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INTRODUCTION

Kidney disease is a global public health problem, affecting 
over 750 million persons worldwide.1,2 The burden of  kidney 

disease varies substantially across the world, as does its detection 
and treatment. In many settings, rates of  kidney disease and the 
provision of  its care are defined by socio-economic, cultural, and 
political factors leading to significant disparities.3 World Kidney 
Day 2019 offers an opportunity to raise awareness of  kidney dis-
ease and highlight disparities in its burden and current state of  
global capacity for prevention and management. Here, we high-
light that many countries still lack access to basic diagnostics, a 
trained nephrology workforce, universal access to primary health-
care, and renal replacement therapies. We point to the need for 
strengthening basic infrastructure for kidney care services for early 
detection and management of  acute kidney injury and chronic kid-
ney disease across all countries and advocate for more pragmatic 
approaches to providing renal replacement therapies. Achieving 
universal health coverage worldwide by 2030 is one of  the World 
Health Organization’s Sustainable Development Goals. While uni-

versal health coverage may not include all elements of  kidney care 
in all countries, understanding what is feasible and important for 
a country or region with a focus on reducing the burden and con-
sequences of  kidney disease would be an important step towards 
achieving kidney health equity.

BURDEN OF KIDNEY DISEASE

Availability of  data reflecting the full burden of  kidney disease 
varies substantially because of   limited or inconsistent data 
collection and surveillance practices worldwide (Table 1).4 Whereas 
several countries have national data collection systems, particularly 
for end-stage renal disease (ESRD) (e.g. United States Renal Data 
System, Latin American Dialysis and Renal Transplant Registry, 
and Australia and New Zealand Dialysis and Transplant Registry), 
high-quality data regarding non-dialysis CKD is limited, and often 
the quality of  ESRD data is quite variable across settings. This 
is of  particular concern in low-income countries. For example, 
a meta-analysis of  90 studies on CKD burden conducted across 
Africa showed very few (only 3%) with robust data.5 The provision 
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of  adequate resources and workforce to establish and maintain 
surveillance systems (e.g., screening programs and registries) 
is essential and requires substantial investment.6 Incorporating 
kidney disease surveillance parameters in existing chronic disease 
prevention programs might enhance global efforts toward 
obtaining high-quality information on kidney disease burden and 
attendant consequences.

 In addition to a need for functional surveillance systems, 
the global importance of  kidney disease (including AKI and CKD) 
is yet to be widely acknowledged, making it a neglected disease 
on the global policy agenda. For instance, the World Health 
Organization (WHO) Global Action Plan for the Prevention 
and Control of  Non-Communicable Diseases (NCDs) (2013) 
focuses on cardiovascular diseases, cancer, chronic respiratory 
diseases, and diabetes, but not kidney disease, despite advocacy 
efforts by relevant stakeholders such as the International Society 
of  Nephrology (ISN) and the International Federation of  Kidney 
Foundations through activities such as World Kidney Day. This 
situation is quite concerning because estimates from the Global 
Burden of  Disease study in 2015 showed that around 1.2 million 
people were known to have died of  CKD,7 and more than 2 million 
people died in 2010 because they had no access to dialysis. It is 
estimated that another 1.7 million die from AKI on an annual 
basis.8,9 It is possible, therefore, that kidney disease may contribute 
to more deaths than the 4 main NCDs targeted by the current 
NCD Action Plan.

Risk Factors for Kidney Disease

Data in recent decades have linked a host of  genetic, environmental, 
socio-demographic and clinical factors to risk of  kidney disease. 
The population burden of  kidney disease is known to correlate 
with socially defined factors in most societies across the world. 
This phenomenon is better documented in high-income countries, 

where racial/ethnic minority groups and people of  low socio-
economic status carry a high burden of  disease. Extensive data 
has demonstrated that racial and ethnic minorities (e.g. African-
Americans in the United States, Aboriginal groups in Canada and 
Australia, Indo-Asians in the United Kingdom, and others) are 
affected disproportionately by advanced and progressive kidney 
disease.10-12 The associations of  socioeconomic status and risk of  
progressive CKD and eventual kidney failure also have been well 
described, with persons of  lower socioeconomic status bearing the 
greatest burden.13,14 Furthermore, CKD burden is often greater 
among individuals dwelling in rural as opposed to urban settings, 
including in China where economically improving rural areas have 
more than twice the prevalence of  albuminuria as urban areas.15

 Recent works have associated apolipoprotein L1 risk 
variants16,17 with increased kidney disease burden among persons 
with African ancestry. In Central America and Southeastern 
Mexico, Mesoamerican nephropathy (also referred to as CKD of  
unknown causes) has emerged as an important cause of  kidney 
disease. While multiple exposures have been studied for their 
potential role in CKD of  unknown causes, recurrent dehydration 
and heat stress are common denominators in most cases.18 

 Communicable diseases such as HIV and hepatitis B 
and C viruses constitute important risk factors for kidney disease, 
particularly in developing countries, however  NCDs such as diabetes 
and hypertension are increasingly becoming the major CKD risk 
factors. Diabetes is the leading cause of  advanced kidney disease 
worldwide.19 In 2016, 1 in 11 adults worldwide had diabetes and 
greater than 80% were living in low- and middle-income countries20 
where resources for optimal care are limited. Hypertension is 
also estimated to affect 1 billion persons worldwide21 and is the 
second leading attributed cause of  CKD.19 Hypertension control is 
important for slowing CKD progression and decreasing mortality 
risk among persons with or without CKD. Hypertension is present 
in more than 90% of  persons with advanced kidney disease,19 yet 
racial/ethnic minorities and low-income persons with CKD who 
live in high-income countries have poorer blood pressure control 
than their more socially advantaged counterparts.22

 Lifestyle behaviors, including dietary patterns, are strongly 
influenced by socioeconomic status. In recent years, several 
healthful dietary patterns have been associated with favorable CKD 
outcomes.23 Low-income persons often face barriers to healthful 
eating that may increase their risk of  kidney disease.24-26 People of  
low socioeconomic status often experience food insecurity (i.e., 
limited access to affordable nutritious foods), which is a risk factor 
for CKD27 and progression to kidney failure.28 In low-income 
countries, food insecurity may lead to undernutrition and starvation 
which has implications for the individual and, in the case of  
women of  child-bearing age, could lead to their children having 
low birth weight and related sequelae, including CKD.29 Rates of  
undernourishment are as high as 35% or more in countries such as 
Haiti, Namibia, and Zambia.30 However, in high-income countries, 
food insecurity is associated with over nutrition, and persons with 
food insecurity have increased risk of  overweight and obesity.31,32 

