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ABSTRACT

Background: Limited research exists on how geographic location and environmental factors influence kidney function. This study
investigates potential variations in Glomerular Filtration Rate (GFR) and Blood Urea Nitrogen (BUN) levels between individuals
residing in the coastal and desert regions of Libya.

Methods: An observational, retrospective analysis was conducted using medical records. Participants (n=260) were recruited from
Benghazi (coastal) and Jalu/Samnu/Sabha (desert) regions. Inclusion criteria included age range (18-90 years) and residency in the
designated location. Exclusion criteria focused on factors affecting GFR (e.g., pre-existing kidney disease). GFR was estimated using
the CKD-EPI formula. BUN levels were obtained from medical records. T-tests and Mann-Whitney U tests were used for statistical
analysis.

Results: The final sample size (after exclusions) and participant demographics was 134 participants. The study found no statistically
significant difference in GFR between the coastal and desert groups (p-value = 0.238). However, BUN levels were significantly
higher in the desert group (mean = 28.2 SD = 30.5) compared to the coastal group (mean = 15.5, SD = 10.5) with a p-value of (p-
value = 0.026).

Conclusion: This study did not identify a significant association between GFR and geographic location (coastal vs. desert) within
Libya. However, BUN levels were significantly higher in the desert population, suggesting potential differences in kidney function
or contributing factors that warrant further investigation.
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INTRODUCTION

The kidneys are vital organs responsible for maintaining blood volume and composition, filtering waste products, and
regulating blood pressure. Few studies highlight the early abnormalities of the kidneys function as kidney diseases have few signs
and symptoms early in the disease progression, and the only way to assess the kidneys function is by laboratory tests. Tests should
detect abnormalities early enough to allow corrective treatment [1]. With renal Function tests, namely the concentrations of urea
and creatinine in the serum could certainly detect the glomerular filtration rate (GFR) of the kidneys depending on the age, sex
and ethnicity could affect the function. Also, other health issues as Diabetes, hypertension and even the lifestyle of the household
has an effect on the renal function [2]. Age-related changes in intrarenal vascular structure coincide with a reduction in renal
volume and size. Both the bulk of the juxtamedullary nephrons and the number of glomeruli decrease. As a result, the glomerular
basement membrane's filtration area and permeability both decrease. As people age, their glomerular filtration rate (GFR)
decreases [3].

Persistent kidney damage is known as chronic kidney disease (CKD), which has a significant financial and social cost to
both the patient and his family [3]. It would be crucial to identify the iliness in advance while examining the population's glomerular
filtration rate (GFR), particularly in those with coexisting conditions. Researchers have demonstrated that a community's and an
individual's lifestyle is one of the primary variables influencing glomerular filtration rate (GFR) [4,5]. Both high-income
industrialized nations like the United States and developing nations like China and Libya face significant challenges and public
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health issues as a result of the global pandemic of chronic kidney disease (CKD) [6—12]. The population of Libya is diverse in terms
of lifestyle, geography, demographically and environmental factors, while the Studies in Libya are scarce [13]. The high prevalence
and low awareness of impaired renal function and urinary abnormalities in the population illustrates the urgent need to implement
a CKD prevention program in the different areas of Libya.

Glomerular filtration rate (GFR) is a key measure of kidney function, reflecting the rate at which blood plasma is filtered
by the kidneys [14]. It is estimated using various formulas, with the CKD-EPI formula being a commonly employed method [15].
GFR declines naturally with age, but various factors can accelerate this decline and contribute to kidney disease [16].

Blood urea nitrogen (BUN) is a waste product generated from protein breakdown in the body. Healthy kidneys efficiently
filter BUN, maintaining its blood concentration within a specific range. Elevated BUN levels can indicate reduced kidney function
or dehydration [17]. Environmental factors, including climate and geographic location, have been hypothesized to influence kidney
health. Studies suggest that hot climates and dehydration can increase BUN levels, potentially impacting GFR [18,19]. However,
research on the association between geographic location (e.g., coastal vs. desert) and GFR variations remains limited.

