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Background: There is a paucity of information on kidney education and screening programs 

in Indian youth.

Methods: Participants (n=2,158) from Chennai colleges were educated about the kidneys and 

chronic kidney disease (CKD) and screened in a pilot program from April to May 2013. This 

entailed: 1) a presentation and educational video and 2) an on-site assessment of weight, blood 

pressure, and demographic information. Urinalysis (UA) kits were distributed and returned in 

≤48 hours. We examined participant characteristics and their association with dipstick protein-

uria using logistic regression.

Results: The mean (standard deviation [SD]) age was 18.9 (1.6) years, and 1,451 (68%) were men. 

Mean (SD) body mass index (BMI) was 21.9 (4.3) kg/m2; 745 (36%) had a BMI consistent with 

being overweight or obese. Mean (SD) systolic blood pressure (SBP) was 118.7 (13.1) mm Hg, 

and 94 (5%) of the participants had SBP ≥140. Mean (SD) diastolic blood pressure (DBP) was 

70.9 (11.4) mm Hg, with 119 participants (6%) having ≥90 mm Hg. A total of 136 participants 

had glycosuria (UA≥1+) and 120 (6%) had proteinuria (UA≥1+). In unadjusted analyses, sex 

(odds ratio [OR]=1.64 [confidence interval, CI 1.06–2.55]; p=0.026 men vs. women) and age 

(OR=1.13 per year [CI 1.01–1.26]; p=0.032) were significantly associated with proteinuria. In 

the analysis adjusted for age, sex, SBP, DBP, glycosuria, and BMI, age remained independently 

associated with higher odds for proteinuria (OR=1.14 per year [1.02–1.29]; p=0.026). Males 

showed a trend of higher risk compared with women (OR=1.57 [CI 1.00–2.50]; p=0.051).

Conclusion: This education and screening pilot program in a population of college students 

offers unique opportunities for identification, education, and early intervention for CKD.

Keywords: screening, youth, CKD, proteinuria, glycosuria, education, hypertension, BMI, 

Indian youth

Background
The prevalence of risk factors for chronic kidney disease (CKD) in Indian adults is 

high. In the year 2000, there were an estimated 31 million people with diabetes in 

India; projections indicate that this will increase to 79 million by the year 2030.1 Simi-

larly, hypertension is becoming increasingly common, with a recent study reporting 

prevalence as high as 20%.2 Diabetes and hypertension together are responsible for 

75% of renal failure in developed countries.3 Thus, the increasing number of people 

affected by these conditions in India is concerning for a future epidemic of renal failure 

within its population.

Although some debate exists about how to most effectively identify and educate 

persons with CKD in general populations,4 research shows that early identification 
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and intervention can provide great benefit. Efforts in the 

US through the Kidney Early Evaluation Program (KEEP) 

focused on early screening and education to people with 

CKD and risk factors. Follow-up showed that participants 

in KEEP were more likely to seek and receive renal care 

and experience less mortality and morbidity compared with 

nonparticipants.5

Screening efforts have been reported in India, but there 

is little information available about programs combining 

screening for risk factors along with education in younger 

vulnerable groups. Prior research has focused on obtaining 

prevalence estimates of CKD in adults. Most of these stud-

ies have been published over the past decade. Methods and 

definitions across studies vary widely. Mani6 reported a CKD 

prevalence of 0.16% in rural south India in a population of 

25,000. Agarwal et al7 performed a study in 4,972 patients in 

urban New Delhi and found CKD in 0.79%. Contrary to ear-

lier reports, a later study using a population of 6,120 patients 

in medical centers showed a much higher prevalence of 17%.8

The genesis of kidney disease likely starts early in youth 

and largely with the onset of modifiable risk factors.9 Early 

screening to identify these risk factors, combined with 

education about how to keep kidneys healthy, could provide 

great opportunity to prevent or abate kidney disease before 

it becomes a problem. Here, we report the results of a pilot 

program designed to screen Indian youth for CKD risk fac-

tors and educate them about the kidney and health behaviors 

necessary to preserve renal function. The program was imple-

mented as a “grass roots” effort. It was inspired and driven 

by local community leaders, who were highly motivated to 

serve their public and curb the growing epidemic of chronic 

disease within India.