Further, food insecurity has been associated with several diet-

Table 1. World Bank Country Group Chronic Kidney Disease Gaps

CKD Care Low-
Income 

Countries 
(%)

Lower-
Middle-
Income 

Countries 
(%)

Upper 
Middle-
Income 

Countries 
(%)

High-
Income 

Countries 
(%)

Governmental 
recognition of CKD as a 
health priority

59 50 17 29

Government funds all 
aspects of CKD care 13 21 40 53

Availability of CKD 
management and referral 
guidelines (international, 
national, or regional)

46 73 83 97

Existence of current CKD 
detection programs 6 24 24 32

Availability of dialysis 
registries 24 48 72 89

Availability of academic 
centers for renal clinical 
trial management

12 34 62 63

CKD: chronic kidney disease

Data source: Bello et al4
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related conditions, including diabetes and hypertension.

Acute Kidney Injury

AKI is an under-detected condition that is estimated to occur in 
8% to 16% of  hospital admissions33 and is now well-established as 
a risk factor for CKD.34 Disparities in AKI risk are also common, 
following a pattern similar to those observed in persons with CKD.35 
AKI related to nephrotoxins, alternative (traditional) medicines, 
infectious agents, and hospitalizations and related procedures 
are more pronounced in low-income and lower-middle-income 
countries and contribute to increased risk of  mortality and CKD 
in those settings.36 Importantly, the majority of  annual AKI cases 
worldwide (85% of  more than 13 million cases) are experienced 
in low-income and lower-middle-income countries, leading to 1.4 
million deaths.37

HEALTH POLICIES AND FINANCING OF KIDNEY DISEASE 
CARE

Because of  the complex and costly nature of  kidney disease care, 
its provision is tightly linked with the public policies and financial 
status of  individual countries. For example, gross domestic product 
is correlated with lower dialysis-to-transplantation ratios, suggesting 
greater rates of  kidney transplantation in more financially solvent 
nations. In several high-income countries, universal healthcare is 
provided by the government and includes CKD and ESRD care. 
In other countires, such as the United States, ESRD care is publicly 
financed for citizens; however, optimal treatment of  CKD and 
its risk factors may not be accessible for persons lacking health 
insurance, and regular care of  undocumented immigrants with 
kidney disease is not covered.38 In low-income and lower-middle-
income countries, neither CKD nor ESRD care may be publicly 
financed, and CKD prevention efforts are often limited. In 
several such countries, collaborations between public and private 
sectors have emerged to provide funding for RRT. For example, in 
Karachi, Pakistan, a program of  dialysis and kidney transplantation 
through joint community and government funding has existed for 
more than 25 years.39

 In many settings, persons with advanced CKD who have 
no or limited public or private sector funding for care shoulder a 
substantial financial burden. A systematic review of  260 studies 
including patients from 30 countries identified significant challenges 
including fragmented care of  indeterminate duration, reliance 
on emergency care, and fear of  catastrophic life events because 
of  diminished financial capacity to withstand them.40 Authors 
of   another study, conducted in Mexico found that patients and 
families were burdened with having to navigate multiple health and 
social care structures, negotiate treatments and costs, finance their 
healthcare, and manage health information.41 Challenges may be 
even greater for families of  children with ESRD, as many regions 
lack qualified pediatric care centers.

ORGANIZATION AND STRUCTURES FOR KIDNEY DISEASE 
CARE 

The lack of  recognition and therefore absence of  a global 
action plan for kidney disease partly explains the substantial 
variation in structures and capacity for kidney care around the 
globe. This situation has resulted in variations in government 
priorities, healthcare budgets, care structures, and human resource 
availability.42 Effective and sustainable advocacy efforts are needed 
at global, regional, and national levels to get kidney disease 
recognized and placed on the global policy agenda.

 In 2017, the ISN collected data on country-level capacity 
for kidney care delivery using a survey, the Global Kidney Health 
Atlas (GKHA),4 which aligned with the WHO’s building blocks 
of  a health system. The GKHA highlights limited awareness of  
kidney disease and its consequences and persistent inequities in 
resources required to tackle the burden of  kidney disease across 
the globe. For example, CKD was recognized as a healthcare 
priority by government in only 36% of  countries that participated 
in this survey. The priority was inversely related to income level: 
CKD was a healthcare priority in more than half  of  low-income 
and lower-middle-income countries but in less than 30% of  upper-
middle-income and high-income countries.
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(B) Secondary/specialty care (i.e., health facilities at a level higher than primary care 

[e.g., clinics, hospitals, and academic centers]). eGFR, estimated glomerular filtration 

rate; HbA1C, glycated hemoglobin; UACR, urine albumin-to-creatinine ratio; UPCR, 

urine protein-to-creatinine ratio. Data from Bello et al.4 and Htay et al.43

Figure 1. Health Care Services for Identification and Management of Chronic Kidney Disease by Country Income Level

(A) Primary care (i.e., basic health facilities at community levels [e.g., clinics, dispensaries, 

and small local hospitals])
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 Regarding capacity and resources for kidney care, many 
countries still lack access to basic diagnostics, a trained nephrology 
workforce, universal access to primary healthcare, and RRT 
technologies. Low-income and lower-middle-income countries, 
especially in Africa, had limited services for the diagnosis, 
management, and monitoring of  CKD at the primary care level, 
with only 12% having serum creatinine measurement including 
estimated glomerular filtration rate. Twenty-nine percent of  low-
income countries had access to qualitative urinalysis using urine 
test strips; however, no low-income country had access to urine 
albumin-to-creatinine ratio or urine protein-to-creatinine ratio 
measurements at the primary care level. Across all world countries, 
availability of  services at the secondary/tertiary care level was 
considerably higher than at the primary care level (Figures 1A and 
1B).4,43

Renal Replacement Therapies

The distribution of  RRT technologies varied widely. On the 
surface, all countries reported long-term hemodialysis services, 
and more than 90% of  countries reported having short-term 
hemodialysis. However, access to and distribution of  RRT across 
countries and regions was highly inequitable, often requiring 
prohibitive out-of-pocket expenditure, particularly in low-income 
regions. For instance, more than 90% of  upper-middle-income and 
high-income countries reported having chronic peritoneal dialysis 
services, whereas these services were available in 64% and 35% 
of  low-income and lower-middle-income countries, respectively. 
In comparison, acute peritoneal dialysis had the lowest availability 
across all countries. More than 90% of  upper-middle-income and 
high-income countries reported having kidney transplant services, 
with more than 85% of  these countries reporting both living and 
deceased donors as the organ source. As expected, low-income 
countries had the lowest availability of  kidney transplant services, 
with only 12% reporting availability, and live donors as the only 
source.

