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Abstract

Introduction: Chronic kidney disease (CKD) has increased globally, and population-based data from arid India is limited.
In areas with limited resources, the urine albumin-to-creatinine ratio (ACR) may be a valuable screening tool for detecting
undetected kidney damage.

Methods: The study was a community-based, stratified cluster survey of 14,050 participants in Bikaner and Jaisalmer from
April 2022 to September 2023. Participants with ACR >30 mg/g had repeat serum creatinine and urine ACR tests at 3
months to assess chronicity. Gender- logistic regression, and survey-weighted analyses identified 3-month follow-up
prevalence and risk factors for reduced eGFR and ACR 2-3 Stage. SPSS 28.0 conducted survey-weighted estimates and
gender-adjusted logistic regression. R (v4.5.2) created AOR forest plots. ArcGIS Pro 2.9 assessed Getis—Ord Gi* hotspots.

Result: Out of 731 patients assessed for three-month urine ACR screening, 29.3% had chronic albuminuria (ACR >30
mg/g; A2+A3), 20.4% had moderately elevated (A2: 30-300 mg/g), and 8.9% had severely increased (A3: >300 mg/g). In
8.9% (95% CI:6.4-12.2%) of 632 individuals with serum creatinine, eGFR was <60 mL/min/1.73 m? at follow-up. A
geospatial hotspot revealed clustering in Jaisalmer's Lunkaransar, eastern Bikaner, Pokaran, and northern Bhaniana. The
most effective independent predictor of albuminuria was family history of renal disease (AOR 2.47; 95% CI:1.41-4.32;
p=0.002), followed by 12-month prescription drug use (AOR 1.57; 95% CI:1.15-2.15). The duration of prescription drug
use was associated with eGFR decline (AOR 4.19; 95% CI: 1.48—11.84; p=0.007).

Conclusion: This is the first comprehensive community-based urine-screening study to identify subclinical renal damage
in the arid region, highlighting the disorder's incidence in this cohort. After screening, one in three inhabitants in this arid
area had chronic albuminuria, revealing a significant kidney disease burden. Thus, in extreme-climate, resource-limited
areas, spot urine ACR screening efficiently detects silent kidney disease.
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What is already known about this topic?

Globally, CKD affects 14.2% of adults (GBD 2023), driven by hypertension, diabetes, and emerging
environmental factors, including heat stress and dehydration.

CKD affects 9.3% of India's population (128 million), however screening data from arid and semi-arid areas,
where heat stress, chronic dehydration, and excessive dietary salt are prevalent, are lacking.

Albuminuria, a sign of kidney damage, may be detected years before eGFR decline. The spot urine albumin-
to-creatinine ratio (ACR) is a reliable, cost-effective screening method for large-scale population use.

What This Study Adds

This survey-weighted research is the first to determine albuminuria prevalence and reduced eGFR in the Thar
Desert, a severe climatic zone. Patients without any prior CKD diagnosis had a 29.3% prevalence of
albuminuria (ACR >30 mg/g) and an 8.9% prevalence of progressively reduced eGFR (<60 mL/min/1.73 m?).

Geospatial hotspot analysis (Getis-Ord Gi*) revealed significant kidney damage clustering in Lunkaransar,
eastern Bikaner, southern Pokaran, and northern Bhaniana (Jaisalmer), identifying areas for targeted public
health intervention.

Evidence suggests that long-term prescription drug use (>12 months) is a significant risk factor for reduced
eGFR (AOR 4.19; 95% CI: 1.48-11.84) and albuminuria (AOR 1.57; 95% CI: 1.15-2.15) in low-literacy,
resource-limited desert communities.

A family history of kidney disorders was the strongest indicator of albuminuria (AOR 2.47; 95% CI: 1.41—
4.32), emphasising the cost-effectiveness of screening first-degree relatives for ACR screening in primary care.

Recommendations for policy:

What this study findings imply?

Our results recommend following public health response:

Integrating spot urine ACR testing into ASHA and sub-centre screening programs in hotspot areas

Primary care long-term analgesic and antihypertensive prescription assessments with essential creatinine
monitoring for patients on drugs for >6 months

First-degree relatives of all CKD family history should be screened since its strongly linked to albuminuria.
These measures align with India's NCD action plan and feasible in primary healthcare system.

The urine ACR screening method is cost-effective and feasible to detect silent kidney damage in extreme-
climate LMIC areas. Policymakers in arid belt countries like India, Pakistan, the Middle East, and Sub-Saharan
Africa need to emphasise ACR screening at primary health facilities.

Geospatially targeted interventions, such as restricting over-the-counter nephrotoxic drugs, regulating
hypertension, and encouraging family screening, could substantially reduce preclinical CKD in arid regions
globally.



