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Exploratory G1S-based Mapping and Analysis of Chronic Kidney
Disease incidences in Gashua town, Yobe State, Nigeria.

ABSTRACT

Northern Yobe State, particularly Gashua town, has been known as a hotspot of chronic
kidney disease of unknown origin for decades. Little is known about the spatial epidemiology
of the disease in the area. Therefore, this study is aimed at understanding the spatial
dimension of the disease so as to ease the efforts of scouting the disease etiology, which is
still unknown. To achieve the study aim, a community-centric approach was used in which a
multi-stage purposive sampling method was employed to select the study area (Gashua
town) in northern Yobe. The Yobe State Geographic Information Services (YOGIS)'s House
Enumeration Area for the 2020 DLI 11.3 project was purposely adopted as spatial units for
the data collection. Snow-balling sampling technique was used in surveying the disease
incidences in the community. The survey lasted for three months, and 1,855 cases (including
both morbidity and mortality incidences) were collected out of which 630 medically confirmed
cases were sorted for the analysis. Android-based Kobotoolbox and QField app were used
during the data collection exercise. Global Moran’s 1 index of Arcgis Pro 2.4 was used to
analyze the spatial distribution patterns of the disease incidences using 250-meter
hexagonal tessellation surfaces. Standard deviation and dot-size thematic data classification
were used in analyzing the disease incidences. Findings reveal statistically significant CKD
hotspots with a p-value (significant value) of 0.01 and a z-value (critical value) of 2.58,
indicating a high degree of incidence clustering in locales such as Zango (29.68%), Sabon-
Gari (27.14%), Lawan Fannami (19.2%) and Lawan Musa (12.86%), respectively. The CKD
prevalence is largely among 15-75 year-old men. The 33% of the CKD victims’ households
reported their incidences as “undefined kidney disease”, while only 4% reported their cases
as ‘Diabetic Kidney Disease’. Accordingly, 46.3% of the victims' households suspect drinking
water as the potential risk factor for the disease. However, further investigation in the
identified hotspots is recommended to understand people’s lifestyles, biomedical
characteristics and drinking water quality. This study simply provides a bird's-eye view of
community-based prevalence mapping of chronic kidney disease incidences (including
morbidities and mortalities). Overall, findings derived from this study will guide subsequent
investigations as it has highlighted the hotspots for the disease in the area.

Keywords: Kidney Disease, Clustering, Spatial Autocorrelation, CKDu, Bade, Disease
mapping, Tessellation, Disease Mapping, spatial epidemiology.

1. INTRODUCTION

Chronic Kidney Disease (CKD) has appeared as a serious non-contagious public health
problem globally with a variety of known and unknown aetiologies [1, 2]. Since the beginning
of the 20th century, there has been a persistent increase in the incidence of chronic kidney
disease among patients who have no known risk factors [1]. Chronic kidney disease (CKD)
is a medical condition associated with a gradual decrease in kidney function over time or




structural damage of human kidneys, causing a high rate of morbidity and mortality among
population [3]. CKD has known and unknown risk factors, and the known traditional risk
factors are diabetes, hypertension, obesity, family history of CKD, smoking, genetic kidney
disorders, urinary tract infection (UTI), and old age, which have all been reported in the
literature [4,5,6].

However, apart from the known aetiologies responsible for the disease, heavy metal
exposures [7], as well as heat stress [8], and frequent use of agrochemicals such as
residues of glyphosate and Paraguat [9], were all highlighted as potential risk factors that
cause the disease. Similarly, prolonged exposure to contaminated drinking water with
fluoride [10, 11] has all been reported in the literature as a potential driver of CKD. For
example, [12]. Observed that regions with higher Water Quality Index (WQI) values.in Sri
Lanka were found to overlap with the CKDU prevalent areas. Similarly, [13],indicated, that
prolonged exposure to nephrotoxic heavy metals and water hardness during=a person’s
lifetime can cause kidney function decline.

According to [14], and [15], they both highlighted that exposure to nephrotoxic elements
such as arsenic, lead, cadmium, fluoride, and mercury are the mast widely reported drivers
of CKD. The exposure pathways to such toxins may be via contamination of drinking water,
food resources, and occupational exposures, as highlighted. by [16], and [4]. As reported
across many regions of the world, in Nigeria, high cases of CKD are emerging across
different regions of the country. Despite the large population.size of Nigeria with over 200
million peoples, the spatial epidemiology of the emerging CKD is still not known. There is no
reliable national data on the disease, and only a-few community-centric studies were carried
out in some locales. Given the high prevalence as well as the low awareness of CKD among
the population, it becomes inevitably necessary for Nigeria to be conducting research to
explore the actual aetiology of CKD among the population. Disease mapping is the initial
stage towards uncovering the disease etiology.as the disease endemic areas could be
discovered, as exemplified by the study of [17] conducted in California.

