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Background & objectives: Chronic kidney disease remains a leading cause of morbidity and mortality 
in developing nations like India. This study was conducted to assess the prevalence of impaired kidney 
function (IKF) and its association with type 2 diabetes(T2D) and systemic hypertension (HTN) in India.

Methods: A total of 25,408 individuals (with/without HTN and T2D), a nationally representative sample, 
were included from the Indian Council of Medical Research–INdia-DIABetes (ICMR-INDIAB) cross-
sectional study. IKF was defined as estimated glomerular filtration rate eGFR  <60 mL/min/1.73 m2 

(CKD-EPI-2009 equation-race free).
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Results: The overall weighted prevalence of IKF was 3.2 per cent [95% confidence interval (CI): 2.9–3.5] 
with no significant differences between urban [3.3% (2.8–3.7)] and rural areas [3.2% (2.9–3.5)], but 
higher among males [3.8% (3.4–4.2)] compared to females [2.6% (2.3–2.9)]. Four States in the country 
had prevalence of IKF ≥6 per cent and another four States had prevalence ≥4 per cent. The decrease in 
eGFR for every year increase in age was around 1.0 ml/min/1.73 m2; this was greater in urban areas, 
females, and in those with both HTN and T2D. Presence of T2D alone was associated with significantly 
higher risk of IKF compared to HTN alone (Odds Ratio 3.2 vs. 2.4); however, the risk was six fold higher 
in individuals with both HTN and T2D.

Interpretation & conclusions: The burden of IKF is high across India and is likely to rise further owing 
to high prevalence of metabolic risk factors. T2D seems to confer higher risk of IKF compared to HTN 
in this population.
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Globally, the burden of chronic kidney disease 
is rising, leading to ever increasing morbidity and 
mortality1,2. Impaired kidney function (IKF), a broad 
term that encompasses various kidney dysfunctions or 
diseases, ranging from mild, asymptomatic changes in 
function to severe end-stage kidney disease (ESKD), is 
characterised by a low estimated glomerular filtration 
rate (eGFR)3,4, which is a core indicator of kidney 
health. eGFR is used for detection, risk assessment, 
and management of kidney disease by longitudinal 
measurements. It is utilised for adjusting medication 
dosages. eGFR is also instrumental in estimating 
the prevalence and impact of kidney disease5. As 
determined by the global nephrology community and 
summarised in the 2012 and 2022 kidney disease: 
improving global outcomes (KDIGO) guidelines for the 
diagnosis and management of CKD, both eGFR along 
with albuminuria (as measured by urinary albumin-
creatinine ratio) are required to ascertain kidney health.

A global systematic literature review6 of population-
based studies which assessed the prevalence of IKF 
through eGFR among adults, reported prevalence of 
1.7 per cent and 8.1 per cent in Chinese and US studies, 
respectively, with four other studies indicating an 
estimated prevalence of 3.2-5.6 per cent. Consequences 
of IKF include the development of kidney failure, 
cardiovascular disease, an increased propensity to 
develop infections, mineral and bone disorders, protein 
energy malnutrition, and impairment of physical and 
cognitive function7,8.

Kidney disease is attributed largely to the growing 
burden of type 2 diabetes (T2D), systemic hypertension 
(HTN), and cardiovascular diseases (CVD)9. T2D and 
HTN have bidirectional link, both being a cause and 
a consequence of IKF10,11. With around 101 million 
people having T2D and 315 million having HTN 
in India12, IKF can be expected to become a major 
challenge for healthcare systems and the economy in 
the coming years.

Data are scarce in developing countries like India 
on the epidemiology of IKF in those with and without 
risk factors such as T2D and/or HTN. In this manuscript, 
we use nationally representative data from the Indian 
Council of Medical Research–INdia DIAbetes (ICMR-
INDIAB) study to report on the prevalence of IKF, 
measured by serum creatine-based estimated eGFR in 
India, disaggregated State-wise, and in urban and rural 
areas. We also report associations of IKF with T2D and 
HTN and compare the change in eGFR for every year/
decadal increase in age in individuals with and without 
T2D and HTN.

Materials & Methods

Sampling and study population: We utilised data 
from the national, cross-sectional, ICMR–INDIAB 
study, which is a population-based door-to-door 
survey conducted in adults aged ≥20 yr to assess 
diabetes and other metabolic disorders in India. The 
study methodology is published elsewhere12,13. The 
study received approval from the Institutional Ethics 
Committee of Madras Diabetes Research Foundation. 
Written informed consent was obtained from all study 
participants.