Introduction

In recent GBD (2023) reports, the global CKD prevalence in adults has reached 14.2% in 2023, representing a significant
rise since 1990[1]. India data also suggests a CKD prevalence between 10.65% and 15.34%[2]. affecting 9.3% of India's
population (128.0 million cases) in 2021[3], In Asian countries, South Korea’s KNHANES found 13.7% CKD among
urban civilians aged 35 and above [4]. Japan’s prevalence has been estimated at 13%[5]. Singapore’s latest health survey
reports about 13.8% of adults with CKD [6]. Many African and Eastern European regions report even higher burdens, with
North Africa and the Middle East at 18.0% [1] and Eastern and Central Europe at 12.8%[7].

The increasing prevalence of risk factors leading to impaired renal function, such as diabetes (7.1% in 2015-2016)[8] and
hypertension (30.7%) [9][10][11][12], an ageing population (8.6% in 2011, projected to reach 19.5% by 2050)[13][14]
[15][16], and environmental and lifestyle changes [17] [18] Unhealthy behavioural habits such as smoking and alcohol
consumption, inappropriate medication use.

Meanwhile, end-stage renal disease (ESRD) requiring dialysis was still on the rise in India, with an incidence of 229 per
million population [19], and the number of people progressing to ESRD annually was approximately 220000, leading to
the global need for renal replacement therapy, with annual dialysis requirements of 34 million treatments [20]. However,
population-based information on renal function in the dry, arid state of Rajasthan was limited. The majority of the
Rajasthan-based studies on renal function are from urban or hospital settings, and there are limited comprehensive regional
data, while rural areas are under-represented in CKD research in Rajasthan [21] [22].

To address a knowledge gap, this research implemented spot urine ACR screening in the community to estimate the
prevalence of undiagnosed renal impairment and albuminuria. The dry areas of Jaisalmer and Bikaner are particularly
vulnerable to severe weather and resource scarcity. Thus, in settings with limited resources, the two-step screening
procedure to estimate albuminuria and a reliable biochemical analysis for early kidney disease screening were efficient and
cost-effective.

Methodology
Study Area

Jaisalmer and Bikaner districts are situated in the western and north-western parts of Rajasthan and form part of the arid
desert region. Jaisalmer covers about 38,401 km?, while Bikaner spans nearly 27,244 km? Both districts experience very
low rainfall (250.1-707.2 mm), high evapotranspiration, and extreme temperatures. Summers are intensely hot (25°C-
50°C), winters can be cold (5°C-23.6°C), and strong winds during April to June cause shifting sand dunes.

Study Design

A community-based, stratified, multistage cluster survey was conducted across urban and rural strata in two districts
(Bikaner and Jaisalmer) from April 2022 to September 2023. This manuscript's research design, analysis, and reporting
follow STROBE cross-sectional and cohort reporting guidelines, and the urban/rural sample frame was used in the 2011
Rajasthan population census. The stratified multi-stage cluster sampling chose 30 urban (municipal wards) and 30 rural
(villages) PSUs in each district. Urban wards and rural villages were PSUs.

Sample size:

Given India's 9% adult CKD prevalence, [23] At an 11% prevalence, 2 design effect, and 7% non-response rate in each
district, the sample size was calculated to be 7200 [24] [25]. In 2 districts, 14,050 participants were targeted. Global data
from LMICs indicate a 3% prevalence of CKD among 18-30-year-olds (17); thus, 1080 individuals must be included.
According to the Census 2011, Rajasthan has an urban-rural population ratio of 1.3. After random selection from the CEB
of each district, 30 urban PSUs would each recruit 300 eligible people. The districts were sampled proportionally depending
on the number of blocks. Each district selected 30 rural primary sampling units (PSUs) choose for screening. Block
in Bikaner from 7, and Jaisalmer from 4; PSU in Bikaner 210, and Jaisalmer 120. If the chosen PSU could not enrol enough
people, the adjacent village considered to fulfil the sample size.

Participants: Inclusion: aged >18, irrespective of gender, from the outlined areas; Exclusion: Participants with self-
reported CKD, dialysis, or renal transplant were excluded from biochemical screening, pregnant women and those near
gestation, not willing to participate

Data collection and Measurement: The urine ACR from spot urine samples was a primary screening test, as it is a
validated and recommended alternative to 24-hour urine protein quantification, a sensitive assessment for the early
identification of renal dysfunction (refer to Figure 2). ACR adjusts for variations in urine concentration due to hydration



levels and is appropriate for population screening in a field survey. Urine samples were obtained in the early morning,
whenever feasible, to reduce diurnal variation[26].

Field staff obtained written consent and shared the PIS in participants' language. Using a pre-structured questionnaire,
demographics, medical history (hypertension, diabetes, cardiovascular disease, renal illness), medication usage (NSAIDs,
herbal medicines), lifestyle factors (tobacco, food, physical activity), and other exposures were gathered Portable ERBA
urine analysers were used for field screening. Serum creatinine analysis was limited to this subset to maximise laboratory
resources and logistics in a broad community screening program since mass biochemical testing was not feasible. A non-
stretchable measuring tape measured waist and hip circumferences, while a stadiometer and digital weighing scale recorded
height and weight. Standardising field equipment to one model per parameter and utilising a standard method enhanced
community measurement validity. A sitting rest was followed by three blood pressure readings at predefined intervals.
Portable Accu-Chek Active glucometers detected random glucose.