Workforce for Kidney Care

Considerable international variation was also noted in the 
distribution of  the kidney care workforce, particularly 
nephrologists. The lowest density (<5 nephrologists per million 
population) was very common in low-income countries, whereas 
the highest density (>15 nephrologists per million population) 
was reported mainly in high-income countries (Figure 2).4,44,45 

Most countries reported nephrologists as primarily had more 
responsibility for both CKD and AKI care. Primary care physicians 
(PCPs) had more responsibility for CKD care than for AKI care, 
as 64% of  countries reported PCPs are primarily responsible for 
CKD care and 35% reported that they are responsible for AKI 
care. Intensive care specialists were primarily responsible for AKI 
in 75% of  countries, likely because AKI is typically treated in 
hospitals. However, only 45% of  low-income countries reported 
that intensive care specialists were primarily responsible for AKI, 
compared to 90% of  high-income countries; this discrepancy may 
be due to a general shortage of  intensive care specialists in low-
income countries.

 The appropriate number of  nephrologists in a country 
depends on many factors, including need, priority, and resources, 
and as such there is no global standard with respect to nephrologist 
density. Regardless, the demonstrated low density in low-income 
countries calls for concern as nephrologists are essential to provide 
leadership in kidney disease care, and a lack of  nephrologists may 
result in adverse consequences for policy and practice. However, 
it is quite encouraging that the number of  nephrologists and 
nephropathologists is rising in low-income and lower-middle-
income countries, in part thanks to fellowship programs supported 
by international nephrology organizations.46 It is important to 
note that the role of  a nephrologist may differ depending on how 
the healthcare system is structured. The density statistic merely 
represents the number of  nephrologists per million population 
and provides no indication of  the adequacy to meet the needs 
of  the population or quality of  care, which depends on volume 
of  patients with kidney disease and other workforce support 
(example, availability of  multidisciplinary teams). 

 For other care providers essential for kidney care, 
international variations exist in distribution (availability and 
adequacy). Overall, provider shortages were highest for renal 
pathologists vascular access coordinators, and dietitians (with 86%, 
81% and 78% of  countries reporting a shortage, respectively), and 
the shortages were more common in low-income countries. Few 
countries (35%) reported a shortage in laboratory technicians. 
This information highlights significant inter- and intra-regional 
variability in the current capacity for kidney care across the world. 
Important gaps in awareness, services, workforce, and capacity for 
optimal care delivery were identified in many countries and regions.4 
The findings have implications for policy development towards 
with regard to establishment of  robust kidney care programs, 

Figure 2. Nephrologist Availability (Density per Million Population) Compared to Physician, 
Nursing, and Pharmaceutical Personnel Availability by Country Income Level

Pharmaceutical personnel include pharmacists, pharmaceutical assistants, and 

pharmaceutical technicians. Nursing and midwifery personnel include professional 

nurses, professional midwives, auxiliary nurses, auxiliary midwives, enrolled nurses, 

enrolled midwives, and related occupations such as dental nurses. A logarithmic scale 

was used for the x-axis [log(x+1)] because of the large range in provider density. Data 

from Bello et al,4 Osman et al44 and the World Health Organization (for pharmaceutical 

personnel: http://apps.who.int/gho/data/view.main.PHARMS and http://apps.who.int/

gho/data/node.main-amro.HWF?lang=en, for nursing and midwifery personnel: http://

apps.who.int/gho/data/view.main.NURSES, for physicians: http://apps.who.int/gho/data/

view.main.92000).45
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particularly for low-income and lower-middle-income countries.47 

The GKHA has therefore provided a baseline understanding 
of  where countries and regions stand with respect to several 
domains of  the health system, thus allowing the monitoring of  
progress through the implementation of  various strategies aimed 
at achieving equitable and quality care for the many patients with 
kidney disease across the globe. 

 How could this information be used to mitigate existing 
barriers to kidney care? First, basic infrastructure for services must 
be strengthened at the primary care level for early detection and 
management of  AKI and CKD across all countries.47 Second, 
although optimal kidney care obviously should emphasize 
prevention to reduce adverse consequences of  kidney disease at 
the population level, countries (particularly low-income and lower-
middle-income countries) should be supported at the same time to 
adopt more pragmatic approaches in providing RRT. For example, 
acute peritoneal dialysis could be an attractive modality for AKI, 
because this type of  dialysis is as effective as hemodialysis, requires 
far less infrastructure, and can be performed with solutions and 
catheters adapted to local resources.48 Third, kidney transplantation 
should be encouraged through increased awareness among the 
public and political leaders across countries, because this is the 
clinically optimal modality of  RRT and it is also cost-effective, 
provided that costs of  the surgery and long-term medication and 
follow-up are made sustainable through public (and/or private) 
funding.49 Currently, most kidney transplants are conducted in high-
income countries because of  lack of  resources and knowledge in 
low-income and lower-middle-income countries, as well as cultural 
practices and absence of  legal frameworks governing organ 
donation.49