Understanding the potential impact of environmental factors on kidney function is crucial for several reasons. Socially, a
significant portion of the global population resides in arid or desert regions. If geographic location is linked to increased risk of
kidney disease, identifying these populations becomes crucial for preventive healthcare measures and resource allocation.
Medically, early detection of kidney dysfunction allows for timely intervention and management, potentially delaying or
preventing progression to chronic kidney disease (CKD) and its associated complications [14].

This study investigates potential variations in GFR and BUN levels between individuals residing in the coastal and desert
regions of Libya. By exploring the association between geographic location and these kidney function markers, this research
contributes to a better understanding of environmental influences on kidney health and informs public health strategies in arid
regions.

Aim:
To investigate the association between geographic location (coastal vs desert) and kidney function in Libya as measured by
Glomerular Filtration Rate (GFR) and Blood Urea Nitrogen (BUN) levels.

METHODOLOGY
GFR Estimation:

The CKD-EPI formula was used to estimate GFR [14]. This widely accepted and validated method utilizes readily available
clinical data (serum creatinine, age, gender,) to estimate GFR. The formula was applied to participants' documented serum
creatinine levels in their medical records.

Sample Selection:

A convenience sample of 260 participants was determined using the Epi-info software they were recruited by reviewing
medical records at Al Akeed Labs in Benghazi (coastal region) and General hospitals in Jalu/Samnu/Sabha (desert region) within
the time period 01/11/2023 — 01/04/2024. The final sample size was determined after applying the following inclusion and
exclusion criteria.

GFR =141 x min(Scr/K, 1)* x max(Scr/k, 1)-1209 x

CRD-EPLI T 0.99300 x (1.018 if female) x (1.159 if African American)

(14]

—

*§,, is serum creatinine in mg/dL
% 15 0.7 for females and 0.9 for males
a is -0.329 for females and -0.411 for males
min indicates the minimum of S_,/x or 1
max indicates the maximum of S /x or 1

Inclusion Criteria:
® Agerange: 18-90 years.
e Complete medical records with documented:
O Creatinine levels
o BUN levels

Exclusion Criteria:
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® Pre-existing chronic kidney disease (CKD).
e GFR estimated to be lower than 90 mL/min/1.73m?2.[14]

Data Collection:
Medical records of participants meeting the inclusion criteria were reviewed to collect the following data:
e Demographic information (age, gender).
e Geographic location (coastal or desert).
e Estimated GFR (calculated using the CKD-EPI formula).[14]
e BUN level.

Statistical Analysis:

SPSS version 26 was used, Descriptive statistics (mean, standard deviation) were used to summarize participant
demographics, GFR, and BUN levels for the coastal and desert groups. Independent-samples t-tests were used to compare GFR
and normally distributed continuous variables (e.g., age) between the two regions. Mann-Whitney U tests were used to compare
BUN levels, a non-normally distributed variable, between the coastal and desert groups.

The level of statistical significance was set at a = 0.05. All statistical analyses were performed using appropriate statistical software.

RESULTS
This section presents the findings of the analysis investigating potential associations between GFR and BUN levels,
stratified by geographic location (coastal vs. desert) within Libya.

Overall Population Characteristics

A total of 134 participants were included in the final analysis after applying the inclusion and exclusion criteria.
Gender: The overall sample included 65 males and 69 females. (Figure 1)
Age: The participants' ages ranged from 18 to 90 years old, with a mean age of 46.46 (SD = 16). (Figure 2).

Male
Female 48.5%

51.5%

Figure 1: Percentage of males to females

Figure 3 and Figure 4, show the eGFR levels and he BUN levels in the different age groups and the highest number was at
the years between 18 — 37 years of age for the eGFR with no significant differences between the groups, while the ages between
38 -57 years old were the highest group for the BUN groups, whereas, the older group was significantly lower than the other
groups, could be because of the limited number or other medical causes.
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Figure 2: Frequency of individuals across different ages
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Figure 4: The BUN levels in the different age groups
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GFR Findings:

The analysis included data from 134 participants after applying the inclusion and exclusion criteria. As shown in (table 1),
no statistically significant difference was found in GFR between the coastal and desert groups based on the independent-samples
t-test (p-value = 0.283). The mean GFR for the coastal group was 108 (SD =21.2), while the mean GFR for the desert group was
104 (SD =21.6).