The albumin-creatinine ratio (ACR) was estimated by collecting a 15-20 mL spot urine sample in a sterile container and
transporting it to the lab under cold chain conditions. Morning urine samples were taken wherever feasible. Laura Smart
urine analyser (Model EM-200) with MicroalbuPHAN measured albumin and creatinine. The analyser automatically
computed ACR (mg/g) from urinary microalbumin (mg/L). Participants with ACR >30 mg/g who agreed to biochemical
investigation had blood collected using sterile vacutainers. Thus, only individuals in a biochemically assessed subgroup
with A2-A3 had their serum creatinine assessed. Prioritising biochemical evaluation for participants with A2/A3
albuminuria was done as a targeted resource-efficient strategy appropriate for large-scale community screening refer Figure
2. Field samples were transferred to the Biochemistry Laboratories at the Bikaner and Jaisalmer District Hospitals, where
a strict cold chain was maintained at 2°C-8°C. The Erba E-200 fully automated biochemistry analyser evaluated serum
after centrifugation and labelling cryovials. Serum creatinine, urea, and lipid profile parameters (total cholesterol,
triglycerides, HDL-C, LDL-C) were analysed based on standard guidelines. Figure 3 shows the spatial distribution of
chronic kidney disease (CKD) participants at the 3-month follow-up (FUP) who had an albumin-to-creatinine ratio (ACR)
greater than 30 mg/g and an estimated glomerular filtration rate (¢GFR) below 60 mL/min/1.73 m?, as calculated using the
CKD-EPI equation.

Quality Assurance

All fieldworkers at the study locations underwent collective training at the project's inception to ensure uniform protocol,
along with periodic standardisation sessions held biannually. To ensure accuracy, anthropometric devices were calibrated
before each examination. The Biochemistry Laboratories of the Government District Hospitals in Bikaner and Jaisalmer
received accreditation under the National Accreditation Certificate for the External Quality Assessment (EQA) Programme,
ensuring the quality assurance of all biochemical tests.

Definitions

Glomerular filtration rate was estimated using the creatinine-based CKD-EPI equation (2021) as recommended for
standardised laboratory reporting [27] All positive findings (e.g. eGFR <60 or albuminuria >30 mg/g) were rechecked
within 3 months to distinguish chronic CKD from acute or transient abnormalities, consistent with guideline
definitions[28]. Chronic kidney disease (CKD) was defined according to current KDIGO criteria as abnormalities of kidney
structure or function present for at least 3 months [28]. In practice, CKD was defined by either decreased eGFR (<60
mL/min/1.73 m?) persisting >3 months or markers of kidney damage (albuminuria or structural abnormalities) persisting>3
months[28][27]. In our study, an eGFR <60 mL/min/1.73 m? was classified as CKD [27]. Albuminuria was defined by
urine ACR: A2 (30-300 mg/g), and A3 (>300 mg/g)[28].

Statistical analysis

Statistical analyses were done using SPSS Statistics 28.0, R 4.5.2, and ArcGIS Pro 2.9. A set plan file in SPSS outlined a
complex sampling design with district-level stratification and ward-level clustering, estimated survey-weighted
proportions, and 95% confidence intervals. Analyses were conducted for (N=14,050), the serum creatinine follow-up
subgroup (n=632), and the urine ACR subgroup (n=731).

Significant variations in baseline characteristics between individuals with and without follow-up data (Supplementary
Table 1) suggest attrition bias. Survey-weighted analyses were used to adjust for different follow-up probabilities.
The missing-at-random assumption was used to impute missing data (5 completely conditional imputations). Variance
inflation factors (VIFs) and tolerance statistics analysed predictor multicollinearity (Supplementary Table 2).
AORs with 95% CIs were estimated using survey-weighted multivariable logistic regression for a reduced eGFR (<60
ml/min/1.73 m?), ACR 2-3 stage using complex-sample logistic regression estimated models.

Sensitivity analysis (Supplementary Table 1, Fig. 1) evaluated complete-case, imputed, and unweighted models. Model
discrimination was tested using ROC analysis (AUC = 0.777; 95% CI: 0.701-0.853). Getis—Ord Gi* hotspot analysis in
ArcGIS Pro analysed spatial clustering of skewed ACR and reduced eGFR. AOR forest plots were created in R using

ggplot2.
References: Key definitions and procedures followed international guidelines[28][27][23] as cited above.