The survey involved a phased sampling of 113,043 
residents across 31 States and Union Territories 
(UTs)  between the years 2008 and 2020, utilising  a 
stratified multistage sampling approach12. The study 
was conducted in different phases. Phase I, carried 
out between 2008 and 2010, included four regions 
representing different parts of India: Tamil Nadu 
(South), Chandigarh (North), Jharkhand (East), and 
Maharashtra (West). Between 2011 and 2020, the 
remaining States were surveyed as follows: Phase 
II (2012–2013) covered undivided Andhra Pradesh 
(later split into Andhra Pradesh and Telangana), Bihar, 
Gujarat, Karnataka, and Punjab, the North East Phase 
(2011–2017) included Assam, Arunachal Pradesh, 
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, 
and Tripura. Phase III (2017–2018) involved Delhi, 
Madhya Pradesh, Rajasthan, and Uttar Pradesh, Phase 
IV (2018–2019) focused on Kerala, Goa, Puducherry, 
Haryana, and Chhattisgarh and Phase V (2019–
2020) included Himachal Pradesh, Uttarakhand, 
Odisha, and West Bengal. Further information on the 
sampling approach can be found in the Supplementary 
material (Supplementary Material; 1.1-1.5). A three-
tier stratification approach was employed, taking 
into account the State's geography, population size, 
and socioeconomic status (SES) to ensure the study 
population was representative. Census enumeration 
blocks in urban and villages in rural areas were the 
main sampling units. A systematic approach was 
employed to select 24 households from urban in each 
census enumeration block, and 56 households in each 
village from the rural areas. A household-based survey 
was conducted, and one person was randomly selected 
from each household using the WHO Kish method14. 
This approach minimised selection bias related to sex 
and age. Capillary blood glucose (CBG) was measured 
in all 1,13,043 participants, and venous blood was 
drawn in one in five participants (maintaining the 
representativeness of the sample), and in all those with 
known and newly detected diabetes (n=25,649). Serum 
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creatinine and glycated haemoglobin were measured 
from the venous sample. Of the 25,649 participants, 
for whom serum creatinine measurements were 
available, 241 individuals were excluded due to lack of 
information on HTN or T2D. Thus, the present analysis 
included a total of 25,408 participants (Supplementary 
Material; Fig. 3.1). Among these participants, missing 
data was <1 per cent for all variables, except waist 
circumference (1.8%) and HbA1c (2.5%).

Data collection: A standardised, pre-tested questionnaire 
was used to gather information on demographic 
characteristics, socio-economic factors, physical 
activity, dietary patterns, medical history, family 
history of diabetes, smoking and alcohol consumption. 
Current smoking was defined as self-reported use of 
tobacco products either daily or on some days within 
the past six months and current alcohol consumption 
as any self-reported alcohol intake, regardless of the 
amount or duration. Standardised methodologies were 
used to measure the participant’s weight (in kilograms), 
height (in centimetres), and waist circumference (in 
centimetres)12,15. Body mass index was calculated using 
the standard formula12. Blood pressure was recorded 
twice on the right arm 5 min apart, with the participant 
seated, using electronic monitors (Omron HEM-7101; 
Omron Corporation, Tokyo, Japan). The average of the 
two readings was taken as the final measurement. The 
inter and intra-observer coefficients of variation among 
field technicians were < 5 per cent. Consistency in 
equipment specifications was maintained throughout 
the study by utilising identical equipment to maintain 
quality assurance.

An oral glucose tolerance test (OGTT) was 
conducted using a One Touch Ultra glucose meter 
(Life Scan Johnson & Johnson, Milpitas, California) 
among those who had no previous history of diabetes 
after an overnight fast of at least 8 h. Individuals with 
known diabetes underwent a fasting capillary blood 
glucose (CBG) measurement. All biochemical assays 
were carried out using venous samples (drawn in a 
subset of individuals as mentioned above), which 
were centrifuged within an hour and the serum stored 
in labelled vials at –20°C prior to transportation 
to the centralised laboratory in Chennai. Using the 
Bio-Rad VariantTM II Turbo machine (Hercules, 
CA), HbA1c (glycated haemoglobin) was measured 
through high-pressure liquid chromatography, certified 
by the National Glycohemoglobin Standardisation 
Programme traceable to the Diabetes Control and 
Complications Trial (DCCT) standardised method16.

Serum cholesterol, HDL cholesterol and triglycerides 
were analysed using the CHOD-PAP, GPO-PAP 
and direct methods, respectively. LDL cholesterol 
concentrations were determined using the Friedewald 
equation. Serum creatinine was estimated by Jaffe’s 
kinetic method using Beckman kits (Beckman Coulter 
AU2700, clinical chemistry analyser, Fullerton, CA, 
USA), isotope dilution mass spectrometry  (IDMS)-
traceable. The variability within and between assays 
for biochemical tests ranged from 3.1 to 7.6 per cent.

