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Chronic kidney disease (CKD) has become a public health concern over the last
several years. Nowadays developed countries spend around 3% of their annual
health-care budget on patients with CKD. According to the scientific community
the most remarkable risk factors for CKD are diabetes and hypertension.
Unknown CKD etiology has been reported as a global phenomenon including
uncommon risk factors such as: dehydration, leptospirosis, heat stress, water
quality, and others. This study aims to report non-traditional risk factors for ESRD
based on a scoping review methodology. The scoping review methodology
described by Arksey and O’Malley was used by performing an extensive review
of the information. A total of 46 manuscripts were reviewed. The non-traditional
ESRD risk factors are depicted based on six categories. Gender and ethnicity
have been considered as risk factors for ESRD. Erythematous systemic lupus
(ESL) is reported as an important risk factor for ESRD. Pesticide use has been an
significant risk factor due to its effects on human and environmental health. Some
compounds commonly used in homes against insects and plants are related to
ESRD. Congenital and hereditary diseases in the urinary tract have been studied as
a cause of ESRD in children and young adults. End-stage renal disease is a major
concern for public health on a global level. As it can be seen, non-traditional risk
factors are several and have different etiologies. It is necessary to put the issue
on the table and add it to the public agenda in order to find multidisciplinary
solutions.
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end-stage kidney disease, end-stage renal failure, chronic kidney failure, chronic renal
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1. Introduction

Chronic kidney disease (CKD) has become a public health
concern over the last several years. It is a major problem, with some
developed countries spending around 3% of their annual health-care
budget on management every year (1). Before the SARS-CoV-2
pandemics, the reported prevalence at the international level was
13.4%, and around 4 to 7million people at end-stage renal disease
(ESRD) who needed replacement therapy (2).

According to the scientific community the most remarkable risk
factors for CKD are diabetes and hypertension. However, some other
risk factors should be taken into account such as: HIV-associated
nephropathy, viral infections (dengue) or break-bone fever, malaria,
leishmaniasis, leptospirosis and others (1). Research from 2015
reported that more than a million deaths, and around 19 million
disabilities were related to reduced glomerular filtration rates
secondary to cardiovascular diseases (1, 3, 4). Inflammation is another
well-studied condition related to CKD. Some authors have described
that an inflammatory stage could work as a maladaptive and
uncontrolled disorder in CKD patients and is associated with
cardiovascular disease (5-7).

The unknown etiology CKD has been reported as a global
phenomenon including uncommon risk factors such as: dehydration,
leptospirosis, heat stress, water quality and others (8). However, the
number of uncommon causes of CKD has not been limited, especially
due to changes in global health after the SARS-CoV-2 pandemics.
Their long term effects on kidney health are not known at the moment,
and several years shall pass after gaining enough knowledge about it.

In Mexico, the problem is not minor. The prevalence of
albuminuria in children in some rural areas is reported to be over 40%
and the frequency of deaths secondary to ESRD is near 15 per 1,000
among adult inhabitants (9). Other studies in Mexican rural areas
have reported similar results (10, 11). As previously mentioned, the
number of unknown ESRD causes are several but not reported at all.

This study aims to report on the non-traditional risk factors for
CKD progression to ESRD using a scoping review methodology.

2. Materials and methods

The methodology described by Arksey and O’Malley (12) was
used performing an extensive review of the information. The literature
review question was defined using key words included in MESH terms
from PubMed, which was the only source for information. The key
words that were included were: end-stage renal disease, end-stage
kidney disease, end-stage renal failure, chronic kidney failure, chronic
renal failure, non-traditional, unknown, causes, diabetes and
hypertension; applying Boolean operators. The information was not
limited with regard to time. The number of articles resulting from the
previously mentioned key word combination was 707. Key words and
number of hints are described in Supplementary Table S1.

A total of 46 manuscripts were reviewed. Selection criteria
included: The English language, the full text, and quantitative
observational studies (cross-sectional, case-control and cohort
studies) in the adult population. Reviews, clinical trials, case reports,
qualitative and studies including children were not included for review.