CONCLUSION

Socially disadvantaged persons experience a disproportionate 
burden of  kidney disease worldwide. The provision and delivery 
of  kidney care varies widely across the world. Achieving universal 
health coverage worldwide by 2030 is one of  the WHO Sustainable 
Development Goals. Although universal health coverage may not 
include all elements of  kidney care in all countries (because this 
is usually a function of  political, economic, and cultural factors), 
understanding what is feasible and important for a country or 
region with a focus on reducing the burden and consequences of  
kidney disease would be an important step toward achieving kidney 
health equity.
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ABSTRACT
Introduction
There is a global increase in occupational exposure to solvents, some of  which are suspected to cause acute or chronic toxic 
nephropathies in humans. However, limited studies have been done to evaluate the systemic effects of  exposure to some of  the 
commonly used solvents such as paints. 
Aim
The aim of  the present study was to assess the effect of  chronic exposure to paint fumes on renal and hepatic functions of  in-
dustrial spray painters.
Methodology
In this cross-sectional study, 49 occupationally exposed male industrial spray painters who had served for greater than 5 years 
were evaluated for changes in renal, hepatic and hematological indices using standard instruments and results were compared with 
levels in the unexposed (sex and age-matched) participants.
Results
Significant changes in markers of  renal, hepatic and hematological functions were observed in the exposed compared with un-
exposed participants including significant decrease in estimated glomerular filtration rate (eGFR) and serum levels of  potassium 
(K+) and chloride (Cl-), and significant increases in serum levels of  creatinine (Cr), sodium (Na+), urea (Ur) and uric acid (UA) in 
the exposed compared to levels in the unexposed group. Abnormal serum levels of  hepatic enzymes (AST, ALT and ALP) and 
hematological indices (PCV, total-RBC, nuetrophils, basophils, monocytes and lymphocytes) were also observed in the exposed 
compared to levels in the unexposed participants.
Conclusion
Prolonged exposure to paint fumes may be associated with a significant risk for hepato-renal dysfunction and hematotoxicity. 
Preventive measures should include limiting exposure and using antioxidant medications.

Keywords 
Spray painting; Toxicity; Workers; Kidney; Liver; Blood cells.

Abbreviations 
ALT: Alanine transaminase; ALP: Alkaline phosphatase; AST: Aspartate transaminase; eGFR: Estimated glomerular fitration rate; 
C-G: Cockroft-Gault; MDRD: Modification of  diet in renal disease; Na+/K+/ATPase: Sodium potassium adenosine triphos-
phatase; PH: Hydrogen Concentration; PCV: Packed cell volume; RBC: Red blood cells; ROS: Reactive oxygen species; UA: Uric 
acid; Ur: Urea.
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INTRODUCTION

Occupational and environmental factors have been recognized 
as important contributors to the rising incidence of  kidney 

disease in the general population,1 especially occupations that ex-
posed workers to nephrotoxic substances. Exposure to nephro-
toxic substances accounts for about 25% of  all cases of  acute or 
chronic renal failure.2 Some nephrotoxic substances commonly 
encountered at workplace include organic solvents, copper, chro-
mium, tin, lead, mercury, welding fumes and spray painting fumes.

 Some of  these chemicals may exist alone or in combination 
in pigments or in solvents. A typical example is paint which consist 
of  a mixture of  pigments and solvents. Some pigments found in 
paints include: white lead, titanium white, red lead, venetian red, 
chrome red, zinc chromate and chrome yellow, while solvents such 
as hydrocarbon solvents (aliphatic and aromatic hydrocarbons), 
halogenated solvents (chlorinated hydrocarbons) and oxygenated 
solvents (alcohols, glycol ethers, ketones and esters). Furthermore, 
some volatile organic compounds (VOCs) are added to paints to 
attain the desired quality such as to enhance dryness due to their 
volatile nature. VOCs and other constituents vaporized easily and 
emit gasses that cause widespread environmental pollution. The 
percentage composition of  these chemicals in paints is dependent 
on the physiochemical needs of  the paints. 

 Millions of  people around the world are exposed to the 
toxic constituents of  spray painting fumes that contaminate the 
air around them and the worst affected are workers who are in 
occupations with the highest burden of  paint fumes exposure 
such as the spray painters. When inhaled, the chemicals are 
readily absorbed, metabolized and distributed to various organs 
in the body. The active metabolites undergo further toxico-kinetic 
modifications and leading to generation of  reactive oxygen species 
(ROS), oxidative tissue damage and altered structure and function. 
It is now known that exposure to chemicals with very diverse 
chemical structures and compositions such as paints may produce 
a wide range of  health effects due to the synergistic actions of  
the different components, including effect on the kidney, liver and 
blood cells.

 In view of  the drawbacks of  previous studies such 
as isolated use of  serum biochemical indices of  renal function 
(creatinine, blood urea nitrogen, uric acid) with no adjustment for 
known confounders such as age, gender, body mass index and 
dietary factors, and the fact that the toxicokinetic properties of  
nephrotoxic chemicals may be modified by individual susceptibility 
factors2 (age, gender, genetic susceptibility, exposure concentration, 
duration of  exposure, race and ethnicity).

 The present study aimed to assess the effect of  exposure 
to spray painting fumes on estimated glomerular filtration rate 
(eGFR), biochemical and hematological indices of  spray painters 
in two cities in Akwa Ibom State.

MATERIALS AND METHODS

Study Design and Participants

This cross-sectional study was carried out between June 2017 and 
May 2018 among Industrial spray painters whose workshops are 
located in Uyo and Ikot Ekepene Local Government Areas, Akwa 
Ibom State, Nigeria. A total of  97 (49 exposed and 48 unexposed) 
male participants of  the 122 initially invited to participate were 
recruited for the study. 

 Others were excluded from the study for not meeting the 
inclusion criteria.

 Exclusion criteria were as follows; age outside the study 
age (18 to 40 years), workers who had served for <5 years on the 
job, decline participation, inappropriate completion of  the study 
questionnaire, presence of  any metabolic syndrome clusters or 
on medication for any of  the metabolic syndrome, concomitant 
exposure to other solvents besides paints, smoking, binge drinking 
of  alcohol, dehydration, dieting and suffering from any other 
debilitating disease. 

 Study design and experimental protocols were approved 
by the Institutional Human Ethics Committee and participants 
signed written informed consent. Participants were briefed about 
the study and participation was voluntary. They were also allowed 
to withdraw from participation at any stage of  the study. 

 The study was conducted according to the rules set forth 
in the Declaration of  Helsinki, governing the conduct of  human 
research.

Anthropometric Measures

Anthropometric indices measured in this study were weight (kg) 
and height (m) with light clothing and without shoes. Weight was 
measured using a portable weighing scale to the nearest 0.1 kg and 
height was measured using a height measuring tape to the nearest 
0.1 cm. All measurements were performed twice and the average of  
the two measurements was used. Body mass index was calculated 
from the formula BMI= weight (kg)/height2m2.