Hotspot Analysis

The Getis—Ord Gi* hotspot analysis refer Figure 1. revealed statistically significant geographic clustering of elevated urine
albumin—creatinine ratio (ACR2-3) and recurrent low eGFR in participants who underwent 3month- follow-up screenings.
To evaluate renal dysfunction in the biochemically monitored subgroup, a new GIS layer was created using ACR
classifications A2 (30-300 mg/g) and A3 (>300 mg/g) and eGFR values < 60 mL/min/1.73 m?
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In the Getis—Ord Gi* statistic, x;represents the attribute value of feature j, corresponding to locations with elevated ACR
[A2 (30-300 mg/g) and A3 (>300 mg/g)] and reduced renal function (¢€GFR < 60 mL/min/1.73 m?). The term w;;denotes
the spatial weight between features iand j, reflecting their spatial relationship, while nindicates the total number of locations
with individuals who have abnormal ACR and/or eGFR < 60.

Hotspot analysis used z-scores and p-values to check if patterns were random. High positive scores indicated clusters of
high kidney risk (hotspots), while negative scores indicated clusters of lower kidney risk (cold spots).

All abnormal ACR and low eGFR cases mapped with geographic coordinates and analyzed to see whether they are
clustered, scattered, or random in Bikaner and Jaisalmer. ANN results guided Getis—Ord Gi* analysis to identify significant
kidney disease hotspots and cold spots.
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Figure 1. Flow Chart of Hotspot Analysis



Flow chart: Baseline screened Participants
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Figure 2. Flow chart of the screened Participants
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Results
Table 1. Sociodemographic profile of the study population (N = 14,050) Complex samples analysis; estimates
weighted to account for survey design. 95% CI = 95% confidence interval; SE = standard error.

Variable Weighted = Weighted 95%  p value
na % (SE) A CI
AGE GROUP (YEARS)
18-30 2,696 19.2% 18.0—  <0.001
(0.6) 20.5
3140 2,980 21.2% 20.4—
(0.4) 22.0
41-50 2,670 19.0% 18.3—
(0.3) 19.7
51-60 2,328 16.6% 15.9—
(0.3) 17.2
>61 3,376 24.0% 22.7—
(0.7 25.4
GENDER
Male 5,465 38.9% 37.4-  <0.001
(0.8) 40.4
Female 8,583 61.1% 59.6—
(0.8) 62.6
EDUCATIONAL STATUS
literate 5,737 40.8% 38.8—  <0.001
(1.1) 42.9
Literate (no formal education) 1,978 14.1% 13.3—
(0.4) 14.9
Primary (Class 1-5) 1,715 12.2% 11.3—
(0.5) 13.1
Upper primary (Class 6-8) 1,538 10.9% 10.4—
(0.3) 11.5
Secondary (Class 9-10) 1,056 7.5%(0.3)  6.9-
8.2
Senior secondary (Class 11-12) 786 5.6%(0.3)  5.0—
6.2
ITI/ vocational 70 0.5%(0.1) 0.4-
0.6
Graduate 813 5.8%(0.3) | 5.3-
6.4
Post-graduate 280 2.0% (0.1) 1.7-
23
Professional degree / diploma 56 0.4%(0.1)  0.3-
0.5
Others 21 0.1% (0.0)  0.1-
0.2
Occupation
Professional 145 1.0% (0.1) 09—  <0.001
1.2
Trained / semi-professional 546 3.9% (0.2) = 3.5-
4.3
Skilled labour 1,838 13.1% 12.0—

(0.6) 14.2



Semi-skilled labour 1,168 83%(0.5) | 7.4

9.3
Non-skilled labour 852 6.1%(0.4) 53—
6.9
Student 648 4.6% (0.3) 4.1-
5.2
Housewife 7,760 55.2% 53.8—
(0.7) 56.6
Retired 206 1.5% (0.2) 1.2—
1.8
Unemployed 275 2.0% (0.2) = 1.5-
2.5
Other 612 44%(0.3) 3.8-
5.0
Residence
Urban 7,202 51.3% 44.9— 0.698
(3.2) 57.6
Rural 6,348 48.7% 42.4—
(3.2) 55.1

A = Weighted percentages with 95% confidence intervals (Cls) estimated using Complex Samples analysis (CSAPLAN), incorporating stratification at the district level,
clustering at the ward level (primary sampling unit), and assuming sampling with replacement.
CI = Confidence interval; % = Weighted percentage.

The study enrolled 14,050 respondents using a complex, multistage random sampling design. The majority of the sample
(61.1%; 95% CI: 59.6-62.6%) was female, reflecting the household-based sampling frame. The gender distribution varied
considerably across the main sample units (p <0.001). Over 40% of the sample was illiterate, and 14% was literate without
formal schooling. This is epidemiologically significant since inadequate health awareness is an independent risk factor for
delayed CKD onset and adverse effects. Wide age distribution skewed toward older age groups, with >60 years the largest
single group (24.0%) and the group with the greatest CKD risk. Urban and rural participants were nearly equally sampled
(51.3% vs 48.7%), (p = 0.698), indicating that the complex sampling plan achieved geographic balance.