GFR was estimated using the 2009 chronic 
kidney disease epidemiology collaboration (CKD-
EPI) equation (race free)=141 * min (Scr/κ,1)α * max 
(Scr/κ, 1)-1.209  * 0.993Age  * 1.018 [if female], where 
Scr is standardised serum creatinine (in mg/dL), k 
is 0.7 for females and 0.9 for males, α is −0.329 for 
females and −0.411 for males, min is the minimum of 
Scr/k or 1, and max is the maximum of Scr/k or 1 and 
age is participants’ age (in years)17. eGFR was also 
estimated using the new age and sex (AS) 2021 CKD-
EPI equation18 and the European Kidney Function 
Consortium (EKFC) creatinine-based equation (race 
free) for sensitivity analysis19. Formulae used for 
sensitivity analysis are provided in the Supplementary 
material (Supplementary Material; 2.1).

Definitions: The table I20-23 present the operational 
definitions used in this study.

Statistical analysis: We used SAS statistical package 
(version 9·4; SAS Institute, Inc., Cary, NC). Summary 
statistics were presented as mean (SD) for continuous 
variables and as proportions with 95 per cent confidence 
intervals (CI) for categorical variables. The calculation 
of sample weights took into consideration sampling at 
various levels within each State12. All statistical analyses 
were adjusted to reflect the complex survey structure, 
using appropriate survey weights and methods for 
estimating errors. For estimating population means, 
variance, and proportions, the State was taken into 
consideration as the stratum, the cluster as the primary 
sampling unit, and the normalised weight as the final 
study weight. Survey-adjusted linear regression and 
Wald χ² were used to compare the mean or percentage 
of variables between two groups (male and female, 
urban and rural).

A multiple linear regression analysis using eGFR 
as the dependent variable and age, study group and 
their interaction was used to assess the relationship 
between age and eGFR for the different study 
groups.  Additionally, multiple logistic regression 
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analysis was used to examine the association of various 
study groups with IKF, after adjusting for confounding 
variables. Age and sex-standardised IKF prevalence 
rate were derived using the World Health Organization 
(WHO) population estimates24. For statistical 
significance, alpha was set at 0.05.

Results

Of the 25,408 individuals included in the study, 
12,061 (47.5%) had neither HTN nor T2D, 5213 
(20.2%) had HTN but no T2D, 3333 (13.1%) had 
T2D but no HTN and 4891(19.2%) had both HTN 
and T2D (Supplementary Material; Fig. 3.1). The 
study population’s clinical and biochemical traits are 
presented in supplementary material; table 3.1. Of 
those with only HTN, 28.5 per cent (n=1,486) had 
self-reported HTN with a median HTN duration of 
2.0 (0.9 - 4.7) yr. Among those with only T2D, 48.8 
per cent (n=1626) had self-reported diabetes with a 
mean diabetes duration of 6.2±5.8 yr. Among those 
who had both the conditions, 54 per cent (n=2646, 
mean duration of HTN: 6.0±6.6 yr) and 61.2 per cent 
(n=2992, mean duration of T2D: 7.2±6.4 yr) were 
already known to have HTN and T2D, respectively. 
The mean age was highest among those with both 
HTN and T2D and lowest among those with neither 
condition. The sex distribution was equal in all groups 
except the only HTN group, where there was a female 
preponderance (56.9%). Weight, waist circumference, 
BMI, generalised and abdominal obesity and fasting 
and 2 h CBG were significantly higher in those with 
T2D (with or without HTN) compared to only HTN 
and without HTN and T2D group (P<0.001). Blood 
pressure (systolic and diastolic), smoking and alcohol 
use were significantly higher in individuals with 

only HTN compared to individuals with only T2D 
(P<0.001). Of all the three groups, the group with 
HTN and T2D had the worst metabolic (glycaemic and 
lipid) parameters. The mean eGFR was highest among 
those without HTN or T2D (113.7 mL/min/1.73 m2) 
and lowest in those with both HTN and T2D (94.3 mL/
min/1.73 m2) (Supplementary Material; Table 3.1).