The review and selection of manuscripts were performed during
a 4-month period by pairs. The selected manuscript was systematized
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in an excerpt matrix (worksheet) that included: the lead author, year
and place, objective, study design, sample, variables, statistical
analysis, and results. Supplementary Table S2 summarizes the
characteristics of the studies included.

As diabetes and hypertension are mainly the most common ESRD
risk factors, and all manuscripts which included such topics were
excluded. Studies performed on children were also excluded.

3. Results

As previously mentioned, diabetes mellitus and hypertension are
the most common risk factors for ESRD. However, in several cases,
the etiology is unknown (13-17). Globally, ESRD is a public health
concern affecting people’s quality of life. In order to carry out some
strategies to prevent its harmful effects on the health of young adults,
all possible risk factors must be well documented. The non-traditional
ESRD risk factors are depicted based on six categories.

3.1. Sociodemographic characteristics
(gender, race, rurality and area deprivation)

Gender and ethnicity have been considered as risk factors for
ESRD. Some researchers concluded that the risk is higher among
males (18-21). Regarding ethnicity, African-American (AA) is
defined as a risk factor (HR 3.0 CI95: 2.58-3.54) among United States
residents (21). The relative risk for ESRD for AA compared to
Caucasians was 2.86 (CI95: 2.35-3.47) (20). The same researchers
concluded that the risk of ESRD is twice as great in rural areas
residents compared to people who are living in urban areas (19).
Crews et al,, reported that low income is related to ESRD (HR 3.75
95CI 8.62-8.64). Middle income level subjects showed lower risk (1.0
95CI 1.01-1.06) and those individuals with high incomes reported HR
values <1 (22). Income and ESRD is not a novel study topic since their
relationship was reported in 2008 by Bello et al., who reported an odds
ratio value of 11.90 (95IC 8.5-16.7), whereas the OR for high income
was 1.43 (95IC 1.01-2) (23).

3.2. Non-transmissible diseases

ESRD is related to chronic diseases. Among non-transmissible
diseases there are several related causes which are not always reported
as an important risk factor for this global health issue. Systemic Lupus
Erythematosus (SLE) is reported as an important direct cause of ESRD
in South Korea (HR 9.84 CI95 8.10-11.8) and Eastern United States
(Atlanta, Georgia) (HR 6.7 95CI 2.6-16) (24, 25). Complement factors
such as high levels of C3 were reported as a risk factor for ESRD in a
retrospective cohort of 338 SLE patients in Germany (RR 3.0 95CI
1.5-6) (26). Wunnenburger et al. reported that SLE risk variant
(TNXB) is associated with CKD attributed to type 1 diabetes mellitus
(p<0.01), and IgA nephropathy (HLA-DRBI) was related to
granulomatosis with polyangiitis (p <0.01) (27).

Obesity has been related to kidney diseases without differences
regarding gender (28, 29). The risk for ESRD is gradually increasing
in individuals who are overweight to grade 3 obesity from 2.2 (CI95
1.7-2.7) t0 6.5 (C195 4.6-9.3). Indeed, differences between people who
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are overweight and grade 1 obesity are remarkable (HR 3.6 CI95
2.8-4.6). Living kidney donors have an overall HR of 1.86 of
developing ESRD and, the HR value increased twice when donors are
obese (17). It is important to mention that those obese individuals
who were included in the previous studies had neither diabetes nor
hypertension. Other authors from Austria and Finland that included
around 29,000 individuals reported that a body mass index (BMI)
between 25 to 30 confers a RR of 1.58 for ESRD. Those with BMI over
31 showed a higher risk (RR 2.5 CI95 1.6-4.4) (30, 31).

Chronic disease associated anemia that is non-malignant related
has been reported as a risk factor for ESRD (RR 2.81 and HR 1.55)
(31), whereas other authors from Pakistan reported that there is no
causal relationship between both diseases (20).