Methods
The pilot program was initially designed by a nephrolo-

gist (RR) and a team of support personnel, primarily as an 

educational outreach. The team of support personnel had 

a health background and were trained to check height and 

weight and measure blood pressure. Along with delivery of 

an education module, pilot testing for screening was per-

formed for CKD risk factors. Overall goals of the program 

were to 1) educate young adults about the kidneys and how 

to keep them healthy and 2) assess the ability to efficiently 

perform one-time screening for CKD risk factors. The 

 project was initially launched and completed as a grass roots 

effort to increase awareness of kidney disease. Given the 

alarming findings, it was felt that it should be disseminated 

in the scientific community by publishing the findings and 

presenting it at meetings. Hence, it was presented to the 

ethics board at Madras Institute of Orthopedics and Trauma 

(MIOT), Chennai, India, and the Institutional Review Board 

at the University of Michigan who approved the analysis of 

deidentified data.

The program was delivered to students enrolled in one of 

five colleges throughout Chennai, India, from April through 

May 2013. The program was advertised through posters 

and flyers distributed in the college. The educational por-

tion entailed a 10-minute presentation and video on topics 

related to CKD. These included the asymptomatic nature of 

CKD and urine testing to detect kidney disease. The video 

portion was also made available on YouTube for a period of 

time thereafter, to allow students to access the information 

again later. After the brief educational session, trained per-

sonnel collected information on volunteers, including age, 

sex, height, weight, and blood pressure. Information about 

preexisting diabetes and hypertension was not specifically 

sought. There were no exclusion criteria. Blood pressure was 

taken after participants were seated for at least 10 minutes 

and was recorded in the sitting position with the right arm 

supported at heart level using an automated blood pressure 

cuff (Citizen Model CH-432).

For the urine screening portion of the program, specific 

information was first provided on urine collection tech-

niques. Urine analysis kits consisting of a urine dipstick and 

container with a color-coded guide to interpret results were 

distributed to all students at the time of education and assess-

ment  (Figure 1). No instruction about early morning sample 

of urine was given to the students. If the urine sample was 

not returned during the screening, the students returned the 

sample to the study personnel within 48 hours.

For analysis, hypertension was defined as either a systolic 

blood pressure (SBP) ≥140 mm Hg or a diastolic blood pres-

sure (DBP) ≥90 mm Hg. Body mass index (BMI) was defined 

as weight in kilograms divided by the square of height in 

meters. Overweight was defined as BMI greater than 23 and 

obese as greater than 25 per consensus statements appropriate 

to India.10 Urine tests were on a 4 point scale for glucose and 

protein and were deemed positive for any value ≥1+.

Statistical analysis was done with STATA version 10.0 

(College Station, TX, USA). In descriptive  analysis, continu-

ous variables are expressed as mean  values with standard 

deviations (SDs) and categorical variables as n (%). Logistic 

regression was used to test  associations between proteinuria 

as the outcome and participant characteristics as indepen-

dent predictors, with results presented as odds ratios (ORs). 

p values <0.05 were considered significant.
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Results
A total of 2,158 students were enrolled from five colleges in 

Chennai. Baseline characteristics are shown in Table 1. The 

mean (SD) age was 18.92 (1.60) years, and 1,451 (68%) were 

men. Measurement and urine analysis were completed for 

2,035 (94%) students. Mean (SD) BMI was 21.90 (4.29) kg/

m2, and 745 (36%) had a BMI consistent with being over-

weight or obese (≥23 kg/m2). Mean (SD) SBP was 118.71 

(13.06) mm Hg, and 94 (5%) of the participants had SBP 

≥140. Mean (SD) DBP was 70.92 (11.42) mm Hg, with 119 

participants (6%) having DBP ≥90. A total of 136 students   

had glycosuria (urinalysis [UA]≥1+), and 120 (6%) had 

abnormal urine protein (UA≥1+).