Overall, the weighted prevalence of IKF was 3.2 
per cent (95% CI: 2.9–3.5). The prevalences of IKF 
by residence (urban/rural), gender disease condition 
(presence of HTN and/or T2M), and stage of disease 
(newly detected/self-reported) are shown in table II. 
The prevalence of IKF in urban and rural areas did not 
differ significantly while it was significantly higher 
among males compared to females. The WHO age-
standardised overall prevalence rate of IKF was 2.7 
per cent. When the prevalence of IKF was stratified 
based on the presence or absence of HTN and T2D, 
it was lowest among individuals without HTN and 
T2D and highest among those with both HTN and 
T2D. The prevalence of IKF was significantly higher 
among those with self-reported HTN and those with 
self-reported T2D compared to those who had newly 
detected HTN and T2D. When sensitivity analysis was 
done using 2021 new AS CKD-EPI 2021 equation 
(race free)18 the overall prevalence of IKF decreased to 
2.7 per cent (95% CI: 2.4–2.9), while when the EKFC 
creatinine-based equation (race free)19 was used, the 
prevalence was nearly the same (3.3%; 95% CI: 3.0–
3.5) (Supplementary Material; Table 3.2).

Figure 1 shows the State/Union Territory (UT) 
wise weighted prevalence of IKF in India. In the 
overall study population, the prevalence of IKF ranged 
from 0.6 per cent in Chandigarh to 7.4 per cent in Goa 

Table I. Operational definitions used in the study
Source Definition Reference
World Health Organization (WHO) Diabetes: Diagnosed if fasting CBG ≥ 126 mg/dL (7.0 mmol/L), and/or 2 h after 

an oral glucose load CBG ≥200 mg/dL(11.1mmol/L), and/or those who were on 
antidiabetic agents

20

Joint National Committee (JNC 8) Systematic hypertension: Diagnosed in individuals who had systolic blood 
pressure 140 mmHg & above or diastolic blood pressure 90 mmHg or above or 
were on antihypertensive medication

21

Kidney Disease: Improving Global 
Outcomes (KDIGO) CKD Work 
Group

Impaired kidney function: Characterised by an eGFR less than 60 mL/min/1.73 m 22

WHO Asia Pacific guidelines Generalised obesity: Defined as a BMI≥25kg/m² 23
WHO Asia Pacific guidelines Abdominal obesity: Defined as a waist circumference 90 cm or more for men & 

80 cm or more for women
23
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and Telangana. Four States/UT had IKF prevalence of 
≥4 per cent and <6 per cent (Himachal Pradesh, West 
Bengal, Tamil Nadu, Puducherry), while four States 
had prevalence of IKF ≥6 per cent (Goa, Telangana, 
Kerala, Odisha).

Supplementary Material; figures 3.2 and 3.3 
provide the prevalence of IKF among those with self-
reported HTN and self-reported T2D respectively, 
stratified based on duration of the disease. There was 
a significant increase in the prevalence of IKF with 
increase in duration of HTN in the HTN and both HTN 
and T2D groups. Among individuals with duration of 
HTN <5 yr, the prevalence of IKF was 3.9 per cent 
and 8.6 per cent in the only HTN and both HTN and 
T2D groups, respectively; in those with duration of 
HTN ≥20 yr, the corresponding figures were 19.4 per 
cent and 23.0 per cent, respectively (trend P<0.001). 
A similar trend was observed in the prevalence of 
IKF with increase in duration of T2D (Supplementary 
Material; Fig. 3.3). The prevalence of IKF was 2.2 per 
cent and 7.1 per cent in individuals with only T2D and 

both HTN and T2D when the duration of T2D was <5 
yr, which increased to 13 per cent and 25.9 per cent 
in those with ≥20 yr of T2D duration, respectively 
(P<0.001).

Figure 2 depicts the age-wise distribution of eGFR 
among the study groups. The fastest change in eGFR 
was observed in the group with both HTN and T2D, 
followed by those with only T2D, only HTN and 
the no HTN and T2D groups. The changes between 
groups were statistically significant. Supplementary 
material; figures 3.4 and 3.5 present the overall 
distribution of eGFR and density plots of eGFR by 
different age groups in the various study groups. The 
histogram of eGFR from the overall study participants 
indicates a left skewed distribution with mean eGFR of 
106.4±20.4 mL/min/1.73 m2 (Supplementary Material; 
Fig. 3.4). There is a normal eGFR distribution among 
individuals without HTN and T2D and an increasing 
skewness to the left in the eGFR distributions among 
the other three groups in the advanced age groups 
(Supplementary Material; Fig. 3.5).

