
CLINICAL STUDY

Occupational risk factors for chronic kidney disease in Andhra Pradesh:
‘Uddanam Nephropathy’

Youssef M. K. Faraga,b,c, Kuyilan Karai Subramanianb,c, Vikrum A. Singhb, Ravi Raju Tatapudid and
Ajay K. Singhb,c

aDepartment of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA; bRenal Division, Brigham and
Women’s Hospital, Boston, MA, USA; cHarvard Medical School, Boston, MA, USA; dAndhra Medical College & King George Hospital,
Visakhapatnam, India

ABSTRACT
Background: CKD of unknown etiology (CKDu) has been reported in several countries including
India. We previously showed a prevalence of CKD in India to be 17.2% and we found a CKD epi-
demic in Andhra Pradesh (AP) to be 46.8%. We conducted this study to further explore the unex-
plained CKD epidemic in AP.
Methods: We recruited 1201 adult participants through systematic random sampling from eight
administrative divisions. Demographic, medical, and detailed occupational history was collected.
Anthropometric measurements and blood pressure were taken and blood and urine samples
were collected. Poisson regression model was used to identify potential predictors for CKD.
Results: We analyzed data for 1184 individuals with mean age of 44.6 ± 14.0 years, of whom
44% were male. Prevalence of CKD was 32.2%. Working as a farmer had 20% more prevalence of
CKD compared to non-farmers in the fully adjusted model (PR 1.2, 95% CI 1.01–1.42). Age, alco-
hol consumption, and chewing tobacco were also independent predictors of CKD. Gender,
hypertension, and diabetes were not associated with CKD.
Conclusions: The prevalence of CKD in AP is 32.2%. Occupational exposure among farmers
could play a potential role in this epidemic. Large longitudinal epidemiologic research studies
are needed to trace the causes of this problem.

Abbreviations: AP: Andhra Pradesh; BMI: body mass index; CKD: chronic kidney disease; CKDu:
CKD of unknown etiology; eGFR: estimated glomerular filtration rate; IRB: Institutional Review
Board; KDIGO: Kidney Disease Improving Global Outcomes; NABL: National Accreditation Board
for Testing and Calibration Laboratories; PR: prevalence ratio; SD: standard deviations; SEEK:
Screening and Early Evaluation of Kidney Disease
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Introduction

Chronic kidney disease (CKD) is considered as an under-
recognized epidemic in developing countries. Diabetes
mellitus and hypertension have remained as traditional
risk factors for developing CKD, while other emerging
risk factors have not been studied extensively [1,2].

Screening and Early Evaluation of Kidney disease
(SEEK) study was conducted in 2005 in India to evaluate
the prevalence of CKD in India [3]. Over a period of
24 months, SEEK-India included 5588 participants from
53 screening camps in 12 cities across India represent-
ing almost all Indian regions, and there was an equal
representation of urban and rural areas. We observed a
17.2% prevalence of CKD that was 2.5 times higher in

urban vs. rural areas, with substantial center-to-center
variation. Participants from Andhra Pradesh (AP) in the
SEEK-India study showed 46.8% prevalence of CKD.
However, the small sample size of the participants from
AP showed that more extensive study is needed to
determine the true prevalence of CKD in the ‘CKD-
endemic’ areas.

Over the past 30 years, there has been a steady
increase in the burden of CKD of unknown etiology
(CKDu) in several countries, such as El Salvador [4–6],
Nicaragua [7,8], Sir Lanka [9,10], and Egypt [11]. Several
environmental and occupational risk factors have been
proposed to contribute to the development of CKDu in
the absence of diabetes and hypertension in rural pop-
ulations of young male farmworkers.
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The primary objective of the SEEK-Andhra study, a
sub-study of the SEEK that was launched in 2010, is to
better estimate the prevalence and risk factors of CKD
in the north eastern province of AP with specific
emphasis on nontraditional and potential occupa-
tional exposures.