3.3. Environmental factors

Pesticides have been widely used and have affected the health of
both humans and the environment. Some compounds commonly
used in homes against insects and plants are related to ESRD. Hsu et
al, reported that exposure to some toxic household substances in
California, United States is a risk factor for ESRD (HR 1.78 CI95
1.3-2.3) (21). Other compounds used in agricultural activities have
been associated with ESRD. The higher HR reported values were for
metalaxyl (HR 1.92 CI95 1.01-3.66), atrazine (HR 1.51 CI95
1.1-2.06), pendimethalin (HR 2.15 CI95 1.23-3.77), metolachlor
(HR 1.53 CI95 1.08-2.18), alachlor (HR 1.56 CI95 1.12-2.18) and
paraquat (HR 2.23 CI95 1.18-4.21) (32). Chemical compounds such
as asbestos, cement, or grain dust were reported in 2009 as risk
factors for ESRD, with HR values of 1.77 (CI95 1.34-2.33) and
chemical solvents 1.61 (1.37-1.90). The same authors (21) reported
extremely high temperature exposure as a risk factor (HR 1.73 CI95
1.34-2.24). Lead compounds are historically related to several
diseases and ESRD is not the exception. Serum levels around 3.5 and
3.9mmol/L increased the risk for disease (HR 1.39 CI95 1.13-1.70)
(33). Other authors reported an odds ratio of 1.01 (CI95 1.0-1.02)
after exposure (34). Stressful working conditions were reported as a
risk factor for ESRD by Aksoy et al. in 2020 in Turkey. Researchers
performed a cross-sectional study that included 258 individuals. The
conclusion was that work stress represents an important issue in
patients before kidney transplantation (OR 5.86 CI95 2.21-15.52)
(35). Tobacco smoking is one of the most remarkable public health
issues globally. Its relationship with ESRD has been documented.
The HR values reported in 2015 and 2021 were 1.30 (CI95 1.04-1.63)
and 1.87 (CI95 1.1-3.19) respectively (17, 36).

3.4. Congenital and mineral metabolism
disorders

Congenital and hereditary diseases of the urinary tract have been
studied as a cause of ESRD in children and young adults. Ureteropelvic
junction obstruction is the most common congenital abnormality
diagnosed in children. However, in many cases, this congenital
abnormality is diagnosed in adults being unilateral combined with
other chronic diseases or bilateral in some cases causing ESRD (37).
Other diseases such as Alport syndrome and MYH9 mutations were
reported as the cause of CKD (38).
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Kidney stone disease is not a common cause of ESRD since new
treatments allow for the management of the problem and yields
excellent results (endourology procedures) (39-41). However, the risk
of ESRD with the presence of kidney stone disease increases in a
remarkable way (OR 16.1 C195 5.7-45.4) (42).

3.5. Drug use

The use of non-steroidal anti-inflammatory drugs (NSAIDs) has
been related to the risk of inducing kidney failure. The use of this type
of medication should be controlled in patients who have some type of
kidney failure in order to avoid more damage. However, the risk for
CKD in healthy patients is not well known. Some observational
studies have reported data related to the risk of CKD in long term
users of oxicams (OR 1.74 CI95 1.20-2.54), meloxicam (OR 1.98 CI95
1.01-3.87), piroxicam (OR 1.95 CI95 1.19-3.21) and ketorolac (OR
2.54 CI95 1.45-4.44) (43). As it can be seen, the four compounds
showed a significant relationship between study variables.

Another study reported that CKD was associated with regular
NSAIDs users. The research adjusted the OR values for sex and age,
resulting in eGFR <60 mL/min per 1.73m2 (OR 1.51 CI95 1.13-2.02),
and albuminuria (OR 1.31 CI95 1.07-1.59). Same authors identified
that the cumulative time of NSAID intake and kidney damage for
those who took them for more than 48 months had an eGFR <60 mL/
min per 1.73m2 (OR 2.36 CI95 1.28-4.37) (44). A previous study
performed in 2005 showed a non-significant relationship among the
chronic use of NSAIDs (OR 1.22, CI95 0.89-1.66). The research
investigated the uses of analgesics for cardiovascular conditions,
headaches, joint pain, and the musculoskeletal system (45). CKD
patients using acetaminophen, aspirin, COX-2 inhibitors, and other
NSAIDs had an increased risk of progression to ESRD with
multivariable adjusted HR of 2.92 (CI95 2.47-3.45), 1.96 (CI95 1.62-
2.36), 154 (CI95 1.08-220) and 1.56 (CI95 1.32-1.85),
respectively (46).