Table II. Prevalence of impaired kidney function in the study population
Total, n Unweighted, n Prevalence (%) 95% Confidence interval P value

Overall# 25,408 844 3.2 2.9-3.5
Area wise#

Urban 8281 300 3.3 2.8-3.7 0.681
Rural 17127 544 3.2 2.8-3.5
Sex wise#

Females 12359 349 2.6 2.3-2.9 <0.001
Males 13049 495 3.8 3.4-4.2
Overall$ 25,088 773 2.7 1.5-3.8
Sex wise$

Females 12209 459 2.4 1.0-3.8 0.014
Males 12879 314 2.9 1.0-4.7
Group wise#

Individuals without hypertension/diabetes 12,061 147 1.2 1.0-1.4
Individuals with hypertension 5,123 153 2.8 2.3-3.4 <0.001@

Individuals with diabetes 3,333 119 3.7 3.0-4.5
Individuals with diabetes & hypertension 4,891 425 8.1 7.2-9.0
Individuals with hypertension 
Newly detected 5867 211 3.4 2.9-4.0 <0.001
Self-reported 4147 367 8.2 7.2-9.2
Individuals with diabetes 
Newly detected 3403 131 3.9 3.1-4.6 <0.001
Self-reported 4821 413 8.1 7.3-9.0

@Compared to individuals without hypertension/diabetes; # Weighted prevalence; $World Health Organization (WHO) age standardised 
prevalence 



149PRADEEPA et al: PREVALENCE OF IMPAIRED KIDNEY FUNCTION IN INDIA

decadal decreases also. When sensitivity analysis was 
done among individuals with self-reported HTN and/
or T2D (Supplementary Material; Table 3.3), a similar 
trend was observed.

The results of logistic regression analysis using 
IKF as dependent variable showed that individuals 
with HTN and T2D had six times higher odds for IKF 
compared to those without both the disorders, even 
after adjusting for age, sex, BMI, added salt intake 
and current smoking. Individuals with only T2D had a 
greater risk for IKF compared to those with only HTN. 
The risk for IKF was higher in urban areas and males 
(Table IV).

Discussion

We present national data on IKF in a population 
representative sample of over 25,000 adults from urban 
and rural areas of all 31 States/Union Territories of 
India. The weighted prevalence of IKF (as measured by 
eGFR) was 3.2 per cent with no significant difference 
in urban and rural areas, with higher prevalence among 
males compared to females. Four States/UT had 

Himachal Pradesh – 4.5

Uttarakhand – 3.1

Delhi – 3.2

Uttar Pradesh -2.9 Sikkim - 2.6

Arunachal Pradesh -2.0

Assam – 1.1
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Meghalaya – 3.3

Manipur - 1.4

Tripura - 3.8

Mizoram -  1.8

Punjab – 2.0
Chandigarh – 0.6

Haryana – 2.2

Rajasthan -1.4 

Gujarat –3.9

Madhya Pradesh  - 2.2

Maharashtra –3.6 

Goa – 7.4 

Karnataka – 2.1

Kerala – 6.1 
Puducherry – 4.2

Tamil Nadu – 4.3 

Andhra Pradesh – 3.0

Telangana – 7.4

Chhattisgarh – 2.4

Odisha – 6.2 

Jharkhand – 3.1 

West Bengal –5.1  

Bihar – 0.8 
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2 - < 4 %
4 - <  6 %
≥ 6 %

Fig 1

Fig. 1. Prevalence of impaired kidney function by individual state /UT (ICMR-INDIAB study: 31 States/Union territories) (Source: https://
www.mapchart.net/india.html).

Fig. 2. Age wise eGFR in the study groups.
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Table III shows the change in eGFR for every 
yearly/decadal increase in age, also stratified by 
urban/rural setting, and gender. Overall, a significant 
decadal decrease in eGFR with age was observed 
among both males and females by -9.10 and -9.49 ml/
min/1.73 m2, respectively and among both urban and 
rural residents by -9.51 and -9.22 ml/min/1.73 m2, 
respectively. The highest annual change in eGFR 
was seen for those with both HTN and T2D, in males 
and in urban areas. Similar trends were seen for the 
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Table III. Change in eGFR for every year/decade increase in age among individuals in the study population
Urban Rural Male Female Overall

β (95% CI) β (95% CI) β (95% CI) β (95% CI) β (95% CI)
Change in eGFR with yearly increase in age
Overall
Change 
in eGFR

-0.99 (-1.01 to -0.96) -0.97 (-0.98 to -0.95) -0.94 (-0.97 to -0.92) -1.00 (-1.01 to -0.98)** -0.97 (-0.99 to -0.96)

Individuals without hypertension or diabetes
Change 
in eGFR

-0.92 (-0.96 to -0.87) -0.87 (-0.90 to -0.85) -0.82 (-0.85 to -0.80) -0.95 (-0.97 to -0.92)* -0.88 (-0.90 to -0.86)

Individuals with only hypertension
Change 
in eGFR

-0.92 (-0.98 to -0.86) -0.91 (-0.95 to -0.87) -0.88 (-0.93 to -0.84) -0.96 (-1.01 to -0.92)** -0.91 (-0.94 to -0.88)

Individuals with only diabetes
Change 
in eGFR

-1.01 (-1.08 to -0.95) -1.02 (-1.08 to -0.96) -0.99 (-1.06 to -0.92) -1.01 (-1.07 to -0.96) -1.02 (-1.06 to -0.98)