Biochemical Measures

Venous blood samples were obtained from all participants for 
biochemical analysis including renal, hepatic and hematological 
evaluations. 

 Renal indices measured included electrolytes (potassium 
(K+), sodium (Na+), and chloride (Cl-)). Others were serum 
creatinine (Cr), urea (Ur) and uric acid (UA) levels. Serum Na+ 
and K+ were measured using flame photometer, while serum Cr 
levels were assessed according to Jaffe Kinetic method as described 
elsewhere.1 Serum liver enzymes (Alanine aminotransferase (ALT), 
Aspartate aminotransferase (AST), Alkaline phosphatase (ALP) 
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and bilirubin total and conjugated) were also measured.

 Hematological indices measured included packed 
cell volume (PCV), hemoglobin concentration (Hb), Total red 
blood cell (RBC-total), Mean cell hemoglobin (MCH), Mean cell 
hemoglobin concentration (MCHC) white blood cell (WBC)-total 
and differentials and platelets. Measurements were carried out 
within 2 hrs of  blood sample collection using the SYSMEX KX-
21 Automated Haematology Analyzer (Kobe, Japan).

 All measurements were done using standard methods 
and the quality assurance was strictly complied with. eGFR was 
calculated using Modification of  Diet in Renal Disease (MDRD) 
and Cockroft and Gault Equations as follows:

MDRD Equation:

eGFR (mL/minute)=186×(Plasma Creatinine-1.154)×Age-0.203

multiply by 0.742 if  female

and 

multiply by 1.210 if  African/American

Cockroft-Gault Equation: 

                       140-age(years)× weight (kg)
eGFR (mL/minute)=
                          72×serum creatinine  

multiply by 0.85 if  female

STATISTICAL ANALYSIS

The hepato-renal and hematological indices of  the participants 
(exposed and unexposed) were computed, and results expressed as 
mean±standard deviation (SD). Significant differences in hepato-
renal and hematological indices between groups were established 
using independent t-test with p<0.05 level of  significance. 
Computations of  results were done using Statistical Package for 
Social Sciences (SPSS) version 22.0, while graphical representations 
of  results were done throughout using graph pad Prism.
 
RESULTS

The socio-demographic characteristics of  the 97 participants 
showed that 49 (50.5%) were occupationally exposed to paint fumes 
while 48 (49.5%) were not exposed. Of  the exposed participants, 
36.7% were married, 55.1% were single while 8.2% were divorced. 
Most of  the exposed participants (52.1%) were aged between 26 
and 35 years, worked for 5-10 years, and had secondary level of  
education (77.6%). Socio-demographic variables of  the exposed 
participants were not significantly different from those of  the 
unexposed participants (Table 1). 

 Also, average weight of  exposed participants was 67.59 
±3.42 kg, mean height was 1.65±6.98 m and mean BMI was 
24.83±6.43 (Table 2).

 Table 3 shows significant (p<0.05 or p<0.01) differences 
in some serum biochemical indices of  renal function between the 
exposed and unexposed participants including serum K+ which 
significantly (p<0.01) decreased in the exposed group compared to 
level in the unexposed group. Also, serum Na+ level significantly 
(p<0.05) increased in the exposed compared to level in the 
unexposed group.

10

Table 1. Socio-Demographic Characteristics of Study Participants

Socio-Demographic 
Variables 

Exposed  
(49)

Unexposed 
(48) Total p-value

Marital Status

Married 18 (36.7) 21 (43.8) 39 (40.2)

0.618Single 27 (55.1) 25 (52.1) 52 (53.6)

Divorced  04 (8.2) 02 (4.2) 6 (6.2)

Age (years)

18-25 15 (30.6) 18 (37.5) 33 (34.0)

0.720

26-35 27 (55.1) 25 (52.1) 52 (33.6)

36-45 04 (8.2) 04 (8.3) 8 (8.2)

>45 03 (6.1) 01 (2.1) 4 (4.1)

Mean Age 27.45 years 27.02 years

Duration on the Job

5-10 years 38 (77.6) 33 (66.8) 71 (73.2)
0.454

>10 years 11 (22.4) 14 (31.2) 26 (26.8)

Educational Level

Primary 02 (4.1) 01 (2.1) 3 (3.1)

0.152Secondary 38 (77.6) 44 (91.7) 82 (84.5)

Tertiary 09 (18.4) 03 (6.2) 12 (12.4)

Table 2. Anthropometric Indices 

Adiposity 
Indices Exposed Unexposed p-value

Weight (Kg) 67.59±3.42 66.89±5.26 0.4381

Height (m2) 1.65±6.96 1.66±0.88 0.9575

BMI (Kg/h2m2) 24.83±6.43 24.27±8.01 0.7047

Table 3. Serum Biochemical Indices of Renal Function

Adiposity Indices Exposed Unexposed p-value

Na+ (mmol/L) 144.27±6.48 140.70±4.11 0.034*

K+ (mmol/L) 3.32±0.25 4.36±0.07 0.0001**

Cl  (mmol/L) 99.90±3.95 100.55±4.30 0.378

Glucose (mmol/L) 6.33±1.22 6.39±1.31 0.8159

Uric Acid (mmol/L) 7.89±0.95 6.92±1.02 0.0001**

pH 7.35±1.08 7.39±1.12 0.8583

Values are reported as Mean±Standard deviation (SD).
*Significant at 5% (p<0.05), **Significant at 1% (p<0.01)
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 Furthermore, chronic exposure to paint fumes was 
associated with a significant increase (p<0.05) in serum levels 
of  hepatic enzymes (ALT, AST, ALP), total bilirubin and un-
conjugated bilirubin compared to levels in the unexposed group 
(Table 4).

 Table 5 shows that there were significant (p<0.05) 
decreases in some hematological indices including packed cell 
volume (PCV) and total red blood cells (RBC) compared to levels 
in the unexposed group. However, MCH significantly (p<0.05) 
increased in the exposed compared to levels in the unexposed 
group. 

 Figure 1 shows that serum Cr was significantly (p<0.01) 
increased in the exposed than unexposed group, whereas eGFR 
using G-C and modification of  diet in renal disease (MDRD) 
equations were significantly (p<0.01) lower in the exposed than 
unexposed group (Figure 2).