Methods

Study design and sampling

The Screening and Early Evaluation of Kidney Disease-
Andhra Pradesh (SEEK-Andhra) is a cross-sectional study
that was conducted in April and May 2011 in the vil-
lages of Srikakulam district in AP. A systematic random
sampling technique was conducted to assemble the
study sample. According to the 2010 census, the total
population of Srikakulam district was approximately 2.8
million. The district was divided into 16 mandals
(administrative divisions) out of which eight mandals
were randomly selected for the SEEK-Andhra study.

Study population

All the subjects who were �18 years of age were
included in the study. Those subjects who were unable
to give the consent, those who were unwilling, bed-rid-
den patients, and pregnant women were excluded
from the study.

We designed our study to have 95% power to detect
at least 25% higher prevalence in AP than the national
CKD prevalence that we previously reported of 17.2%
[3]. Type-I error (a) was set at 0.05. This yielded 1084
individuals. To account for potentially missing data of
approximately �10% after the conclusion of the pro-
ject, we planned to recruit 1200 participants. To ensure
equal representation of the population from all the
eight mandals, a total of 150 subjects per mandal were
selected for the study. Domiciliary screening was con-
ducted and a maximum of two adult individuals from
each household who met the eligibility criteria were
selected for the study. A total of 1201 subjects were
selected by systematic random sampling.

The purpose of the study was explained to the sub-
jects and informed consent was obtained in the
regional language by the trained district health staff.
Analytic dataset was constructed based on complete
case analysis approach. It consisted of 1184 individuals
who had non-missing values on age, gender, serum cre-
atinine, and urine dipstick protein (98.6% of the study
population). A participant flow diagram is outlined in
Figure 1.

Laboratory assays

Blood and urine were collected at the site by trained
phlebotomists. Serum creatinine, blood urea nitrogen,
random glucose, sodium, potassium, chlorides, and
bicarbonates, hemoglobin were measured using Hitachi
Roche analyzer in a NABL (National Accreditation Board
for Testing and Calibration Laboratories) accredited lab.
Serum creatinine was measured using Jaffe Colorimetric
method. Urine collected in a 15mL container was ana-
lyzed for urine albumin and glucose measured using
visually read dipsticks (Bayer Multistix 10 SG). Urine rou-
tine analysis and urine microscopy (qualitative and
quantitative analysis) were also carried out.

Exposure variables assessment

Specially designed CRFs were administered by the
trained interns in the local language. The questionnaire
included details on the socio-demographic data, a
detailed occupational history, data on exposure to pes-
ticides or any harmful chemicals related to their occu-
pation, detailed data on food and drinking water
sources, symptoms of diabetes, hypertension or kidney
disease, past/family history of hypertension and dia-
betes, treatment for diabetes and hypertension, medi-
cation history, analgesic usage and history of tobacco
and alcohol usage. Anthropometric measurements
including height, waist, and hip circumference
were measured.

Weight was measured in light clothes without foot-
wear. Body mass index (BMI) was calculated as weight

Total screened in SEEK-Andhra:
1201 individuals

Final Analy�c Dataset:
1184 individuals

Excluded:
3 missing age
11 currently on dialysis
3 history of kidney failure
from snake bite

Figure 1. Flowchart of SEEK-Andhra Study participants.
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in kilograms divided by height in meters squared. Waist
circumference was used to assess the body fat distribu-
tion and was measured using a non-stretchable tape to
the nearest 0.1 cm at the mid-point between coastal
margin and iliac crest. Hip circumference was measured
at the level of the greater trochanters to the nearest
0.1 cm (widest portion of the hip) by a measuring tape,
while the subject was standing with their arms by their
side and feet together. A waist circumference �90 cm
in males and �80 cm in females was used as a cutoff
for central/abdominal obesity.

All participants underwent two blood pressure meas-
urements at an interval of 5min and the average of the
two readings was finally recorded. Blood pressure was
measured using guidelines from American Heart
Association. Hypertension was defined as a systolic
blood pressure �140mmHg, a diastolic blood pressure
�90mmHg, the use of medications for high blood pres-
sure, or a self-reported diagnosis of high blood pres-
sure. Diabetes was defined as a random blood glucose
�200mg/dL, the use of anti-diabetic medications, or a
self-reported diagnosis of diabetes mellitus.