Individuals with hypertension and diabetes
Change 
in eGFR

-1.09 (-1.17 to -1.01) -1.04 (-1.10 to -0.99) -1.11 (-1.17 to -1.05) -1.02 (-1.09 to -0.95) -1.06 (-1.11 to -1.02)

Change in eGFR with decadal increase in age
Overall
Change 
in eGFR

-9.51 (-9.82 to -9.20) -9.22 (-9.40 to -9.05) -9.10 (-9.31 to -8.89) -9.49 (-9.70 to -9.27)** -9.32 (-9.48 to -9.17)

Individuals without hypertension or diabetes
Change 
in eGFR

-8.75 (-9.29 to -8.31) -8.31 (-8.52 to -8.09) -7.89 (-8.16 to -7.62) -8.91 (-9.20 to -8.62)* -8.40 (-8.86 to -8.20)

Individuals with only hypertension
Change 
in eGFR

-8.83 (-9.45 to -8.20) -8.61 (-8.96 to -8.25) -8.49 (-8.91 to -8.07) -9.0 (-9.43 to -8.56) -8.66 (-8.96 to -8.35)

Individuals with only diabetes
Change 
in eGFR

-9.62 (-10.29 to -8.94) -9.56 (-10.12 to -9.00) -9.33 (-10.01 to -8.65) -9.55 (-10.11 to -9.00) -9.62 (-10.05 to -9.19)

Individuals with hypertension and diabetes
Change 
in eGFR

-10.28 (-11.00 to -9.56) -9.73 (-10.27 to -9.18) -10.51 (-11.11 to -9.90) -9.48** (-10.11 to -8.85) -9.98 (-10.42 to -9.54)

P*<0.001, **<0.05 compared to male. CI, confidence interval; eGFR, estimated glomerular filtration rate

Table IV. Associations of impaired kidney function with hypertension/diabetes status
Hypertension/diabetes status Adjusted Odds Ratio (95% CI)*#

Urban* Rural* Male# Female# Overall*

Without hypertension or diabetes (Reference)
Only hypertension 4.0 (1.7 - 9.6) 2.0 (1.4–3.0) 2.5 (1.6–3.9) 2.3 (1.3–3.8) 2.4 (1.7 - 3.4)
Only diabetes 3.0 (1.2 - 7.7) 3.5 (2.4 - 5.2) 4.3 (2.7–6.8) 1.8 (1.0–3.3) 3.2 (2.2 - 4.6)
With hypertension& diabetes 7.3 (3.2 - 16.4) 6.3 (4.4 - 8.9) 7.4 (4.9–11.0) 4.8 (2.9–7.7) 6.2 (4.5 - 8.6)

*Adjusted for age, sex, added salt intake, current smoking, BMI;#Adjusted for age, added salt intake, current smoking and BMI

prevalence of IKF ≥4 per cent and <6 per cent and four 
States had prevalence of IKF ≥6 per cent. Individuals 
with T2D had a higher risk of IKF than those with 
HTN, even after adjusting for confounding factors. 

Those with both HTN and T2D had the highest risk of 
IKF. The yearly decrease in eGFR was around 1.0 mL/
min/1.73 m2; this was greater in urban areas, females 
and in the group with both HTN and T2D.
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India has one of the largest numbers of people with 
HTN and T2D in the world. Therefore, the numeric 
burden of IKF in India is also likely to be high. A 
comprehensive review and meta-analysis of South 
Asian population-level studies on CKD prevalence, 
reported the prevalence of CKD in general population 
of India to be 16 per cent which varied from 6 per 
cent to 32 per cent25. A cross-sectional study by the 
International Society of Nephrology's Kidney Disease 
Data Center reported an IKF prevalence of 2.5 per 
cent based on eGFR (CKD-EPI criteria)26. Another 
population-based study conducted across India 
reported IKF prevalence of 13.1 per cent27, while 
the screening and early evaluation of kidney disease 
(SEEK) study reported prevalence of 16.4 per cent 
using the CKD-EPI criteria28. The SEEK-Andhra study 
reported IKF in 9.2 per cent, though these were camp-
based and may have overrepresented individuals with 
known diseases29. The center for cardiometabolic risk 
reduction in South Asia (CARRS) study, conducted 
in New Delhi and Chennai, found a crude IKF 
prevalence of 1.6 per cent, increasing to 2.6 per cent 
after age standardisation (based on 2012 KDIGO CKD 
guidelines)30. A comparison between India (Punjab) 
and the USA showed a lower prevalence in India (2% 
vs. 3.8%)31. Our study reported an IKF prevalence of 
3.2 per cent, aligning with earlier population-based 
findings26,30,31.