In univariate analysis, male sex (OR 1.64 [confidence 

interval, CI 1.06–2.55]; p=0.026 men compared to women) 

and older age (OR 1.13 [CI 1.01–1.26]; p=0.032 each year 

older compared to younger) were significantly associated 

with proteinuria. In the analysis adjusted for age, sex, SBP, 

DBP, glycosuria, and BMI, age remained independently 

associated with higher odds for proteinuria (1.14 [1.02–1.29]; 

p=0.026 older compared to younger). Sex showed a trend 

toward significance (1.57 [CI 1.00–2.50]; p=0.051 for men 

compared with women) but did not meet the cutoff for 

significance (Table 2). Most students who viewed the video 

volunteered for urine screening, and a high percentage of 

them returned the UA test kits, 2,035 (94%).

Discussion
This grass roots effort led by community leaders to promote 

a CKD education and screening program in youth was both 

feasible and revealing. The program provided kidney edu-

cation to young adults efficiently, reaching >2,000 students 

within a 1-month period. Several studies over the past decade 

have attempted to infer the prevalence estimates of CKD in 

India. Methods and definitions of CKD across studies var-

ied widely. Mani6 reported a CKD prevalence of 0.16% in 

rural south India in a population of 25,000. Agarwal et al7 

performed a study in 4,972 patients in urban New Delhi 

and found CKD in 0.79%. Contrary to earlier reports, a 

later study using a population of 6,120 patients in medical 

centers showed a much higher prevalence of 17%.8 To our 

knowledge, this is the first report on Indian youth describing 

current prevalence of CKD risk factors such as hypertension 

and proteinuria, along with an examination of associations 

between individual characteristics and proteinuria. The 

results provide evidence for concern related to the growing 

epidemic of kidney disease that can already be identified in 

young people. The program was novel in concept, motivated 

locally, and easy to  administer. It also suggests that future 

efforts for primary prevention should be delivered before 

adulthood – where the majority of this type of work has been 

reported in the past.11,12

The idea of a youth-focused program to provide health 

education aimed at reducing chronic disease is not novel but 

is not well reported for CKD. Programs outside of CKD have 

been used to optimize self-care in reproductive and sexual 

health,13 reduce obesity,14 and lower student propensity for 

risky behaviors.15 A US program called “Project Healthy 

Schools” (PHS) has found success in reaching students even 

earlier, in middle school, educating them about  behaviors 

aligned with good cardiovascular health.16 The PHS  program 

was, however, not directed toward kidney health, and screen-

ing is not part of the PHS program. As a collaborative 

partnership between an academic medical institution, health 

payors, and schools, PHS focuses on education about health 

behaviors needed to feel good today, instead of campaigning 

for just doing these things to stay healthy for the future. The 

program couples short education modules with community 

partnerships to ensure PHS remains tailored to the needs of 

each school and can be sustained over time within individual 

school environments. Since PHS implementation, health 

benefits have been observed in students across participating 

Figure 1 Urine dipstick testing packet and color-coded guide distributed to 
volunteers.
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schools, including significant decreases in serum cholesterol 

levels, serum blood glucose, and mean blood pressures – all 

correlated with increases in vegetable and fruit consumption, 

increases in physical activity, and less “screen time”.16 The 

pilot program we describe delivered in Indian colleges has 

potential to have a similar impact if expanded with follow-up 

education, feedback, and confirmatory testing. In addition, 

the short educational video that was made YouTube accessible 

promoted reinforcement outside of the one-time session and 

could support secondary gains if students share it at home 

with friends and family. However, it is difficult to determine 

formally in this study whether the video had any impact at 

all on the health education of the youth.