 Serum UA and Ur were significantly (p<0.01) higher in 
the exposed compared to levels in the unexposed group (Figure 3).

 Total basophil and neutrophil count significantly (p<0.01) 
decreased in the exposed than unexposed group (Figure 4). Total 
lymphocyte counts significantly (p<0.01) increased in the exposed 
than unexposed group whereas total monocyte counts significantly 
(p<0.01)decreased in exposed than unexposed (Group 5).

Table 4. Liver Function Indices of Exposed and Unexposed Participants 

Variables Alanine Exposed Unexposed p-value

Alamine Amino transferase 
(ALT) (µ/L)

21.73±14.69 5.70±2.49 <0.001**

Aspartate Amino transferase 
(AST) (µ/L)

29.82±14.64 6.80±1.20 <0.001**

Alkaline Phosphatas (ALP) (µ/L) 110.37±27.02 56.15±15.29 <0.0001**

Bilirubin Total (µmol/L) 14.42±7.5 10.26±4.00 0.028*

Conjugated (µmol/L) 5.96±3.14 6.42±8.54 0.787

Unconjugated (µmol/L) 8.53±5.43 5.73±3.11 0.042

Values are reported as Mean±Standard deviation (SD).
*Significant at 5% (p<0.05), **Significant at 1% (p<0.01)

Table 5. Hematological Indices of Exposed and Unexposed Participants 

Variables Alanine Exposed Unexposed p-value

PCV (1%) 41.63±3.26 43.85±3.00 0.019*

WBC-Total (x109/L) 5.22±1.20 5.73±0.91 0.195

RBC-Total (x1012/L) 4.69±0.53 5.02±0.25 0.014*

Platelet (x109/L) 153.10±15.70 156.25±13.13 0.463

MCHC (g/dL) 33.48±1.62 31.75±1.37 0.350

MCV (fl) 90.10±12.64 87.35±3.75 0.350

MCH (pg) 30.00±3.92 27.65±1.50 0.014*

Basophil (%) 0.18±0.39 0.51±0.49 0.009**

Values are reported as Mean±Standard deviation (SD).
*Significant at 5% (p<0.05), **Significant at 1% (p<0.01)

Figure 1. Effect of Paint Fumes on Serum Creatinine Concentration

Figure 2. Effect of Paint Fumes on Estimated Glomerular Filtration Rate

Figure 3. Effect of Paint Fumes on Serum Uric Acid and Urea Concentration

Figure 4. Effect of Paint Fumes on Total Basophil and Neutrophil Counts
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DISCUSSION

Results of  the present study showed that prolonged exposure to 
paint fumes could be detrimental to hepato-renal endpoints and 
hematopoietic functions.

 Evidences supporting this notion are three fold; 
first, the observed significant alterations in renal indices in the 
exposed compared to levels in the unexposed group, including 
the significant increase in mean serum Na+, Cr, UA and Ur levels 
and significant decrease in mean serum levels of  K+ and eGFR in 
exposed compared to levels in the unexposed group; second, the 
significant increase in mean serum levels of  hepatic enzymes (ALT, 
AST, ALP), total bilirubin and un-conjugated bilirubin; third, the 
significant derangements in several hematological indices in the 
exposed compared with the unexposed participants.

 The above findings are consistent with previous studies 
that showed that prolonged exposures to environmental/
occupational solvents are important contributors to the rising 
incidences of  hepato-renal and hematologic disorders in the 
general population.3

 Paint is a mixture of  pigments (white lead, venetian 
red, zinc, chromate, etc.) and solvents (gasoline, turpentine and 
coal hydrocarbons). These substances have been shown to have 
demonstrable nephrotoxic,4 hepatotoxic5 and hematotoxic6 
effects similar to the results of  the present study. Accordingly, 
Al-Ghamdi,7 studied the kidney function of  car painters who had 
prolonged exposure to paint fumes and found a significant higher 
mean serum value of  Cr, Ur and UA than levels in the unexposed 
groups.

 Ravnskov4 and Alsuwaida8 provided strong evidences 
for the association between prolonged exposure to solvents and 
nephrotoxicity. Their study findings were in good agreement with 
recent findings demonstrating solvent-induced decrease in eGFR, 
azotemia, electrolyte abnormalities and hematotoxicity.1 Likewise 
a recent study that showed significant increases in serum levels of  
liver enzymes, including AST, ALT, ALP, total bilirubin and marked 

histo-morphological changes following prolonged exposure to 
solvent.9 Also, evidence of  increased lipid peroxidation (raised 
serum MDA) was reported.

 Similar to findings of  the present study, a plethora of  
research shows significant correlation between exposure to 
solvents and hematotoxicity.10-12 Although largely hypothetical, a 
consideration of  existing research findings suggest a number of  
pathophysiological mechanisms underlying the adverse hepato-
renal effects of  solvents (e.g., paints and constituents), including 
the generation of  reactive oxygen species (ROS) following 
their breakdown to reactive metabolites by Cytochrome P450 
monoxygenase and beta-lyase mediated pathways and subsequent 
interaction of  ROS with renal tissues to cause damage to renal 
glomerules, tubular epithelial cells, and macromolecules such as 
sodium/potassium/adenosine triphosphatase (Na+/K+/ATPase) 
and alter their activities with a resultant renal injury.13 

 Na+/K+/ATPase is an enzyme involves in electrolyte and 
water homeostasis. It regulates serum Na+, K+ and Cl by pumping 
3 Na+ out of  the cell for every K+ pumped into the cell, hence 
it’s regarded as a 3 ion co-transport system. Available evidence 
suggests that this enzyme is inhibited by metabolites from solvent 
constituents and leading to altered electrolytes, water and acid-base 
homeostasis including increased serum Na+ and decreased serum 
K+ as observed in the present study. 

 Reactive metabolites from paints and other solvents can 
also cause physiochemical damage to the glomerular membrane 
and tubules due to their high lipophilicity.7 

 Such damage has been shown to alter the functional 
integrity of  the membrane, impairs Na+/K+/ATPase activity and 
several other enzymes involved in ionic and acid-base balance. Also, 
associated tubular damage can cause tubular dysfunction, impairs 
renal excretory function, macula densa cell signaling mechanisms, 
renal hemo-dynamics/autoregulation and poor handling of  
metabolic waste products with a resultant increase in serum Cr, Ur 
and UA as observed in the present study.