Table 2. Survey-weighted prevalence of repeat reduced eGFR among participants with repeat serum creatinine (n=632)
and repeat albuminuria among participants with repeat urine ACR (n=731), estimated with complex sample analysis.

Variable gc Unweighted Unweighted Weighted Weighted p
ns % of sub- N % (95% CI) value
sample g (estimate) A
A

Reduced kidney function: eGFR <60 mL/min/1.73 m? (sub-sample with follow-up eGFR measured, n =
632)

eGFR >60 (normal / mildly reduced) 576 91.1% 576 91.1 (87.8—  <0.001
93.6)

eGFR <60 CKD criteria met 56 8.9% 56 8.9 (6.4-
12.2)

Total 632 100.0% 632 100.0 —

Albuminuria: Urine albumin-to-creatinine ratio (ACR) (sub-sample with follow-up ACR measured, n =
731)

A1l — Normal (<30 mg/g) 517 70.7% 517 70.7 (67.3— | <0.001
73.9)

A2 — Moderately increased (30-300 149 20.4% 149 20.4 (17.7-

mg/g) 23.3)

A3 — Severely increased (>300 65 8.9% 65 8.9 (6.8-

mg/g) 11.6)

A2 + A3 combined Albuminuria 214 29.3% 214 29.3 (26.3—

present 32.4)F

Total 731 100.0% 731 100.0 —

A = Weighted percentages with 95% confidence intervals (Cls) estimated using Complex Samples analysis (CSAPLAN), incorporating stratification at the district level,
clustering at the ward level (primary sampling unit), and assuming sampling with replacement.



B = Unweighted n represents the observed sample size.

C = Estimated glomerular filtration rate (eGFR) calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation without race coefficient,

expressed as mL/min/1.73 m?.
CI = Confidence interval; % = Weighted percentage.

Urban/Rural N differs for eGFR and ACR due to availability of follow-up samples..

Using Complex Samples Crosstabs for stratification and district-level clustering, a survey-weighted estimate of the
prevalence of 8.9% (95% CI: 6.4—-12.2%) (p <0.001), repeated reduced eGFR (<60 mL/min/1.73 m?) among participants
who underwent repeat serum creatinine testing at 3-month follow-up. Among 731 subjects with 3-month follow-up ACR
data, 29.3% had clinically relevant albuminuria (ACR >30 mg/g; A2+A3 combined) with moderately elevated albuminuria
(A2:30-300 mg/g) was 20.4% (95% CI: 17.7-23.3%) and significantly increased albuminuria (A3: >300 mg/g) was 8.9%.

Table 3. Survey-weighted factors associated with reduced eGFR at 3-month follow-up (CKD stages G3—G5), ACR (Stage?2-
3) estimated using complex-samples plan gender-adjusted logistic regression with adjusted odds ratios (AORs), 95%

confidence intervals (CIs), and p-values

Variable / Category Gender-AOR  95% C1

Outcome 1:
CKD Stages G3—

0.889 —
2.753

0.187 —
1.460

0.361 —
3.437

1.019 -
2.810

1.484 —
11.839

0.436 —
3.070

G5 Survey-
weighted
Adjusted Odds
Ratio (AOR)
Gender
Male 1.564
Female (ref) 1.00
Hypertension (HTN) Duration
Grade >11yrs 0.522
Grade 10-6yrs 1.913
Grade 0—5yrs (ref) 1.00
Swelling (feet/ankles / wrists/face)
Yes 1.692
No (ref) 1.00
Regular Intake of Prescription Drugs>12 months
Yes 4.192
No (ref) 1.00
Salt Intake Excess >12 months
Yes (group 1) 1.157
No / group 2 (ref) 1.00

Painkiller use regular >12 months

Yes —

No (ref) —

Y

0.120

0.103

0.042

0.007

0.768

Gender-AOR

Outcome 2:

ACR Stage (2-3)

1.274

1.00

1.554

1.979

1.00

1.233

1.00

1.573

1.00

0.749

1.00

0.765

1.00

95%

Cl

0.940

1.727

0.656

3.679
0.771

5.080

0.883

1.723

1.149

2.153

0.375

1.496

0.423

1.386

p

0.117

0.359

0.217

0.005

0.410

0.375



Traditional medicine use >12 months

Yes — — 0.962 0.466 0916
1.986
No (ref) — — — 1.00 — —
Daily water intake
Low water intake — — 1.200 0.713 0913
(1,2-3 L/day) —
1.460
Adequate intake (3-4, 4 — — — 1.00 — —
L/day)
Family history of kidney disease
Yes — — 2.470 1.413  0.002
4315
No (ref) — — — 1.00 — —

CI, confidence interval; AOR, adjusted odds ratio; ROC, receiver operating characteristic; AUC, area under the curve; VIF, variance inflation factor; MAR, missing at
random; FCS, fully conditional specification; SRS, simple random sampling; GIS, geographic information system; Ref, reference category; p<0.05 indicates statistical
significanc, , — = variable not retained for outcome 1 CKD Stages G3—G5 Survey-weighted Adjusted Odds Ratio (AOR) n=56

This survey utilised a complex-sample analysis using district as the stratification variable and ward/village as primary
sampling unit (cluster), using sampling with replacement, to detect risk factors. Multiple imputation (Fully Conditional
Specification) generated 5 imputed datasets for missing estimate data. Complex Samples Logistic Regression estimated
design-adjusted correlations with reduced follow-up eGFR.