Outcome variable assessment

CKD was defined following the KDIGO 2012 Clinical
Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease [12] of impaired kidney func-
tion or kidney damage. Impaired kidney function was
defined as an estimated glomerular filtration rate
(eGFR) less than 60mL/min/1.73 m2 using the CKD-EPI
equation [13]. Kidney damage was defined as protein-
uria; total urine protein to urine creatinine of more than
150 g/mg, or positive urine protein dipstick (þ1, þ2,
and þ3), or hematuria; positive red blood cells on urine
microscopy or positive urine dipstick for red blood cells.
Females who reported current menstruation and had
hematuria were labeled as not having hematuria.

Ethics approval

The study was approved by both the Institutional
Review Board (IRB) of Partners Healthcare and the local
institutional ethics committee of Andhra Medical
College in Andhra Pradesh.

Statistical analysis

The data collected from the subjects were checked for
accuracy on the site, and were then entered in
Microsoft Excel spreadsheets. The data were imported
for further data management and statistical analysis

using Stata 14 (StataCorp, 2015, Stata Statistical
Software: Release 14, StataCorp LP, College Station, TX).

Descriptive summary statistics of the baseline demo-
graphic, clinical, and occupational variables were pre-
sented for the total study population and by the
absence or presence of CKD. Continuous variables were
presented using means and standard deviations (SDs),
or medians and first and third quartiles (Q1, Q3) , as
appropriate, and we compared the two outcome
groups using Student’s t-tests for normally distributed
continuous variables, and Mann–Whitney’s U test for
non-normally distributed variables. Categorical variables
were presented using frequencies and proportions, and
we compared the two outcome groups using the Chi-
squared test. If there was a cell in cross tabulating the
categorical variables with expected frequency less than
5, we calculated Fisher’s exact test’s p value.

To identify the predictors for CKD, we decided to use
Poisson regression to estimate the prevalence ratios
and the corresponding 95% confidence intervals (CIs).
Given the prevalent CKD outcome (>15%), Poisson
regression was a more appropriate model since the use
of the logistic regression was shown to overestimate
the association between the exposure and the preva-
lent binary outcome [14]. We constructed crude, simple,
and progressively adjusted multivariable Poisson
regression models with robust variance estimation.
Model 1 was the crude unadjusted model. Model 2 was
adjusted for age and gender. Model 3 was further
adjusted for lifestyle variables: smoking, tobacco chew-
ing, alcohol drinking, exercise, and consumption of
vegetarian diet. Model 4 is our full model that was
adjusted for all the variables in models 2 and 3, and fur-
ther adjusted for waist–hip ratio, hypertension, dia-
betes, and self-reported cardiovascular disease. For all
the statistical tests, a two-sided p value of less than .05
was considered statistically significant.

Results

Demographic and clinical characteristics

The mean± SD age of the study population of SEEK-
Andhra 44.6 ± 14.0 years, of whom 44% were male.
Most of the study participants lived in the region for
over 20 years (83.3%) and made 2000–4999 rupees/
month. The majority also reported being never smoker,
never chewed tobacco, and never drank alcohol.
Furthermore, 45% of them were hypertensive and 22%
were diabetic. Other summary statistics are presented
in Table 1. Individuals with CKD were more likely to be
older, males, illiterate, stayed longer in the region, pre-
sent or past smoker, and current alcohol drinker. They
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were also more likely to be normal or underweight and
have hypertension. Detailed comparison between indi-
viduals with CKD and those without is presented in
Table 1.

Occupational characteristics

Approximately, 44% of the total study population were
working as farmers, and 51% had CKD. Individuals with

CKD were more likely to wear personal protective
equipment and work as farmers in rice cultivation.
Other details on the occupational characteristics of the
study population are presented in Table 2.

Prevalence of CKD

Using the KDIGO guidelines, CKD was present in 381
individuals (32.2%), half of them were males. Impaired

Table 1. Baseline demographic and clinical characteristics of the total SEEK-Andhra Study Participants, and by CKD status (bold
denotes statistical significance).