 Likewise, glomerular damage could interfer with dynamics 
of  glomerular filtration and ultimately leading to decrease GFR as 
observed in the present study.

 Induction of  OS by metabolites from paints has also 
been reported to cause disruption of  the immune system and 
induced inflammation. There is associated auto-immunity, T-cell 
dysfunction, suppression of  immune function, increased post-
glomerular resistance and decreased GFR following exposure 
to solvents as reported previously.13 At this point time, it should 
be noted that solvent-induced kidney injury is not an isolated 
process, evidence has been garnered suggesting that solvent-
induced kidney injury could be extended to cause the dysfunction 
of  other remote organs such as the liver, blood cells, heart, lungs, 
intestines and brain via a pro-inflammatory mechanism mediated 
by inflammatory mediators such as neutrophil cell migration and 
cytokine expression and increased oxidative stress.14 This can 

Figure 5. Effect of Exposure to Paint Fumes on Total Lymphocyte and Monocyte Counts
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partly explain the associated hepatic and hematological disorders 
including cirrhosis, hepatitis, necrotic inflammatory hepatitis, 
cholestatic liver disorders, anemia, leukocytosis, luekopenia and 
changes in liver enzymes reported previously in solvent exposed 
workers (AST, ALT, ALP),5 and some of  which are observed in the 
present study. These findings are consistent with data of  Golab et 
al,15 White et al16 and Lane et al17 who independently demonstrated 
hepatic dysfunction as a consequence of  acute kidney injury. 
The hematological profile of  the exposed subjects showed that 
there were significant decreases in the erythropoiesis modulated 
hemocytic variables (PCV, total RBC, MCHC, MCH and MCV), 
total WBC, acute inflammatory cells (neutrophils, basophils and 
monocytes) and platelets, whereas a significant increase was found 
in the level of  chronic inflammatory cells (Lymphocytes). These 
findings indicate that induction of  chronic inflammation could 
serve as one of  the pathophysiologic mechanisms of  paints-
induced hemato-toxicity. Other mechanisms of  solvent-induced 
hepatic and hematologic disorders include induction of  cellular 
degeneration and down regulation of  gene expression.

CONCLUSION

Results of  the present study suggest that prolonged exposure to 
paint fumes may be associated with a significant risk for hepato-
renal dysfunction and blood cell disorders. 

 Preventive measures should include limiting exposure 
and using antioxidant medications. Pre-employment evaluation 
of  renal and hepatic functions should be conducted and repeated 
periodically in potentially exposed and the already exposed workers 
since some paint constituents have been shown to initiate hepato-
renal injury and hematotoxicity or worsen extant hepato-renal 
function impairment or both.4,18
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ABSTRACT
Transcriptomics has allowed for a better understanding of  disease, and the sequencing of  individual genes is becoming a leading 
approach to discovering novel germ lines. A newly defined cell type, described as transitional cells, was characterized based on 
their expression of  key marker genes that define principle cells (PC) and intercalated cells (IC). Gene expression patterns sug-
gested that a Notch signaling pathway was activated during the transition from IC to PC. An experimental model studying the 
transition in an inducible transgenic mouse demonstrated that Notch signaling and receptor expression is sufficient to drive cell 
transition in differentiated adult kidney collecting tubule. The identification of  novel cell lines allows for a more accurate diagnosis 
of  kidney disease and precise staging of  disease. Molecular profiling and precision therapy will continue to revolutionize the field 
of  medicine and warrants further exploration.
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Transcriptomics; Kidney disease; Principle cell; Intercalated cell; Notch signaling; Gene sequencing.

Abbreviations 
PC: Principle cell; IC: Intercalated cell, DNA: Deoxyribonucleic acid; RNA: Ribonucleic acid; mRNA: Messenger ribonucleic acid.

BACKGROUND

Molecular profiling is the screening of  molecules to identify 
deoxyribonucleic acid (DNA), ribonucleic acid (RNA) and 

protein. Over the last 45-years, gene sequencing has become a key 
technology in many areas of  biology and other sciences including 
medicine. The advent of  rapid DNA, RNA and protein sequencing 
methods has greatly accelerated biological and medical research 
and discovery.1,2 Its application to medicine continues to help fur-
ther elucidate the biological nature of  disease processes and pro-
vides a better understanding of  genetic diseases by allowing for an 
‘up close’ look at the genomic signature or fingerprint of  diseases.

 The advent of  technology, such as transcriptomics, has 
allowed for a better understanding and a more precise definition 
of  disease.3,4 This has shifted focus to specific pathways and the 
genomic effects of  disease processes. Transcriptomics has made 
it possible to better predict prognosis and tailor care providers’ 
approach to treatment.5,6,7 Molecular profiling has great potential. 
It has permitted targeted therapy to become the mainstay of  
standard of  care, in many cases, resulting in statistical differences 
in patient morbidity and mortality. 

 Transcriptomics can predict lineage ‘trajectories’, 
however, the results do not necessarily reflect genetic relationships. 
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Therefore, techniques such as ‘lineage tracing’ are used to further 
describe single-cell genetic lineage. Lineage tracing uses a single 
cell marker to delineate all progeny produced by a single cell. 
The information provided is essential for understanding tissue 
heterogeneity within a given cell population and allows for greater 
interpretation of  tissue disease and development.8

 Sequencing individual genes, gene regions, or sets of  
genes, is becoming the leading approach to screening known or 
discovering novel germ lines and somatic mutations in focused 
areas of  the genome.6,7 This article focuses on kidney disease and 
describes how our understanding of  kidney disease pathogenesis 
has been limited by an incomplete molecular characterization of  
the cell types responsible for the organ’s multiple homeostatic 
functions.9,10

 This review was initiated in an attempt to identify, 
characterize, and discuss literature supporting clinically relevant 
molecular markers and interventions. The efficacy of  targeting 
specific markers will be examined with data from clinical trials 
focusing on treatments for different disease process. Herein, we 
review the application of  single-cell transcriptomics on mouse 
kidneys and briefly describe how its application has the potential 
to elucidate and provide a better understanding of  cellular function 
and disease patterns.