Two independent variables were significant in the survey-weighted logistic regression for impaired kidney function (eGFR
<60 mL/min/1.73 m?). Regular prescription medication use for over 12 months was significant predictor (AOR 4.19; 95%
CI: 1.48-11.84; p=0.007). Oedema (swelling of feet, ankles, wrists, or face) also indicated CKD (AOR 1.69; 95% CI: 1.02—
2.81; p=0.042). Hypertension duration, salt consumption, and male sex had higher chances but were not statistically
significant (p>0.05) in this population, albuminuria (ACR >30 mg/g; early kidney damage) was strongly associated
with family history of renal disease (AOR 2.47; 95% CI: 1.41-4.32; p=0.002). Regular medication usage independently
predicted albuminuria (AOR 1.57; 95% CI: 1.15-2.15; p=0.005). AOR forest plots generated in R (v4.5.2) refer Figure 4.
Duration of hypertension, oedema, excess salt consumption, weak positive risk factor; painkiller usage, traditional medicine
use, and daily water intake did not predict albuminuria (all p>0.05) in this study participant.

Forest Plot of eGFR <60 and ACR Stage 2-3

eGFR <60 (CKD G3-G5) ACR Stage 2-3
Gender: Male (Female ref) - FE—I'—' 1.6 ‘E—l—' 1.2
Hypertension Duration: =11 years (0-5 ref) 1 L MY ——%—16
Hypertension Duration: =10 years (0—5 ref) — 13 ————20
Swelling: Yes (Mo ref) 1 :-—l—' 1.7 —E—l— 1.2
Prescription drugs =12 months: Yes (Mo ref) - ;o ————i42 | ——18
Saltintake excess =12 months: Yes (No ref) — 12 — %07
Painkiller use =12 months: Yes (Mo ref) 1 E '—l—i—' 0.8
Traditional medicine use =12 months: Yes (Mo ref) | ——10
Daily water intake: Low intake (Adequate ref) i —r-12
Family history of kidney disease: Yes (Mo ref) 1 E E ——'25
02 05 1 2 5 1015 02 05 1 2 5 1015

Adjusted Odds Ratio (log scale)

® AOR=1.0 % ADR=10 Missing

Figure 4. Forest plot of adjusted odds ratios (log scale) from a gender-adjusted survey logistic regression risk factor analysis
(G3-GS5 outcome), ACR Stage (2-3) using R version 4.5.2., illustrates a forest plot of gender-adjusted odds ratios (95%
CI) for impaired kidney function (KDIGO G3-GS5) at the 3-month follow-up.



Hotspot Results
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Figure 5 Abnormal ACR and Reduced Renal Function (eGFR < 60 mL/min/1.73 m?) Hotspot map of Bikaner (a) and
Jaisalmer District (b)

In Bikaner district, a total of 137 cases of abnormal urinary albumin—creatinine ratio (ACR) was recorded, whereas
Jaisalmer district reported 77 such cases. Notably, the burden of abnormal ACR in Bikaner was nearly twice that observed
in Jaisalmer. In Bikaner district, 32 cases of reduced renal function (¢GFR < 60 mL/min/1.73 m?) were identified, while
Jaisalmer district reported 24 such cases. Bikaner exhibited a slightly higher burden of reduced renal function compared to
Jaisalmer refer Figure 5.
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Figure 6 Abnormal ACR and Reduced Renal Function (eGFR < 60 mL/min/1.73 m?) Hotspot Peak of Bikaner (a) and
Jaisalmer District (b)
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Figure 7. Spatial autocorrelation results at different distance thresholds using Moran’s I index of Bikaner (a) and Jaisalmer
District (b)

In Bikaner district, the spatial pattern of abnormal urinary albumin—creatinine ratio (ACR) and reduced kidney function
(eGFR < 60 mL/min/1.73 m?) was examined using Global Moran’s 1. The highest Moran’s I value in Figure 7 (0.070)
indicated weak positive spatial clustering. Although this was statistically significant (p < 0.01), the low value suggests that
the overall clustering was limited. The Getis—Ord Gi* local statistic can detect localised clustering that global
autocorrelation measures can miss, making it the best tool for identifying actionable sub-district hotspots even when



district-wide clustering is limited. Global Moran's I values were modest (0.015-0.070), reflecting the predominantly
dispersed distribution of cases across vast rural areas. However, specific hotspot areas were identified in the southern part
of Lunkaransar block and the eastern part of Bikaner block. These hotspots showed z-scores between 1.96 and 3.28, with
p-values ranging from 0.05 to 0.01, indicating 95% to 99% confidence refer Figure 6.