CKD

p Value
Total study population No Yes

N 1184 803 381

Age, years, mean ± SD 44.6 ± 14.0 41.7 ± 13.3 50.7 ± 13.5 <.001
Gender <.001
Male 526 (44.4%) 327 (40.7%) 199 (52.2%)
Female 658 (55.6%) 476 (59.3%) 182 (47.8%)

Family income .52
<2000 rupees/month 235 (19.8%) 151 (18.8%) 84 (22.0%)
2000–4999 rupees/month 614 (51.9%) 416 (51.8%) 198 (52.0%)
5000–9999 rupees/month 236 (19.9%) 163 (20.3%) 73 (19.2%)
10,000–19,999 rupees/month 64 (5.4%) 48 (6.0%) 16 (4.2%)
�20,000 rupees/month 35 (3.0%) 25 (3.1%) 10 (2.6%)

Education <.001
Illiterate 504 (42.6%) 292 (36.4%) 212 (55.6%)
8th grade or less 354 (29.9%) 262 (32.6%) 92 (24.1%)
9–12th grade 251 (21.2%) 189 (23.5%) 62 (16.3%)
Some college 9 (0.8%) 6 (0.7%) 3 (0.8%)
Graduate degree 55 (4.6%) 45 (5.6%) 10 (2.6%)
Postgraduate/masters/doctorate 11 (0.9%) 9 (1.1%) 2 (0.5%)

Duration of stay in the region .003
0–10 years 86 (7.3%) 68 (8.5%) 18 (4.7%)
11–20 years 112 (9.5%) 87 (10.8%) 25 (6.6%)
more than 20 years 986 (83.3%) 648 (80.7%) 338 (88.7%)

Vegetarian 173 (14.6%) 122 (15.2%) 51 (13.4%) .41
Smoking status <.001
Never 795 (74.6%) 575 (79.9%) 220 (63.6%)
Past 93 (8.7%) 49 (6.8%) 44 (12.7%)
Present 178 (16.7%) 96 (13.3%) 82 (23.7%)

Chew tobacco <.001
Never 1048 (88.5%) 732 (91.2%) 316 (82.9%)
Past 29 (2.4%) 20 (2.5%) 9 (2.4%)
Present 107 (9.0%) 51 (6.4%) 56 (14.7%)

Alcohol drinking <.001
Never 917 (77.4%) 664 (82.7%) 253 (66.4%)
Past 52 (4.4%) 32 (4.0%) 20 (5.2%)
Present 215 (18.2%) 107 (13.3%) 108 (28.3%)

Height, cm, mean ± SD 156.0 ± 9.0 156.0 ± 9.2 156.0 ± 8.6 .90
Weight, kg, mean ± SD 54.7 ± 15.6 55.5 ± 12.8 53.1 ± 20.2 .011
Body mass index, kg/m2, median (Q1, Q3) 21.8 (18.9, 25.1) 22.1 (19.2, 25.5) 21.0 (18.3, 23.7) <.001
Waist to hip ratio, mean ± SD 0.9 ± 0.1 0.88 ± 0.01 0.9 ± 0.08 .004
Obesity <.001
Normal 638 (53.9%) 426 (53.1%) 212 (55.6%)
Underweight 247 (20.9%) 144 (18.0%) 103 (27.0%)
Overweight 236 (19.9%) 182 (22.7%) 54 (14.2%)
Obese 48 (4.1%) 38 (4.7%) 10 (2.6%)
Morbidly obese 14 (1.2%) 12 (1.5%) 2 (0.5%)