In a study conducted in rural Andhra Pradesh, 
of the 403 participants who had CKD, 53.6 per cent 
were women32. The CARRS study also reported higher 
prevalence of CKD (Stage 3-5 defined as eGFR<60 
mL/min per 1.73m2) among women30. However, 
the SEEK study reported higher prevalence of CKD 
among males compared to females28 which is similar 
to that observed in our study.

T2D and HTN are the major risk factors for kidney 
disease worldwide. Shrestha et al25 reported CKD 
prevalence of 27 per cent in adults with hypertension 
and 31 per cent in those with diabetes in a meta-analysis 
of population-based studies South Asia. The multi-
centre Start India study reported renal dysfunction in 
22.6 per cent of individuals with T2D33. A rural South 
India study found CKD in 11 per cent of people with 
diabetes, 14 per cent with hypertension, and 15 per cent 
with both34, consistent with our findings. In contrast, a 
study of 12,500 individuals without diabetes or HTN 
across urban and rural areas of North (Delhi, Haryana) 
and South India (Andhra Pradesh, Tamil Nadu) found 
lower CKD prevalence – 1.4 per cent and 1.9 per cent 
in northern urban and rural areas, and 0.43 per cent 

and 4.8 per cent in southern urban and rural areas – 
indicating lower IKF risk in the absence of these major 
risk factors35.

Global data suggest HTN poses a greater IKF 
risk than diabetes, but Indian evidence suggests the 
converse. According to the Indian CKD registry, 
diabetic kidney disease is the leading cause of CKD 
nationwide (31.1%)36. A study reported that South 
Asians with diabetes had a higher IKF risk than those 
with HTN (OR 2.25 vs. 1.57)26. Individuals with both 
T2D and HTN have the highest odds of developing 
IKF (6-fold increased risk as per our findings), 
demonstrating the multiplicative effect of these risk 
factors.

The population-based CARRS study reported that 
the mean eGFR among healthy individuals was 108 
mL/min/1.73 m2, which was higher than what has been 
reported in other ethnic groups37. Our study reports 
a similar finding with the eGFR among individuals 
without HTN and T2D being 113.7 mL/min/1.73 
m². A community-based study conducted in Mexico 
reported the mean eGFR to be 109.4, 92.1, 95.4 and 
85.5 mL/min/1.73 m² among individuals without T2D 
and HTN, with only HTN, with only T2D and with 
both the disorders, respectively38. In our study, the 
mean eGFR was higher in all the groups, compared to 
the Mexican study. It needs to be pointed out, that the 
current GFR estimating equations overestimate GFR 
in Indians by 20-30 per cent, suggesting the true value 
is likely lower.

A change in eGFR with increasing age was observed 
in both urban and rural areas, in all the groups studied. 
This likely reflects the natural decline in eGFR. We 
report that 47.5 per cent of the variability in eGFR is 
due to age. An early study reported that starting in the 
third decade of life, eGFR decreases by approximately 
1 mL/min/m² per year39. Our study corroborates these 
findings. Thus, regular monitoring of eGFR and overall 
kidney function becomes increasingly important as 
people age so as to manage and potentially mitigate the 
impact of these age-related changes.

The wide variation in IKF prevalence across 
Indian States/UTs warrants further investigation. It 
is interesting to note that states with higher IKF rates 
were linked to poorer glycaemic control. Differences 
in healthcare infrastructure in different States, along 
with environmental factors like nephrotoxin exposure 
and extreme temperatures or humidity, may also play 
a role, as these have been associated with increased 
CKD burden in in different parts of India40,41.
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In the current study, GFR was estimated using 
the 2009 CKD-EPI equation (race free). When we 
assessed the prevalence of IKF using 2021 new AS 
CKD-EPI 2021 equation (race free) we found that 
the overall prevalence of IKF decreased by 0.5 per 
cent compared to the prevalence reported using 2009 
CKD-EPI equation (2.7% vs. 3.2%, respectively). 
Studies conducted in Asian Indians42, Chinese43 and 
Korean and US Asian populations44 have also reported 
similar observations, which resulted in significant 
reclassification among those originally classified as 
having IKF. However, when the EKFC creatinine-
based equation (race free) was used in our study, there 
was not much difference in the prevalence of IKF 
compared to 2009 CKD-EPI equation (3.3% vs. 3.2%, 
respectively), while studies conducted in the Korean45 
and US population46 comparing these two equations 
have reported an increase in the prevalence of CKD.

