performance standards and general health by
supporting early CKD diagnosis and management. Athletes can also lower their risk of
CKD by increasing knowledge of the need of routine renal tests and by changing their
lifestyles.
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