Mean systolic blood pressure, mmHg, mean ± SD 129.3 ± 20.3 126.8 ± 17.6 134.8 ± 24.0 <.001
Mean diastolic blood pressure, mmHg, mean ± SD 82.8 ± 11.7 81.8 ± 10.5 85.1 ± 13.7 <.001
Hypertension 539 (45.5%) 343 (42.7%) 196 (51.4%) .005
Random blood glucose, mg/dL, mean ± SD 110.8 ± 45.8 106.3 ± 34.4 120.0 ± 62.2 <.001
Diabetes 262 (22.1%) 175 (21.8%) 87 (22.8%) .69
Hemoglobin, g/dL, mean ± SD 12.1 ± 2.2 12.3 ± 2.1 11.6 ± 2.4 <.001
Serum creatinine, mg/dL, median (Q1, Q3) 0.8 (0.6, 1.0) 0.7 (0.6, 0.9) 0.9 (0.7, 1.3) <.001
Urine protein to creatinine ratio, median (Q1, Q3) 73.0 (53.8, 110.2) 63.6 (50.0, 84.7) 130.8 (73.9, 222.8) <.001
Self-reported kidney stones 37 (3.1%) 21 (2.6%) 16 (4.2%) .14
Self-reported cardiovascular disease 168 (14.2%) 107 (13.3%) 61 (16%) .2
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kidney function (eGFR < 60mL/min/1.73 m2) was found
in 9.2%, while the prevalence of proteinuria was 15.5%,
and hematuria was found in 20.2%. There was increas-
ing prevalence of CKD with increasing age in both
males and females. Eight percent of the males in the
age category of 18 and less than 30 years had CKD, and
5.5% of females had CKD in the same age category. The
highest prevalence of CKD was in the age category of
�60 years, 30.7% of males and 35.7% of females (Figure
2). The prevalence of CKD in the different primary

health centers ranged from 7.1% in Dg Puram to 21.8%
in Baidulapuram (Figure 3).

Risk factors for CKD

The unadjusted and adjusted PRs (95% CI) of prevalent
CKD according to demographic and medical risk factors
are presented in Table 3. In model 1, which is
unadjusted, several risk factors were associated with
CKD in our study population. Age in years (PR 1.36, 95%

Table 2. Occupational characteristics and exposures of the total SEEK-Andhra Study Participants, and by CKD status (bold denotes
statistical significance).

Total study population

CKD

p Value
No Yes

N 1184 803 381

Farmer/agriculturist 523 (44.2%) 328 (40.8%) 195 (51.2%) <.001
Wear personal protective equipment 89 (7.5%) 47 (5.9%) 42 (11.0%) .002
Farmer in coconut plantations 151 (12.8%) 101 (12.6%) 50 (13.1%) .79
Farmer in cashew nut plantations 219 (18.5%) 139 (17.3%) 80 (21.0%) .13
Farmer in rice cultivation 374 (31.6%) 234 (29.1%) 140 (36.7%) .009
Farmer in vegetable cultivation 43 (3.6%) 26 (3.2%) 17 (4.5%) .29
Farmer in fruit cultivation 28 (2.4%) 17 (2.1%) 11 (2.9%) .42
Spray pesticides 149 (12.6%) 94 (11.7%) 55 (14.4%) .19
Use fertilizers 176 (14.9%) 113 (14.1%) 63 (16.5%) .27
Mix other products with pesticides 91 (7.7%) 55 (6.8%) 36 (9.4%) .12
Store pesticides at home 60 (5.1%) 41 (5.1%) 19 (5.0%) .93
Wash clothes from pesticides .003
No 1007 (85.1%) 700 (87.2%) 307 (80.6%)
Mixed with family wash 47 (4.0%) 24 (3.0%) 23 (6.0%)
Soaked separately, then mixed with family wash 27 (2.3%) 18 (2.2%) 9 (2.4%)
Washed separately in family machine 37 (3.1%) 27 (3.4%) 10 (2.6%)
Others 66 (5.6%) 34 (4.2%) 32 (8.4%)

Clean self from pesticides .11
No 1007 (85.1%) 697 (86.8%) 310 (81.4%)
Wash exposed parts immediately with soap and water 48 (4.1%) 29 (3.6%) 19 (5.0%)
Wash exposed parts with water only 21 (1.8%) 13 (1.6%) 8 (2.1%)
Take whole body wash immediately 108 (9.1%) 64 (8.0%) 44 (11.5%)

Factory worker 5 (0.4%) 4 (0.5%) 1 (0.3%) 1.00
Work in fishing 19 (1.6%) 13 (1.6%) 6 (1.6%) .95

Figure 2. Prevalence of CKD in the SEEK-Andhra Study by gender and age categories.
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CI 1.29–1.44), present alcohol consumption (PR 1.82,
95% CI 1.54–2.16), current smoking (PR 1.66, 95% CI
1.37–2.02), present chewing tobacco (PR 1.74, 95% CI
1.42–2.13), WHR (PR 4.38, 95% CI 1.7–11.25), and

hypertension (PR 1.27, 95% CI 1.07–1.5) were highly
associated with CKD. However, only age, alcohol con-
sumption, and chewing tobacco were attenuated but
remained statistically significant after multivariable

Figure 3. Prevalence of CKD in the SEEK-Andhra Study by primary health centers (PHC).