In subjects with a mean glomerular filtration rate of 60-89 mL/
min/1.73m2, COX-2 inhibitor users had a 25% increased risk of
rapidly progressing kidney disease (OR 1.25 CI95 1.05-1.47) and
traditional users of NSAIDs a 29% higher risk (OR 1.29, CI95 1.02-
1.63) compared to non-users of NSAIDs (47).

The use of second-generation antipsychotics (SGA) has also been
a debatable issue regarding the development of ESRD. The literature
has shown that the general risk for having used an SGA at some
moment in their life yielded an OR of 1.24 (CI95 1.12-1.37). The
corresponding OR for current use was 1.26 (CI95 1.12-1.42). The risk
was more pronounced for clozapine (OR 1.81 CI95 1.22 to 2.69)
followed by olanzapine (OR 1.41 CI95 1.19-1.65) and quetiapine (OR
1.28 CI95 1.17-1.42) (48).

Moreover, the use of illegal drugs such as heroin or other
opiates, cocaine, amphetamines, tranquilizers, psychedelics and
cannabis products (marijuana or hashish), has also been reported
as an important risk factor for the development of CKD. In the
United States a case—control study was carried out in 716 patients
aged 20-64years that identified the use of cannabis-derived
products more than 100 times in their entire lives, which was
associated with ESRD (OR 2.5 CI95 1.4-5.0), and in terms of
lifetime use of amphetamines greater than 100 times was also
associated with an increased risk of ESRD (OR 4.9 CI95 1.2-43.5).
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Regarding the use of cocaine, it was determined that the dose-
response relationship of this increases the risk of End-Stage Renal
Disease (ESRD) in people who used it less than 100 times in their
lives (OR 2.6 1C951.2-6.5), compared to those people who used it
more than 100 times in their lives (OR 8.7 CI95 2.2-75.3). Heroin
use showed a strong and statistically significant increased risk for
ESRD (OR 20.3 CI95 3.6-infinite) (49).

3.6. Others

The novel culture of organ and tissue transplantation has played
an important role in public health. The facts concerning sharing an
organ is different regarding time and place. Third world countries such
as Mexico and Brazil have a remarkable preference about living kidney
donors. Conversely, countries like the United States and Spain have a
greater tendency for cadaveric donors. An important issue regarding
living donors (kidney) is the risk of developing ESRD, a fact that has
been documented. Massie et al., performed a retrospective cohort that
included 71,468 kidney donors. The cumulative incidence of ESRD
15years after nephrectomy was 11.7 per 10,000 (average GFR after
6months 70 mL/min/m2). It concluded that GFR 6 months after
nephrectomy is an independent variable and potential predictor for
ESRD in living kidney donors (50). Radioactive emanations have been
investigated and international literature has shown some level of
association with ESRD, specifically after cancer management
radiotherapy (39). Lange et al., reported a retrospective cohort that
included 9,237 with a history of radiotherapy for Wilms tumor
management. The reported risk for ESRD in the study group was 4.2
(HR, CI95 1.6-10.7) (51).

4. Discussion

End Stage Renal Disease is a major concern for public health at a
global level. As it can be seen, non-traditional risk factors are
numerous and have different etiologies. The main risk factors reported
globally have already been described (diabetes and hypertension).
However, risk factors should be classified according to geographical
and economic conditions. CKD screening has been recommended as
a cost-effective strategy in high-risk patients allowing starting early
management of the prevention of progression and identification of
specific conditions. These types of early actions that work as preventive
medicine are considered as the key for better public health practices
that provide some opportunities for improved patient access to better
attention and improved outcomes (52). Screening costs may vary
depending on the country. In developed countries (high income) the
cost per year is estimated between 50,000 to 150,000 USD. In Mexico
the cost for a basic blood and urine tests is around 25 to 250 USD (53).
This type of screening is good enough to detect early kidney damage
in every patient including groups of people that are looking for an
annual medical checkup. In 2014, Komenda et al. reported a
worldwide review regarding costs of proteinuria and glomerular
filtration rate in different groups of patients including the general
population, diabetics, and hypertensive patients. The reported cost
was between $100,253 to $109,912 USD. The authors concluded that
CKD screening is cost-effective in patients with identifiable risk
factors (54).
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Although there is an idea of how to counteract ESRD for these
two most common causes, it is a matter of concern that in many of
the studies the etiology of the disease is still not clear. Consequently,
there is insufficient knowledge regarding how to contribute with
a solution.