Notably, a preliminary investigation indicated that there have been high cases of Chronic
Kidney Disease of Unknown Sources (CKDu) in northeastern Nigeria, particularly in the
farming communities along the banks of the river Komadugu-Yobe. In the area, there have
been high activities of paddy cultivation and farmers frequently use agrochemicals such as
pesticides, herbicides and synthetic fertilizers (32), thus exposure to the chemicals might
likely be the cause of the disease progression. Various efforts have been made in the past
by the local authorities in partnership with the State government and some tertiary
institutions to actually look at what could be the actual aetiology for the disease in the region.

According International Centre for Investigative Reporting (31) recently reported that nearly
“120 to 150 people die of chronic kidney disease in Gashu’'a Local Government Area
annually”. The persistent occurrence of the disease suggests that some environmental
factors may be the cause of the disease, and this has been highlighted by the recent study
of (18) which discovered the prevalence of the disease among patients with and without
traditional risk factors in the area. Many residents from the area are diagnosed with severe
CKD of unknown aetiology in the region (18).

Although many preliminary studies on the suspected risk factors were carried out by different
researchers in the study region. Similarly, the great majority of the preliminary studies
implicated exposure to heavy metals via water and food resources as potential risk factors
for the disease [6, 19, 20, 21]. The previous investigations assessed the concentration of
heavy metals/elements such as As, Cd, Cr, Pb, and Zn in both drinking water and food
resources in the area. Their findings indicated that concentrations of various elements such



as arsenic, cadmium, lead, chromium, and so on exceeded benchmark standards. Though,
no scientific link has been established actually between the disease and the reported risk
factors. This calls for urgent investigation into the aetiology of the disease in the region.

However, despite the previous efforts, research into the spatial occurrence of the disease
incidences has not yet received any attention in the area. As such, scouting the potential
suspected risk factors’ have become a challenging task in the region. According to [22]
understanding disease’s spatial dimension are essential when considering the control of any
infectious diseases. Recent development of modern computing such as Geographical
Information Systems (GIS) and its related technologies greatly offer health authorities more
spatially-explicit information, such as the disease hotspots locations as well as the range and
direction of disease spreading. Therefore, to identify the risk factors associated with disease,
spatial occurrence of the disease need to be understood first.

Geographic information systems (GIS) and its analytical techniques appeared to be powerful
technology that helps in understanding spatial dimension of disease:epidemics [17, 23].
Disease mapping has its root from the work of John Snow’s cholera death mapping in the
mid-nineteenth century. GIS-based mapping provides accurate tools to determine the spatial
distribution and variation of diseases, and their prevalence and incidence. [13] Highlighted
that geospatial analysis could identify a disease cluster within a region where CKDu
occurrences are significantly higher. GIS has been effectively deployed and used in the risk
factor assessment of many non-contagious diseases; such .as chronic kidney diseases as
reported in the works of [23, 24, 25].

This study aimed at applying a community-centric approach using GIS technology to explore
the spatial distribution of CKD incidences in Bade Local Government Area, Yobe State.
Therefore, the study will provide information on the geographical distribution of the
incidences (morbidity and mortality incidences), .the characteristics of the CKD victims, as
well as the potential risk factors suspected by the affected households.



2. METERIALS AND METHOD
2.1 GEOGRAPHICAL BACKGROUND OF THE STUDY AREA

Bade is a local government area in Yobe state, north eastern Nigeria and it is located
geographically at latitude 12°52'25.12"n and longitude 11° 2'49.94"e respectively. It shares
borders with Nguru local government area to the north and Bursari and Jakusko to the east
and west respectively.
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Figure 1. The location of Gashua town in Yobe State, Nigeria

The area has an average elevation of about 370-meter above sea level. The geology of the
area is consistent with the general geological settings of the Lake Chad region. The
materials that made up of the geological settings of the area could be categorized basically
into three: a) Crystalline Basement Complex of Pre-Cambrian age; b) sedimentary Chad
Formation of Tertiary and Quaternary age; and c) alluvium and aeolian sands of Quaternary
age as reported by [26].