Table 3. Prevalence ratios (95% confidence intervals) for CKD by demographic and medical risk factors (bold
denotes statistical significance, WHR: waist/hip ratio, CVD: cardiovascular disease).

Model 1 Model 2 Model 3 Model 4

Farmers
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.33 (1.12–1.56) 1.27 (1.09–1.49) 1.2 (1.02–1.42) 1.2 (1.01–1.42)

Age (for every 10 years) 1.36 (1.29–1.44) 1.35 (1.27–1.42) 1.32 (1.24–1.4) 1.31 (1.23–1.39)
Gender
Males 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Females 0.73 (0.62–0.86) 0.8 (0.68–0.94) 0.97 (0.77–1.22) 0.99 (0.78–1.25)

Alcohol consumption
Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Past 1.39 (0.97–2) 1.24 (0.85–1.8) 0.96 (0.62–1.48) 0.92 (0.59–1.43)
Present 1.82 (1.54–2.16) 1.7 (1.35–2.13) 1.48 (1.16–1.88) 1.48 (1.16–1.88)

Smoking
Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Past 1.71 (1.34–2.18) 1.19 (0.93–1.52) 1.15 (0.89–1.48) 1.14 (0.88–1.46)
Present 1.66 (1.37–2.02) 1.21 (0.99–1.48) 1.09 (0.89–1.35) 1.08 (0.88–1.34)

Chewing tobacco
Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Past 1.03 (0.59–1.78) 1.02 (0.6–1.72) 1.06 (0.64–1.75) 1.06 (0.64–1.76)
Present 1.74 (1.42–2.13) 1.52 (1.23–1.88) 1.34 (1.08–1.67) 1.33 (1.07–1.65)

Regular exercise
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 0.95 (0.69–1.32) 0.88 (0.64–1.21) 0.85 (0.6–1.22) 0.86 (0.6–1.22)

Vegetarian diet
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 0.9 (0.71–1.16) 0.83 (0.66–1.05) 0.85 (0.67–1.09) 0.86 (0.68–1.1)

WHR (for every 1 cm) 4.38 (1.7–11.25) 0.81 (0.31–2.09) 1.08 (0.39–2.94) 1.09 (0.39–3.03)
Hypertension
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.27 (1.07–1.5) 1.11 (0.94–1.3) 1.08 (0.91–1.27) 1.09 (0.91–1.3)

Diabetes
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.04 (0.86–1.27) 0.95 (0.79–1.14) 0.99 (0.81–1.2) 0.97 (0.79–1.21)

Self-reported CVD
No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Yes 1.15 (0.93–1.44) 1.07 (0.87–1.32) 1.13 (0.91–1.4) 1.1 (0.88–1.37)
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adjustment. Females had statistically significant 27%
less prevalence of CKD compared to men 0.73
(0.62–0.86). However, this association reached the null
after progressive adjustment for risk factors in models
2, 3, and 4. Working as a farmer had 33% more preva-
lence of CKD compared to non-farmers (PR 1.33, 95% CI
1.12–1.56), and association was slightly attenuated to
20% but maintained statistical significance (PR 1.2, 95%
CI 1.01–1.42) (Figure 4). We also explored occupational
practices as potential risk factors for CKD. Those who
are working as farmers in rice cultivation showed 20%
statistically significant more prevalence of CKD than
those who are not (PR 1.2, 95% CI 1.01–1.43). Detailed
results are shown in Table 4.

Discussion

The main finding of this study is that the prevalence of
CKD in the villages of Srikakulam district in AP was
32.2%. This observation of heightened prevalence of
CKDu has been labeled as ‘Uddanam Nephropathy’. We
also found that working as a farmer, age, alcohol con-
sumption, and chewing tobacco were independent pre-
dictors of CKD after adjusting for potential
confounders. Traditional risk factors of CKD like hyper-
tension and diabetes were not association with CKD.