The results of our study also highlight the substantial 

prevalence of risk factors for CKD that are already present in 

young adults including elevated blood pressure, glycosuria, 

obesity, and proteinuria. High blood pressure was detected 

in 5–6% of the youth screened, depending on whether we 

used systolic or diastolic cutoffs. Arguably, a diagnosis of 

sustained hypertension should be based on several readings. 

However, the methods used to measure and report blood 

pressure were consistent with prior research17 and, given 

the young age of the participants, are of particular concern 

because we would not expect high values to begin with.

Using culturally appropriate definitions, remarkably 36% 

of our study population was overweight or obese. This rivals 

numbers seen in many developed countries, which harbor 

the highest rates of obesity across the world.18 Prior work 

in Northern India shows similar alarming trends in adults.19 

Whether in adults or youth, these numbers show there is a 

significant potential for negative impact on kidney health, 

because a link between obesity and renal dysfunction is well 

established.20,21 Many factors may contribute to increasing 

prevalence of obesity, including a westernization of diet and 

a sedentary lifestyle.22 Results from this program suggest 

that there is an important opportunity for early public health 

intervention toward healthy eating and increasing activity.

Our screened population had a 6% prevalence of pro-

teinuria. Testing on a urine sample, which is not a first 

morning sample (as in this study), does bring up questions 

of false-positive and -negative testing. There is also the 

potential of transient proteinuria on a one-time dipstick. 

Nonetheless, the significance of this finding cannot be over-

stated. Dipstick-positive proteinuria signifies renal disease, 

which can progress to advanced stages of kidney disease 

without early identification and medical intervention. The 

association we found between older age and proteinuria is 

in line with other observations,8 supporting the validity of 

our results. Contrary to prior research that shows women as 

having higher odds of proteinuria however, our study found 

a trend of higher odds in men. We speculate that this could 

be due to the different demographics in populations (adults 

Table 1 Baseline characteristics (n=2,158)

Characteristics Women,* mean (SD) or n (%) Men,* mean (SD) or n (%) All participants, mean (SD) or n (%)

Sex 707 (33%) 1451 (67%) 2158 (100%)
Age, years 18.5 (1.7), range 15–26 19.1 (1.5), range 15–25 18.9 (1.6), range 15–26
Body mass index (BMI), kg/m2 21.2 (4.7), range 11.2–57.8 22.3 (4.0), range 13.2–51.0 21.9 (4.3), range 11.2–57.8
Overweight or obese** 194 (30) 551 (38) 745 (36)
Systolic blood pressure, mm Hg 112.5 (12.9), range 81–173 121.5 (12.1), range 89–173 118.7 (13.1), range 81–173
Diastolic blood pressure, mm Hg 70.1 (11.0), range 27–125 71.3 (11.6), range 16–135 70.9 (11.4), range 16–135
Urinalysis (UA)*
Glycosuria*** 35 (5) 101 (7) 136 (6)
Proteinuria*** 27 (4) 93 (6) 120 (6)

Notes: *Based on available data. **Defined as BMI ≥23 kg/m2 per Indian consensus statement.10 ***UA dipstick value ≥1+.
Abbreviations: SD, standard deviation; N/A, not applicable.

Table 2 Unadjusted and adjusted* ORs for proteinuria

Characteristics Unadjusted OR (CI); 
p value

Adjusted OR (CI); 
p value

Age, (per 1 year 
increase)

1.13 (1.01–1.26); 0.032 1.14 (1.02–1.29); 0.026

Sex
Female Reference Reference
Male 1.64 (1.06–2.55); 0.026 1.57 (1.00–2.50); 0.051
BMI, kg/m2

<23 Reference Reference

≥23 1.22 (0.84–1.80); 0.29 1.15 (0.78–1.71); 0.47
SBP, mm Hg
<140 Reference Reference