Bade Local Government Area is situated at the convergence of the Hadeija and Jama’are
rivers, and this forms Yobe River. Later, the Yobe River empty into the Kumadugu-Gana



River at Damasak and finally join Lake Chad. This huge river system serves as the main
source of water for both domestic and agricultural needs, as well as providing fish for most of
the communities in the area. It is the presence of the river system plus the fertile loamy-clay
and silty soils that promote paddy rice cultivation in the area, a practice that serves as a
means of livelihood for the local population. Generally, the region is typically an agrarian
zone, and the local population has predominantly engaged in farming and fishing for
decades due to the availability of numerous open and ground waters. Such waters are
sometimes found at very shallow depths, especially in the floodplains.

The climate of the area is typically tropical, with clear wet and dry seasons like any other part
of northern Nigeria. According to [27], three distinct seasons have recently been observed
and classified in the study area, namely hot-dry, warm moist, and cold-dry seasons::The hot-
dry season is set between April-June, while the warm-moist season begins_ duly—September,
and the cold-dry season starts in December and terminates in February..The: average
temperature of Gashua is 430) C, and it fluctuates from season to season. The area receives
an average annual rainfall of 300 to 600 mm, and drought mostly characterizes the rainfall.
Figure 1 presents the map of the study region, the hotspot of CKBu in Yobe State, Nigeria.

2.2 Research Design

In this study, a community-based survey of chronic kidney disease incidences was carried
out to simply understand the geographical distribution and characteristics of the victims in
northern Yobe, State, particularly Gashua town. The survey, considered both CKD mortality
and morbidity incidences.

2.2.1 Data Collection procedure and sampling technique

In selecting the study area of Gashua town;<a multi-stage purposive random sampling
technique was applied where, from Northern Yobe State, Gashua town was purposely
selected. The Yobe State Geographic Information Service’'s House Enumeration Area (EA)
for 2020 DLI 11.3 project was purposely selected as spatial units for the data collection as
shown in Figure 3. The reason for this decision was borne out of the fact that the Bade
community, specifically?!Gashua Town, has been a hotspot of Chronic Kidney Disease of
Unknown Source (CKDu) for overthree decades.
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Figure 2. The Methodology Flow Chart

For the data collection exercise, twelve (12) research assistants were recruited and trained
on the use of Kobotoolbox application. Equally, a number of enumeration areas (EAs) were
assigned to each of the research assistants so as to avoid duplication in the data collection
exercise: Qfield Android application was used by the research assistant to navigate into their
assigned EAs using the QField’s location canvas.

While for the CKD incidences data collection, snowball sampling approach was used to
survey the CKD incidences from households. The questionnaire designed for the data
collection has two sections. Section (1) captures the details of the participants from the
households who supplies information about the household CKD incidents, while the second
section specifically captures the details of the CKD victim(s) in the household, and the final
guestion in the form captures the geographic coordinates of the CKD victim’s household.
During the field survey, ward heads, neighborhood heads, and community members were
used as informants while targeting the CKD victims' households. The first CKD victim
household was chosen in Lawan-Fannami ward with the aid of the ward head. The survey
collected a total of 1,855 cases, (including both morbidity and mortality incidences), and 630
medically confirmed cases were sorted out and considered for the analysis. The shared




Kobotoolbox form online lasted only for three months (November—January), as well as the
field data collection exercise
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Figure 3. The YOGIS'S DLI 11.3 EA for the data collection

2.2.2. Data Analytical techniques

Injanalyzing'the data acquired, spatial autocorrelation (Global Moran’s 1) tool of ArcGIS Pro
2.4'was used to analyze the spatial distribution of the disease incidences across the study
area using 250-meter tessellated surfaces, as shown in Figure 5. Tessellation modelling in
GIS refers to a partitioning of geographic space into a number of mutually exclusive cells
that together make up the whole study space. For long, the use of tessellation model have
been adopted in mapping spatial distribution of diseases incidences (29, 30). The technique
was carried out to examine the spatial occurrence of the disease in the area. Figure 5,
present the regular 250m-hexagonal tessellated surfaces created using Arcgis pro 2.8
software. Analytical function of spatial join was run to join the 250m- hexagonal tessellated
surfaces and the disease incidents feature class based on their spatial location (Figure 2).
Geoprocessing spatial autocorrelation function (Global Moran's 1) of ArcGIS Pro was
applied on the joined datasets to measure the spatial intensity of the disease incidence



clustering in the area. The chart depicted in Figure 4, indicate the nature and intensity of the
clustering.