Table 1: Results of Independent-Samples t-test

Levene’s test for equality of | T-test for equality of Means

variances
Equal variances | F Sig. Sig.(2-tailed) Mean Difference Std.Error
eGFR assumed Difference

0.093 0.760 | 0.283 4.11 3.82

Table 2 and 3 show the difference in means between coastal and desert regions within each gender. As is clear in table 2, males
do not have significantly different GFR results between the two regions. Similarly, the results for GFR within females also did not
show any significant difference between the regions.

Table 2: Results of Independent-Samples t-test for Males only

Levene’s test for equality of variances T-test for equality of Means

Equal variances | F Sig. Sig.(2- Mean Difference | Std.Error
eGFR assumed tailed) Difference
0.002 0.963 0.643 -2.514 5.401

Table 3: Results of Independent-Samples t-test for Females only

Levene’s test for equality of variances T-test for equality of Means

Equal variances | F Sig. Sig.(2- Mean Difference | Std.Error
eGFR assumed tailed) Difference
0.890 0.349 0.071 9.859 5.367

BUN Findings

As shown by (table 4), the Mann-Whitney U test revealed a statistically significant difference in BUN levels between the
coastal and desert groups (p-value = 0.026). Participants residing in the desert region had significantly higher BUN levels compared
to those in the coastal region. The mean BUN level for the desert group was 28.2 (SD =30.5), while the coastal group had a mean
BUN level of 15.5 (SD = 10.5). The 95% confidence interval for the mean difference in BUN levels ranged from 13.2 to 36.8.

Table 4: Result of Mann-Whitney U test for BUN

coastal Desert p-value
N 84 50
Mean +/- Sd 15.5 +/- 10.5 28.2 +/-30.5 0.026

DISCUSSION

This study investigated potential associations between GFR and BUN levels, stratified by geographic location (coastal vs.
desert) within Libya. While we did not observe a significant difference in GFR between the two regions (p-value = 0.283), BUN
levels were significantly higher in the desert group compared to the coastal group (p-value = 0.026).
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Limited research exists on the association between geographic location and GFR. Some studies suggest that hot climates
and dehydration can increase BUN levels, potentially impacting GFR [20]. However, our results do not fully support this notion.
Several factors might explain this discrepancy. First, our study relied on a convenience sample from medical records, potentially
introducing selection bias. Second, while we categorized participants by coastal or desert residence, factors like variations in water
intake or air conditioning use within these regions might have influenced GFR [21] but weren't captured in this study design.
Finally, dietary habits could also play a role in both GFR and BUN levels [22], and future studies could explore potential dietary
variations between the coastal and desert regions.

The significantly higher BUN levels in the desert group (p-value = 0.026) require further exploration. Dehydration is a
potential explanation, as dehydration can lead to increased BUN concentration in the blood. However, other factors like dietary
protein intake or even undiagnosed chronic conditions could also contribute [23]. Future research could investigate these
possibilities.

These elevated BUN levels in the desert population warrant attention, even though we did not observe a significant GFR
difference. While a single elevated BUN level might not be indicative of kidney dysfunction, chronically high levels can be a sign of
underlying issues. Identifying populations at risk for elevated BUN levels allows for targeted public health interventions, such as
educational campaigns on hydration and healthy eating habits.

Study Limitations:

The retrospective design relies on existing medical records, potentially introducing bias based on documentation
practices. Additionally, the reliance on a convenience sample might not fully represent the target population. Future research
could benefit from a prospective cohort study design with a more rigorously selected sample and detailed data collection on
environmental factors and dietary habits. Furthermore, including additional kidney function markers beyond BUN could provide
a more comprehensive picture.

CONCLUSION

This study provided insights into potential geographic variations in GFR and BUN levels. The higher BUN levels observed
in the desert population highlight the need for further investigation into environmental and lifestyle factors that might influence
kidney function in arid regions. Future studies with more robust methodologies can build upon these findings to inform public
health strategies for promoting kidney health in diverse geographic settings.
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