Similarly, in Jaisalmer district, the highest Moran’s I value in Figure 7 (0.059) also showed weak positive spatial
autocorrelation, while the lowest value (0.023) reflected very weak clustering. Overall, both districts demonstrated only
slight spatial similarity among nearby villages, suggesting that most cases were dispersed rather than strongly clustered. In
Jaisalmer, hotspot areas were identified in the southern part of Pokaran block and the northern part of Bhaniana block, with
z-scores ranging from 1.96 to 2.17 and 90% to 95% statistical confidence refer Figure 6.

Discussion

The high burden of albuminuria despite preserved eGFR in this desert-dwelling cohort raises the possibility that a
proportion of cases represent chronic kidney disease of unknown aetiology (CKDu) a phenotype increasingly attributed to
occupational heat exposure, repetitive dehydration-mediated tubular injury, and heat-stress nephropathy. This entity,
initially termed Mesoamerican Nephropathy, is now also designated CKD of nontraditional cause (CKDu) by the Pan
American Health Organisation; epidemiological evidence points to repeated episodes of dehydration with electrolyte loss
as the leading pathophysiological mechanism. Analogous CKDu epidemics have been documented in arid agricultural
communities in Central America, Sri Lanka, and the Middle East [30][31]. Several such cases are now being reclassified
as heat-stress nephropathy, an emerging global disorder driven by heat exposure, dehydration, and insufficient access to
drinking water [32][33] Although causal attribution is precluded by the cross-sectional design, geographic clustering of
cases in field-labour-intensive sub-districts such as Lunkaransar is consistent with an occupational aetiology. Future
longitudinal research in Indian desert regions should incorporate standardised assessments of occupational heat exposure,
tubular injury biomarkers (NGAL, KIM-1), and hydration status to evaluate this hypothesis formally.

Global guidelines (KDIGO, ADA) and recent studies on earlier CKD identification suggest that urine-based screening may
detect “silent” renal impairment before clinical symptoms. Our finding addresses this gap and promotes a change from
reactive late-stage disease treatment to preventive identification of CKD[34][35][28].

This research was a two-stage community-based screening approach, rather than a diagnostic population survey. The
difficulties of venous blood collection, cold-chain transport, and participant refusal prevented serum creatinine testing for
all screened participants in large-scale field surveys. Serum creatinine and repeat urine ACR were only measured in positive
screeners who agreed to blood tests. To confirm CKD chronicity, albuminuria and eGFR were tested again at 3 months.

The outcome analysis included 632 of 14,050 initial screening participants who had full follow-up biochemical indicators
(eGFR and ACR) at 3 months. The epidemiologically significant 29.3% burden of albuminuria (ACR 2-3 stage >30 mg/g),
higher than the eGFR-based CKD prevalence. The albuminuria burden is three times higher than reduced eGFR at follow-
up; this gap is predicted epidemiologically and clinically, as albuminuria precedes GFR reduction, a condition that may be
reversible. The high prevalence of albuminuria in this arid area may be due to chronic dehydration, excessive heat stress,
and a high dietary salt load, all of which indicate further study.

Strengths and Limitations

The study has several strengths. This weighted study is one of the first to estimate eGFR and ACR in rural and urban
Rajasthan. The multistage probability sampling approach used for community analysis was based on KDIGO guidelines,
with repeated eGFR measurements at 3-month follow-up, and creatinine and albumin-to-creatinine ratio assessments
performed through an accredited laboratory to strengthen study reliability. Hotspot mapping and individual- and spatial-
level epidemiology reveal clustering of CKD burden, helping policymakers identify high-burden locations and at-risk
groups.

However, significant limitations were noted. Body composition could affect CKD-EPI formula accuracy in this population.
After 3 months, 632 of 14,050 baseline participants completed biochemical tests. Non-follow-up might result from
migration, death, or blood sample collection challenges. Migration, employment mobility, and drought limited participant
availability. This research may have missed reduced eGFR in non-albuminuric patients since serum creatinine was not
measured. Our estimates likely underestimate CKD burden since participants with reduced eGFR but normal ACR were
not detected. Our population-level CKD prevalence estimates are restricted due to a 4.5% biochemical follow-up rate.
Consider the research a screening study for high-risk individuals rather than an epidemiological survey. Household surveys
may underestimate male CKD due to selection bias. However, a comprehensive approach and larger sample size provide
district-level CKD estimates, suggesting future study and intervention needs.