To further understand the geographical distribution of the disease incidences as well as the
magnitude of the incidences per unit area, a graduated symbol map using standard
deviation-based classification method was carried out in Arcgis Pro 2.8. For the CKD victim’s
characteristics, the descriptive statistics directly generated by the Kobotoolbox apps were
used in which pie charts, frequency and percentage tables, as well as graphs were used in
summarizing and visualizing the data.

3. RESULTS AND DISCUSSION

This section presents, describes and discusses the study results within the wider context of
the relevant literature.

3.1 SPATIAL DISTRIBUTION OF CKD INCIDENCE

The main aim of the study is to examine the geographical “distribution“of the disease
incidences as well as the victims’ characteristics in the study area. This will help to identify
the hotspot and coldspot of the disease so as to gain_a deeper.insight on the spatial
dimension of the disease. Figure 4 presents the statistics of the spatial distribution of CKD
incidences over the study area. It assesses whether the pattern discovered is clustered,
dispersed or randomized, and their associated index value statistics (z-score value and p-
value). According to the analytics, when P-value is statistically significant and the Z-value
remains positive, the dataset is more spatially clustered.

Moran's Index: 0.499538
Zz-score: 16.014633
p-value: 0.000000
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Figure 4. The Nature of the spatial distribution of the disease incidences in the area



Based on the graph presented above, and the map presented in Figure 5, it can be argued
that the geographical distribution of the disease is significantly clustered over the area. The
red circle areas are the resulting hotspots where the disease is so endemic. Neighborhoods
such as Zango, Sabon Gari, Lawan Fannami and Lawan Musa tend to have high CKD
cases, with a high degree of clustering of incidences, as shown in Figure 5. This finding
clearly rejects the null hypothesis that the spatial distribution of chronic kidney disease
incidences in Gashua town is random without any clustering. The incidence rates for the
endemic neighborhoods are: Zango (29.68%), Sabon-Gari (27.14%), Lawan Fannami
(19.2%) and Lawan Musa (12.86%), respectively (see, Appendix A). This also supports the
assertion of Lin and Wen (2022) that disease mapping techniques provide a reliable
approach to observe and describe disease patterns spatially.

As it can be seen in Figure 5, the analysis of the incidence was carried out based on the
standard deviation rather than just a mere thematic quantitative classification;, as done
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Figure 5. The hotspot mapping of the disease incidence (Morbidities and Mortalities cases).

traditionally. The standard deviation-based classification gives a more explicit result about
the pattern of a disease distribution. This thematic classification approach indicates how
much a feature's attribute value differs from the mean. The mean and standard deviation are
computed automatically in the classification. Therefore, as it can be seen in the legend of
Figure 5 "Standard Deviation", the cold-spots tend to have a low or negative standard
deviation, while the hot-spots have a high standard deviation, as depicted in Moran’s 1 graph



(Figure 4). Similarly, to have a clear view of the distribution patterns of disease incidences
per unit area of geographic space, a graduated symbol map was created, as presented
below in Figure 6. High and low CKD incidents areas are clearly portrayed using graduated
dot sizes. These areas could be identified for further analysis to deeply understand the
lifestyles and biomedical characteristics of residents’ households.

It can be argued that the observed clustering of the incidents may not be a coincidence;
there must be something that influenced the patterns in the area. Therefore, subsequent
investigation should choose the hotspot areas as data sampling grounds for the suspected
risk factors to establish the relationship between the diseases and other suspected
environmental factors. This is because, according to the recent study conducted in Sri Lanka
by [12], indicated that areas with a higher Water Quality Index (WQI) overlapped with CKDU
hotspots. In the same vein, [13] conducted a similar study in CKD hotspots in.Sri Lanka
which indicated that prolonged exposure to nephrotoxic heavy metals, and water. hardness
during a person’s lifetime can cause renal failure. Therefore, since drinking water guality is
one of the suspected risk factors responsible for CKD in the current studysarea, and the
locals are taking the water, a comprehensive investigation of ground:water quality (WQI)
should be conducted in the identified hotspots to ascertain the ‘water factor hypothesis. This
is essentially pertinent since the many of the CKD victims households suspect drinking water
for the disease (See, Figure 8).
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3.2. CHARACTERISTICS OF HOUSEHOLDS RESPONDENTS

Table 1 presents the household statuses of the respondents who provided the information
regarding the households CKD incidences. As shown in Table 1, about 47.6% of the
respondents were household heads. This indicates that the information obtained is reliably
accurate due to the fact that household heads are the one who are acquainted with all the
information required in the households and could effectively report the disease incidents. In
the absence of the household head, other members of the household considered for the
interview were the housewife or any other matured person in the household. Table 2
presents the age group of the respondents, and the essence of this is to confirm that the
information acquired are provided by matured personalities in the households. The majority
of the family members who have responded in the targeted households were these within
the age group of 35-45 years of age (35%), as well as those above 45 years.of age (54%)
(see Table 2). This indicates that all who participated in the survey were matured:individuals
who might have an in-depth knowledge of the disease occurrence in‘the area. This also
indicates that the data acquired are relatively accurate, as under-aged:population were not
participated in the survey.