Identification of a Novel Cell Type Using Fluorescent Staining and 
Lineage Tracing

There are at least two distinct tubule epithelial cells within 
the collecting duct of  the kidney, the principle cells (PC) and 
intercalated cells (IC). These cells play important roles in fluid 
and electrolyte balance and acid-base homeostasis respectively.11 

ICs can be further subdivided to alpha and beta-ICs. Alpha-ICs 
have an apical H+ ATPase and basolateral chloride-bicarbonate 
exchanger; whereas beta-ICs have a basolateral proton ATPase and 
apical chloride-anion exchanger pendrin. 

 Studies have suggested that certain epithelial cells such 
as beta-ICs are not static. Rather, certain factors that alter cellular 
biology are known to remodel cells as a way of  adapting to stressors. 
Schwartz et al demonstrated that changes in acid-base homeostasis-
in particular metabolic acidosis can convert beta-ICs to alpha-
ICs. The other researchers have evaluated cellular plasticity with 
hopes of  determining whether a common intermediate epithelium 
element exists.12

 A newly defined cell type, described as transitional cells, 
was characterized by Park et al.9 They discovered that these cells 
expressed key marker genes that define PC (AQP2, Aquaporin 2) 
and IC cells (ATP6V1G3, H+-ATPase) in addition to cell type-
specific markers such as Parm1 and Section 23b (Figure 1).

 They confirmed their existence through double 
immunofluorescence staining and in situ hybridization using gene 
specific probes in mice. The expression of  low stress response 
and cell cycle genes were monitored to ensure that the newly 

discovered cells were not ‘miss labeled’ as proliferating progenitor 
cells, injured cells or artifact. Follow-up with in vivo lineage tracing 
experiments was used to confirm that intercalated cells and 
principal cells have the ability to interconvert by means of  the 
newly identified transitional cell type. This discovery prompted 
further investigation into the transitional cell type, specifically their 
plasticity and the influencers of  cellular transition.

Cellular Plasticity as a Result of Notch Ligands and Receptors

To further investigate collecting duct cell plasticity, the researchers 
identified genes with variable expression levels during cellular 
transitions. Gene expression patterns suggested that Notch signaling 
pathway was activated during the transition from intercalated cells 
to principal cells (Figure 2). They devised an experimental model to 
study the IC to PC transition using an inducible transgenic mouse. 
Their results demonstrated that Notch signaling and receptor 
expression is sufficient to drive cell transition in differentiated adult 
kidney collecting tubule. Furthermore, they examined whether 
there is increased Notch expression in kidney disease states by 
analyzing the relative numbers of  PC and IC cells after inducing 
chronic kidney disease in a mouse model. Computational and gene 
expression analysis was consistent with an increased shift of  IC to 

Figure 1. Heatmap Showing the Expression Level of Differentially Expressed 
Genes in Collecting Duct Cell Types. Color scheme is Based on Z-score Distribution.

Figure 2. Transcriptional Profiles Demonstrating the Spectrum of Expression of 
Notch Genes in the Collecting Duct. Cells are Ordered in Pseudotime and Color 
Represents Expression Levels
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PC cells in the diseased tissue samples. Furthermore, the increased 
IC to PC transition was found to be a likely cause of  metabolic 
acidosis in diseased kidney states, a consequence from the shift 
toward the PC cell fate.

DISCUSSION

The research performed by Park et al, complements previous 
work where single-cell RNA sequencing was used in mice to 
identify transcriptomes for the major collecting duct cell types.9 In 
contrast to identifying a novel cell type, Chen et al demonstrated 
considerable heterogeneity within each of  the three cell types in 
the kidney collecting tubule. They speculated that transcription 
of  cell type-specific markers is not a static event and therefore 
messenger ribonucleic acid (mRNA) coding in individual cell types 
may have varying degrees of  expressivity.13,14 However, similarly, 
they found cells that express transcripts known to be specific to 
other cell types. At the time of  their study, they classified these cells 
as hybrid IC/PCs.15 Therefore, it is possible that their discovery 
of  ‘hybrid cells’ is consistent with the ‘transitional cell’ described 
by Park et al. The data gathered allows for the identification of  
genes that are expressed selectively in different cell types. The data 
from studies experimenting with single-cell RNA sequencing is 
useful for a variety of  applications including potential drug targets, 
understanding of  kidney physiology, kidney disease pathogenesis, 
and tracing genetic disease of  the kidney to a single cell type.

 The plasticity of  the renal epithelial cells has been 
explored in renal healing mechanisms in response to acute kidney 
injury (AKI).14,16 As previously mentioned, Park et al demonstrated 
that diseased tissue samples showed a higher ratio of  PC to IC cells 
as a result of  variable gene expression.9 In a study by Trepiccione 
et al12 the cellular plasticity in the collecting duct during recovery 
from lithium-induced injury was examined. They too identified a 
novel cell type positive for both IC and PC cell markers on average 
six days after lithium washout. They suggest that these cells drive 
the reversal of  cellular change seen during the recovery period of  
Li+-induced nephrogenic diabetes insipidus and could represent 
a transition element in the conversion of  IC’s into PC’s.12 The 
physiological role and developmental significance of  these new 
cells remains to be fully determined and may be the subject of  
future research.

CONCLUSION

Molecular profiling and precision therapy are revolutionizing 
the field of  medicine. Single-cell transcriptomics of  the mouse 
kidney revealed potential cellular targets of  kidney disease. The 
application of  sequencing technology led to the identification 
of  cell-type specific markers along with novel cell types and led 
to the uncovering of  unexpected cell plasticity.4 This targeted 
approach has potential for many benefits. The identification 
of  novel cell lines allows for a more accurate understanding of  
kidney physiology and the diagnosis of  kidney disease and precise 
staging of  disease.17,18 Through the use of  technologies such as 
immunohistochemical analysis, long-standing biophysical questions 
have been answered by the discovery of  protein complexes.19-22 

Park et al utilized computational cell trajectory analysis and in vivo 
lineage tracing and revealed that intercalated cells and principal 
cells undergo transitions mediated by the Notch signaling pathway, 
which were shifted toward a principal cell fate and were associated 
with metabolic acidosis.9

 The continued application of  resources and research 
in understanding the biochemical environment and cellular 
mechanisms has allowed for a more thorough understanding 
of  normal kidney function and disease development. Molecular 
profiling and precision therapy have the potential for enhancement 
in effective therapy for a precise subset of  patients, whom stand to 
benefit the most.
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