≥140 1.14 (0.49–2.67); 0.76 0.95 (0.39–2.32); 0.92
DBP, mm Hg
<90 Reference Reference

≥90 1.21 (0.58–2.55); 0.61 1.07 (0.47, 2.42); 0.87
Glycosuria
<1+ Reference Reference

≥1+ 1.19 (0.59–2.40); 0.63 1.06 (0.50–2.23); 0.88

Note: *Adjusted model included: age, sex, BMI, SBP, DBP, and glycosuria, with 
proteinuria as outcome variable.
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; SBP, 
systolic blood pressure; DBP, diastolic blood pressure.
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versus youth) or  different comorbidity characteristics that 

we did not capture, yet to be elucidated in future work. One 

hundred and thirty-six participants (6%) had glycosuria on 

urine testing. Unfortunately, blood sugar was not tested in the 

study. Thus, while it is difficult to interpret the significance 

of the glycosuria, given the high prevalence of overweight 

and obese students, it is possible that at least some of these 

could potentially be a marker of underlying glucose intoler-

ance or frank diabetes.

There are limitations of this pilot program. First, it was 

a community-led effort and not designed for research pur-

poses per se. However, the methods used are comparable to 

formalized efforts in the past,5 and the findings should be 

shared in order to shed light on the alarming, but potentially 

modifiable trends of CKD in youth. While it is possible 

that with more formal testing, such as ambulatory pressure 

monitoring, the blood pressure of our participants may have 

changed, the measurements were done to support  screening 

and were performed with standardization to minimize 

erroneous readings on-site. Another limitation is with urine 

dipstick measurements that were not early AM sample and 

were one time; proteinuria may be transient due to various 

reasons. However, armed with knowledge that feasibility of 

screening with education is possible, future efforts could 

and should incorporate subsequent confirmatory testing 

with follow-up if needed. The lack of measurement of serum 

creatinine and blood glucose is another limitation; however, 

this was a grass roots effort at screening and as such screen-

ing creatinine and glucose was not part of the plan. Another 

limitation is the lack of quantification of the impact of the 

video on screening participation by comparison to a control 

group; moreover, there was no knowledge assessment after 

the program, so we have no way of knowing how the educa-

tion video impacted participant knowledge or was retained 

over time. This is an area for formal research in a future 

study. Finally, the convenience, cross-sectional population 

does not represent all youth within India, especially those 

of lower socioeconomic status or nonurban populations. We 

feel that this makes our findings even more relevant because 

individuals in resource-poor areas are more likely to have an 

even higher prevalence of risks.23

There are still many important implications of this pro-

gram. Overall, the program was successful and provided 

education that was disseminated to a large number of young 

adults within a short time frame and in a proactive manner. 

While prior research reports on screening for CKD and risk 

factors in adults, our research provides sobering insight into 

the current and trending health status evolving in Indian 

youth. Given the large population and the demographic dis-

tribution, the number of young people who could potentially 

develop CKD with age could run into about 24 million. Our 

pilot program also offers hope to change these trends. Even a 

short education session and video appealed to the millennial 

generation as indicated by the very enthusiastic participation 

of youth in subsequent urine screening. With advancing 

technology and social networking, health education could 

be spread “virally” not only among younger adults but also 

possibly later via secondary mechanisms (e.g., verbal) to 

older family members as well. This pilot program balanced 

efficiency and cost-effectiveness while maximizing use of 

existing cultural and community resources – supporting 

feasibility for expansion in the future.

Conclusion
We offer the current program as a model for screening and 

educating youth for CKD risk factors. Early detection of 

CKD is important, and our novel project targeting young 

adults shows reason that we must begin this process early. 

There exists a unique opportunity to identify and intervene on 

several aspects related to nonoptimal health. Furthermore, our 

pilot program suggests alarming health trends in the Indian 

population, demanding that more attention be paid to primary 

health interventions to abate the potential epidemic of CKD.
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