Table 1. Statuses of the respondents in the CKD victims’ households

Respondent status Frequency Percentage (%)

Household Head 300 4762
Elder Brother 145 23.02
House wife 98 15.56
Family visitor 62 9.84
Elder sister 25 3.97

*Source: Fieldwork (2023)

Table 2. Age group of the respondents who provided the information for the victims’
households:

Age Group Percentage (%)
More then 45 Years 343 54.44
35-44 Years 222 35.24
20-34 Years 29 937
14-19 Years 6 0.95

*Source: Fieldwork (2023)



3.3 HOUSEHOLDS CKD INCIDENCES AND SUSPECTED RISK FACTORS

The chart depicted in Figure 8, presents the views of households regarding the type of CKD
that affected their household. It is worth noting that as higher as 33% of the households
considered their household CKD incidents as "undefined kidney disease,” while 21%
regarded their household case as ‘kidney stone’. In the same vein, 24% said ‘they had no
idea’ about the disease. Interestingly, these findings clearly corroborate the highlights put-
forwarded by [18] that chronic kidney disease of unknown origin has been“found to
contribute significantly to premature death among the population of Yobe State, and that the
disease is common among patients with and without known traditional risk factors such as
hypertension and diabetes. This may be one of the reasons why ‘Diabetic Kidney Disease"
was reported as low as 4% in the area households. This reveals-that CKDu contributes
significantly to the burden of CKD in Yobe State. The high prevalence of CKDU in this region
may suggest that the disease is environmentally induced in_the“region as speculated by
previous investigations. Thus, the disease could aptly be' classified ‘as chronic kidney
disease of known source (CKDu) since many of the victims’ households are confused about
what is actually behind the disease, and also plethora of preliminary studies conducted in the
region indicated that as well. To hold all factors equal;.the disease may be as a result of
many factors ranging from lifestyle and environmental factors or caused by a single factor
such as water as claimed by many.

B e ined Kidn ase [N | have no ides Kidney Stona Kidney Infection

Diabetic Kidney Disease I Simpbe Kidney Cysl

4%
5%

11%

21%

*Source: Fieldwork (2023)
Figure 7. Classification of CKD incidences for the surveyed households

3.4.THE SUSPECTED RISK FACTORS FOR THE DISEASE

Figure 4 depicts the responses of CKD victims’ households regarding the suspected risk
factors for the disease in the area. Nearly 47% of the residents’ households suspected
drinking untreated water to be a potential risk factor for the disease progression in the
region. 24% of the respondents suspected hoarded food, while 23% of them suspected drug
abuse to be risk factors for the disease progression in the region.
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Figure 8. The suspected risk factors for the disease according to CKD victims’ Households

The ‘water-factor’ hypothesis has been the most widely-suspected factor, though no
scientific conclusion has been drawn. However, the water factors could be partly believed
because preliminary investigations'reported.the presence of some heavy metals exceeding
standard benchmarks. [21]'s study conducted in the community could support the hypothesis
of ‘water factor’, as nephrotoxic heavy metals were detected in drinking water in some areas.
Nevertheless, analyzing the water alone may not give a clear picture of the actual etiology of
the disease. Unless all factors are thoroughly investigated in a more explicit way, other
factors should be rejected. This was how other related CKDu epidemics were addressed
around the world and atypical example is Sri Lanka Nephropathy.

Moreover, related studies conducted by [28] in CKDu hotspots in Sri Lanka found that areas
with high CKDu prevalence overlapped with groundwater-contaminated zones. Thus, in the
case of Northern'California, a comprehensive assessment of ground water needs to be
carried,out.to ascertain whether poor ground water quality plays a role in the progression of
the disease. Particularly, this should not be taken lightly since there are proliferation of wash
boreholes in the region. It is believed that residents take water from those boreholes, and
prolonged exposure to the water may impact kidneys, as water from shallow wells are
sometimes characterized with water impurities. Similarly, excessive taking of herbal
supplements and medications with reckless doses may also contribute to a decline in kidney
function. This aspect should also be particularly explored, as 24% of the surveyed
households viewed frequent use of herbal medicine as suspected risk factors for the disease
in the area (Figure 8).