The CKD prevalence that we report here is much
higher than what we previously reported for SEEK-India
Study which was 17.2% [3]. This unexplained epidemic
that we found in the AP subset of SEEK-India was the
primary motivation to conduct the SEEK-Andhra, which
was designed to overcome the primary limitations of

this finding from SEEK-India, namely, larger sample size,
domiciliary screening rather than screening camps, and
detailed occupational history. Such high prevalence in
AP was reported by other investigators as 15.2% for kid-
ney damage, and 61% for reduced eGFR [15,16]. A
study by Tatapudi et al. [17] in Uddanam showed that
the prevalence of eGFR < 60mL/min per 1.73 m2) was
seen in 13.98% of their sample, while the prevalence of
subjects having low eGFR and with proteinuria was
18.23%. The Indian CKD registry also reported that the
highest number of CKD patients to be in the southern
India [18]. However, prevalence estimates from other
studies are based on smaller sample sizes, and registry
estimates could be overestimated due to potential high
reporting bias from an area that is already known to
have high CKD prevalence. The coastal region of
Saurashtra and non-coastal region of North Gujarat had
CKD prevalence of 15.7% and 26%, respectively [19]. A
recent population-based survey of Delhi and Chennai
showed that the age standardized prevalence of CKD is
8.7% [20]. However, this study included an entirely
urban population.

Hypertension, diabetes mellitus, and abdominal
obesity are the traditional risk factors for CKD in India
as shown in previous studies [3,18,19]. However, none
of these were associated with CKD in the present study.
A recent systematic review on CKDu summarizes the
regional variation in the association between CKDu and
potential risk factors [21]. Although these studies were
heterogeneous in their exposure assessment, the most
commonly associated risk factors for CKDu were male
gender, age, agricultural occupation, family history of

Figure 4. Prevalence ratios (95% confidence intervals) for CKD comparing farmers and non-farmers in the SEEK-Andhra Study.
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CKDu, snake bite, and heavy metal exposure. In our
study, we excluded those individuals who reported pre-
vious snake bite, and we did not assess heavy metal
exposure nor family history of CKDu. However, in our
fully adjusted model, gender was not associated with
CKDu. Both age and working as a farmer remained stat-
istically significant.

Since the rural communities and farming are com-
mon themes in the areas where CKDu has been
reported, pesticides have been proposed to be a poten-
tial cause of CKD [22]. Acute exposure to pesticides in
rats [23], humans [24], and long-term low-level expos-
ure in rats has been shown to be associated with kid-
ney damage. Some biomarkers of toxicity induced by

pesticides lead to glomerular inflammation, renal tubu-
lar epithelial cell swelling, and granular degeneration
[25,26]. Many studies that sought to explore the associ-
ation between CKD and various chemicals, including
the present study, did not have biological biomarkers
for these chemicals. Rather, self-reported use of or
exposure to chemicals was used for exposure assess-
ment, which is prone to recall bias. Such biological bio-
markers could include blood and/or urine
concentrations of pesticides, fertilizers, heavy metals
like mercury and arsenic that are being used in the
manufacturing of pesticides.

Furthermore, silica has been proposed as a potential
risk factor for CKDu. Soil analysis that was conducted as
part of the current study showed high levels of silica
(unpublished data). Animal studies have shown that sil-
ica exposure to mice caused both inflammatory and
fibrotic response in mice kidney [27]. A case-control
study from the United States showed positive associ-
ation between occupational exposure to silica and CKD
in a dose–response fashion [28]. Another study from
southern India in Canacona reported similar findings on
the potential nephrotoxic role of silica [29].

Another potential source of exposure is contami-
nated drinking water. Reddy and Gunasekar [30] ana-
lyzed several drinking water samples in AP. They found
that the levels of the major ions and trace elements in
these samples were within the recommended levels set
by regulatory bodies and guidelines, which make it
unlikely that they have nephrotoxic impact. However,
they did not measure the possible contamination of the
drinking water by various organic and inorganic chemi-
cals. In any case, exposure assessment in the ecosystem
without biological biomarkers in human samples will
not be enough to track down the source of the CKDu.