Comparison with Previous Research

Global and Indian studies were compared for prevalence, similar risk factors, and cases, as no relevant local research had
been identified. At the 3-month follow-up, the weighted prevalence of eGFR <60 mL/min/1.73 m? was 8.9% (95% CI: 6.4—
12.2%), which correlates with CKD rates of 6-17.2 % in India, [36] [37][38][39][2] 7-34.3% in Asia, [40] and 10.6%
worldwide [41]. A meta-analysis of 18 community-based studies (2011-2023) indicated a CKD prevalence of 13.24%
(10.52-16.22%), rising to 16.38% post-2018 in rural areas[42][43]

While clinically significant weighted prevalence of (ACR >30 mg/g), (A2: 30—-300 mg/g) 20.4% (95% CI: 17.7-23.3%),
and (A3:>300 mg/g) 8.9% (95% CI: 6.8—11.6%). This aligns with prior studies showing the predictive value of albuminuria
in kidney damage, particularly in preserved eGFR [44][45][46][47][48][49][50][51][52][53] thus, arid regions with
changing climate, dehydration, and heat-adjusted eGFR trends necessitate longitudinal studies and community-level regular
eGFR-ACR screening[54][21][55].

The gender-adjusted logistic regression identified several renal risk factors that correlated with the Global Indian CKD
studies’ Hypertension duration of 6-10 years revealed a positive but non-significant shift to elevated risk of reduced eGFR
(AOR 1.91; 95% CI: 0.36-3.44; p=0.103) and albuminuria (AOR 1.98; 95% CI: 0.77-5.08) indicating that further research
need in hotspots on the cumulative impacts of hypertension on the kidneys. Failure to address hypertension and a sedentary
lifestyle cause CKD worldwide[56][57][58][59].

Prolonged prescription medication usage (>12 months) lowered eGFR (AOR 4.19; 95% CI: 1.48—11.84; p=0.007). Despite
gender correction and survey weighting, four-fold odds suggest nephrotoxic drug intake as a modifiable cause of CKD in
this group. In both early and established kidney damage phenotypes, the same variable independently predicted albuminuria
(AOR 1.57; 95% CI: 1.15-2.15; p=0.005). Unsupervised or over-the-counter use of analgesics, antihypertensives, and
traditional formulations is frequent in low-literacy, resource-scarce settings, and poor renal monitoring increases
cumulative nephrotoxic risk as seen in other studies thus, prioritising community-level pharmacovigilance and over-the-
counter drug regulation is a public health imperative[60][61][62], aligning with findings from toxic nephropathy studies;
thus, prioritising safety assessment and regulation is crucial [63][64][65][66][67]. This correlates with the analgesic
nephropathy literature of long-term painkiller usage (AOR=3.068) and CKD risk; hence, over-the-counter NSAIDs
availability must be monitored[68][69][70][71].

CKD clustering, including monogenic nephropathies and shared environmental exposures within households, was the
strongest predictor of albuminuria in families with a history of kidney disease (AOR 2.47; 95% CI: 1.41-4.32;
p=0.002)[72][73][74][75][76].

Podocyte destruction and glomerular permeability abnormalities precede genetic susceptibility and GFR decline. This
supports targeted ACR screening of first-degree relatives of patients with renal disease as a cost-effective early-detection
strategy.

Peripheral oedema was a significant clinical sign for lower eGFR detection in this community (AOR 1.69; 95% CI: 1.02—
2.81; p=0.042) than ACR stage 2—3 (AOR 1.23; 0.88—1.72; p=0.217). In this cross-sectional study, oedema may reflect
volume overload or nephrotic syndrome rather than early glomerular damage. In resource-limited dry areas, it may assist
community triage as a visible sign for CKD[77][78][79][80][81][82].

High salt and low water intake were risk with reduced eGFR (AOR 1.16; 95% CI: 0.44-3.07; p=0.768 and 1.20), non-
significantly similar to previous studies [83][84][85][86][87][88][89]1[90][91][92][93]. Due to a lower response rate, pain
medication and traditional medicine usage were not statistically significant. These risk factors were identified in previous
studies, warranting further investigation.

Conclusions

This research revealed a significant burden of early kidney disease that might be prevented in two dry Rajasthan districts:
29.3% of adults had chronic albuminuria in diagnostic tests. Biochemical follow-up shows 8.9% of screen-positive
participants reduced eGFR. In extreme-climate LMICs, spot urine ACR screening may detect silent kidney disease before
eGFR fall and is affordable. Geospatial hotspots were in Bikaner's Lunkaransar and Jaisalmer's Pokaran blocks. The main
versatile and non-modifiable risk factors include long-term prescription drug usage and family history of renal failure.
Climate change causes heat stress and water scarcity worldwide, so prospective surveillance integrating occupational heat
exposure indicators with renal biomarkers such as NGAL, KIM-1, and serum uric acid is essential to assess the emerging
impact of heat-stress nephropathy on the CKD burden in desert populations. Urgent and practical policy needs consist of
ACR screening in primary care, regulation of over-the-counter nephrotoxic medications, and family-based CKD screening.
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