This health problem, as previously mentioned, has an impact on
everyone, but specifically in Mexico there are endemic areas of the
disease, such as Jalisco and Aguascalientes, which have high incidences
in children, adolescents, and young adults (55, 56).

It is important for health professionals to attend to these patients
from early detection since the costs in the different levels of care for
kidney patients are high, aside from how significantly their quality-of-
life decreases, both for patients and their family members involved in
the process (57-59).

For those individuals that have been diagnosed with ESRD, it
must be considered that their disease will last a lifetime, so they will
have to search for some other replacement medical treatments that are
currently available, such as: peritoneal dialysis, hemodialysis and
transplantation (60, 61). In Mexico, those who have social security
through insurance policies associated with their school or work will
have access to one of the first two treatments (61). However, access to
a kidney transplant will be influenced by the search for a donor by the
kidney patient himself/herself, which often complicates this process,
since a living donor must be found among his/her own relatives or
acquaintances, instead of a search for a cadaveric donor, as is
commonly done in other countries (61, 62).

In Mexico, receptor candidates for kidney transplant, need to
perform a series of studies and a biopsy to determine the cause of
kidney failure and the current damage to the kidney (56, 61). This
practice is expensive, but it could contribute to the problem that
has developed when this paper was written, in order to identify
some causes that have been neglected, which are important in the
development of ESRD. The public health system should propose
alternatives that help to identify these factors that would
undoubtedly assist in explaining a portion of this great
problem (58).

Lastly, it’s important to mention the role of diagnosis before
kidney transplantation. As previously mentioned, living kidney
donors are at risk of ESRD (incidence 11.7 per 10,000) (50), and
several times the cause can be prevented based on medical history
data such as family members with diabetes, hypertension, and
other CKD risk factors. Candidates to become living kidney donors
must be studied in depth to avoid diabetes and other chronic
causes related to kidney disease. Several reports have shown the
importance of graft biopsies for prognosis in children and adults
(60, 63-65). However, information about kidney biopsy as a
diagnostic tool before transplantation is scarce. The same applies
to medical programs that propose the probability of graft loss
secondary to that of primary diseases, or other factors such as
follow-ups and attachment therapy issues. In 2012, Sellarés et al.
reported that non-attachment therapy was the cause of renal
transplant failure in 26 of 315 patients. Antibody-mediated
rejection and T cell-mediated rejection represented 18 and 9% of
kidney graft failure, respectively (66). Recurrent glomerulonephritis
is reported in 10 to 20% after kidney transplantation and around
50% have a graft lost. Even follow up is in long term, the cause is
generally unknown and represents the third most common cause
of graft failure (67). It is clear that kidney transplant programs
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worldwide are ambitious, and their main intention is to improve
patients’ lives. However, some programs are focused on numbers
only. Several kidney transplant programs must restate the way in
which they will act. Public policy transfer cannot be applied in the
same way in different countries. Although there are international
guidelines for kidney transplant protocols (68), local guidelines
must be adapted in order to improve selection criteria and to avoid
short term complications and a second transplant.

The aim of this review was to find as much information as possible
in order to show a general panorama of non-traditional causes for
CKD progression. However, the information about the topic is
extensive and dynamic. Although we have tried to be as exhaustive as
possible, there are several non-traditional causes for CKD that are not
included in this paper. Perhaps, the number of unknown causes of
CKD is beyond the modern knowledge and ready to be studied in
future reviews.

5. Conclusion

End Stage Renal Disease is an international major concern for
public health. The number of deaths per year is alarming and is
increasing gradually, owing to an increasing prevalence of diabetes
mellitus and other cardiovascular diseases. Epidemiological transition
in developing countries should be taken into account since infectious
diseases, environmental exposures, and other risk factors for ERSD
increase the burden of disease. This fact affects not only public health
policy. In general terms, the problem has the capability to seriously
affect public policy at several levels. It is necessary to put the issue on
the table and add it to the public agenda in order to find
multidisciplinary solutions.
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