Table 3. Age group of the CKD victims in the study area

Victims® Age Group Frequency Parentage (%)

iS5 Yo 75 3 TaBis

*Source: Analysis (2023)

Table 3 portrays the age group of the CKD victims in the study area. It can be seen that the
majority of those suffering overly from the disease are between the ages of 15-75, while
under 15 years of age were extremely low. This, similarly, corroborates the findings of [18],
which reported that the average of age of CKD patients in Northern Yobe ranges from 18 -75
years, with a mean of 44+16 years. The implication of the finding is that the disease may be
linked to environmental exposure to toxins in either water or food resources, as earlier
reported in preliminary investigations.

Additionally, the reason why ageing men appeared to have suffered more from the disease
may be connected to [13]'s discovery.that prolonged exposure to nephrotoxic heavy metals
and hard water during a person’s lifetime can cause kidney function decline. This may have
been the reasons for the disease progression in the area since several preliminary
investigations [19, 20, 21] reported concentration of heavy metals such as Arsenic,
Cadmium, Cromium and-Lead in drinking water and food resources in the area. Therefore,
in-depth investigation should be carried out to explore these perspectives.

CRITICAL REFLECTION

There are also-some drawbacks to consider in this study. First, all the data used in the study
were self-reported by resident households in the community, making them susceptible to
biasness and. subjectivity. Residents without a clinical diagnosis of kidney disease are less
likely ta know they have chronic kidney disease (CKD), leading to underreporting of the
disease incidence. On the other hand, residents with a diagnosed renal disease could refuse
toyprovide information due to fear of stigma. However, after the survey, the data collected
were-cautiously cleaned, and only medically confirmed CKD incidences were considered for
the mapping and analysis. Moreover, the time allocated for the survey (3 months) might
have been insufficient, and this might have significantly contributed to under-reporting of
incidences in the area. This might have equally affected data study. Despite these
limitations, the research is remarkably seen as a first step towards uncovering the disease’s
potential risk factor(s) since it highlighted the hotspots for the disease in the area.

CONCLUSION

This study simply provides a bird's-eye view of community-based prevalence mapping of
chronic kidney disease incidences (including morbidities and mortalities). The study adopted
a community-centric approach to identify and map the disease’s incidences rather than



hospital-based records. However, only medically confirmed CKD incidences were
considered in the analysis. The primary objective of the study is to explore the spatial
occurrence of the disease so as to detect clusters if they really exist. Findings from the
analysis reveal a number of statistically significant CKD hotspots with a p-value (significant
value) of 0.01 and a z-value (critical value) of 2.58, indicating a high degree of incidence
clustering in locales such as Zango (29.68%), Sabon Gari (27.14%), Lawan Fannami
(19.2%) and Lawan Musa (12.86%). The CKD prevalence are largely among 15 to 75 year-
old men. The majority of the surveyed households, amounting to 33% and 21%, reported
their CKD incidents as ‘undefined kidney disease" and "kidney stone disease”, while as low
as 4% reported their case as ‘Diabetic Kidney Disease' respectively. Therefore, the disease
could be best described as Chronic Kidney Disease of Unknown source ‘' (CKDu).
Accordingly, 46.3% of the victims' households suspect drinking water as the potential risk
factor for the disease. However, further study should be conducted in the identified hotspots
to understand the people’s lifestyles, biomedical characteristics and water quality.. Overall,
findings derived from this study will guide subsequent investigations.
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DEFINITIONS, ACRONYMS, ABBREVIATIONS

CKD: Chronic Kidney Disease

CKDu: Chronic Kidney Disease of Unknown source
YOGIS: Yobe State Geographic Information Service
DLI: Disbursement Link Indicators

ArcGIS: Arc Geographic Information System

QGIS: Quantum Geographic Information Systems
IBR: Institutional Based Research

TETFUND: Tertiary Education Fund

Appendix A
Distribution of CKD incidences across political wards and Neighborhoods
Wards/Neighborhoods Frequency Percentage (%)
Zango 187 2968
Sabongari 171 2714
Lawan Fannami 123 19.52
- Lawan Musa 81 12.86
Sarkin Hausawa 56 5.89
Katuzu Lk 1.75
Dadin Kowa 1 0.16

Source: Fieldwork (2023)