Our study has several limitations. First, the cross-sec-
tional nature of the study has the inherent limitation of
the inability to establish temporality in order to make
causal inference. Subsequently, reverse causation is a
possibility, but this may be unlikely since people with
CKD will be sicker than other workers in the physically
demanding job of farming. Second, kidney function
was assessed using single measurement of serum cre-
atinine. Third, we measured urine protein instead of
urine albumin which might have overestimated the
prevalence of CKD. Fourth, farming entails several sour-
ces of exposures that we have not tested due to lim-
ited funds.

Despite these limitations, our study has several
strengths. First, we randomly selected the administra-
tive divisions from which we will conduct our study.
Second, we used systematic random sampling in the

Table 4. Prevalence ratios (95% confidence intervals) of CKD
by occupational risk factors (bold denotes statistical
significance).

Fully adjusted model

Wear personal protective equipments
No 1.00 (reference)
Yes 1.16 (0.9–1.49)

Farmer in coconut plantations
No 1.00 (reference)
Yes 1.02 (0.79–1.32)

Farmer in cashew nut plantations
No 1.00 (reference)
Yes 1.12 (0.91–1.39)

Farmer in rice cultivation
No 1.00 (reference)
Yes 1.2 (1.01–1.43)

Farmer in vegetable cultivation
No 1.00 (reference)
Yes 1.11 (0.75–1.63)

Farmer in fruit cultivation
No 1.00 (reference)
Yes 1.04 (0.67–1.6)

Spray pesticides
No 1.00 (reference)
Yes 0.99 (0.77–1.26)

Use fertilizers
No 1.00 (reference)
Yes 0.99 (0.79–1.23)

Mix other products with pesticides
No 1.00 (reference)
Yes 0.95 (0.71–1.27)

Store pesticides at home
No 1.00 (reference)
Yes 0.83 (0.52–1.32)

Wash clothes from pesticides
No 1.00 (reference)
Mixed with family wash 1.44 (1.09–1.9)
Soaked separately, then mixed with family wash 0.65 (0.3–1.4)
Washed separately in family machine 0.59 (0.32–1.11)
Others 1.26 (0.96–1.67)

Clean self from pesticides
No 1.00 (reference)
Wash exposed parts immediately with
soap and water

1.07 (0.74–1.53)

Wash exposed parts with water only 1.09 (0.64–1.84)
Take whole body wash immediately 1.05 (0.79–1.39)

Factory worker
No 1.00 (reference)
Yes 0.76 (0.23–2.54)

Work in fishing
No 1.00 (reference)
Yes 0.8 (0.34–1.91)
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domiciliary house to house screening instead of the
convenience sample of a screening camp. This could
potentially decrease the high participation bias of sicker
individuals, and subsequently a higher CKD prevalence
in AP that we found in SEEK-India. Third, our sample
size is considered the largest among all the published
reports so far, which achieved its maximum designed
power. Fourth, we collected detailed occupational his-
tory and explored its potential association with CKD.
Fifth, we performed series of robust statistical analyses
to control for potential confounders and calculate more
precise effect estimates of each risk factor on CKD.

Conclusions

In this large cross-sectional household screening, we
found a very high prevalence of CKD of 32.2% among
the rural communities of AP, specifically male farm work-
ers. Traditional risk factors for CKD including hyperten-
sion and diabetes were not associated with CKD in the
fully adjusted models. Working as farmer, increasing age,
alcohol consumption, and chewing tobacco were inde-
pendent risk factor for CKD. These findings urge the
need for more carefully designed large longitudinal epi-
demiologic research studies to be conducted in order to
trace the causes of CKDu in AP. This includes, but is not
limited to, large study population, robust sampling, and
extensive screening for comprehensive panels of chemi-
cals in blood and/or urine. Until his happens, there is an
immediate need for public health intervention to halt
the spread of CKD in endemic areas like AP through
strong enforcement of the use of potentially nephrotoxic
chemicals, comprehensive and regular analysis of drink-
ing water, and raising awareness about the use of per-
sonal protective equipment.
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