The study's key strength includes the fact that 
it is a truly representative national study based on a 
large sample size and careful study design, taking into 
account urban-rural and geographical diversity of all 
the States/UTs studied. The large sample size gives 
sufficient power to find significant results. The cross-
sectional design of this study is one of the drawbacks; 
therefore, causal pathways underlying the reported 
relationships between risk factors such as T2D and 
systemic hypertension with IKF cannot be inferred. 
Secondly, serum creatinine data was available only 
on every 5th participant and those with diabetes, as this 
paper presents a sub analysis of research conducted as 
a component of a larger diabetes study in India. The 
third limitation was that even though the diagnosis of 
IKF requires persistently low eGFR over three months, 
we were constrained to use a single serum creatinine 
measurement, as it is challenging to do repeated 
measurements in large epidemiological studies. Thus, 
the use of a single eGFR measurement may lead to 
misclassification of IKD status, potentially resulting 
in overestimation of its prevalence. However, single 
cross-sectional measurements have been reported 
in epidemiological surveys globally47,48. The fourth 
limitation was that our study did not assess albuminuria 
(for CKD diagnosis) because of difficulties in collecting 
urine samples in a study of this magnitude. The latter 
is of particular significance as albuminuria is often 
(but not always) the first manifestation to appear in 
individuals with diabetes who develop kidney disease. 
Future studies should address this gap. Another 
limitation is the use of the CKD-EPI 2009 creatinine-
based (race-free) equation to estimate eGFR, which has 
not been specifically validated in the Indian population. 

In the absence of a validated equation for this context, 
the KDIGO Work Group recommends using equations 
validated in similar geographic or ethnic populations. 
Furthermore, current guidelines advise reporting 
eGFRcr in adults using the 2009 CKD-EPI creatinine 
equation. The Work Group acknowledges that more 
accurate equations may be developed in the future and 
supports their adoption when available. Efforts are 
currently underway to develop an eGFR prediction 
equation tailored to the Indian population, which may 
improve accuracy in future studies49.

In conclusion, IKF is a significant public health 
concern in India, particularly among those with T2D 
and/or HTN. Given the high burden of T2D, HTN, and 
other risk factors for IKF in the population, focusing 
on testing high-risk individuals is a practical and 
effective strategy. By identifying individuals at higher 
risk early, we can implement preventive measures 
and manage risk factors more effectively. Adding 
albuminuria testing to serum creatinine will make this 
program more comprehensive. In the Indian context, 
the integration of serum creatinine testing into existing 
National Programme for Prevention & Control of Non-
Communicable Diseases (NP-NCD), which is already 
facilitating routine screening for major CKD risk 
factors such as diabetes and HTN, offers a feasible and 
potentially effective strategy for the early detection of 
IKF, particularly among high-risk individuals. Given 
the relatively low cost and wide availability of creatinine 
testing, such an approach is likely to be scalable within 
the public health system. Additionally, strengthening 
primary care infrastructure, enabling automated eGFR 
reporting in laboratories, and training healthcare 
providers in CKD risk assessment and management are 
essential system-level enhancements. Public awareness 
campaigns and community health worker engagement 
can further support uptake and adherence. Also, 
there are now effective evidence-based interventions 
available for reducing the progression and risk of 
adverse outcomes of IKF, particularly in T2D50. Public 
health campaigns, regular screening programs, and 
improving access to healthcare are essential steps in 
addressing this issue. Educating people about lifestyle 
changes, such as managing blood pressure and blood 
glucose levels, maintaining a healthy diet, and avoiding 
nephrotoxins, can also play a key role in reducing the 
prevalence and impact of IKF.

Financial support & sponsorship:  This study received 
funding support from the Department of Health Research (DHR), 
Ministry of Health and Family Welfare, Government of India, New 
Delhi (No. 57/1/VM/INDIAB-DHR/2012-NCD-II) and the Indian 
Council of Medical Research (No. 55/1/TF/Diab/07-NCD-II).



153PRADEEPA et al: PREVALENCE OF IMPAIRED KIDNEY FUNCTION IN INDIA

Conflicts of Interest: None.

Use of Artificial Intelligence (AI)-Assisted Technology 
for manuscript preparation: The authors confirm that there 
was no use of AI-assisted technology for assisting in the writing of 
the manuscript and no images were manipulated using AI.

References
1. 	 GBD Chronic Kidney Disease Collaboration. Global, regional, 

and national burden of chronic kidney disease, 1990-2017: a 
systematic analysis for the Global Burden of Disease Study 
2017. Lancet 2020; 395 : 709-33.

2. 	 GBD 2017 Causes of Death Collaborators. Global, regional, 
and national age-sex-specific mortality for 282 causes of 
death in 195 countries and territories, 1980-2017: a systematic 
analysis for the global burden of disease study 2017. Lancet 
2018; 392 : 1736-88.

3. 	 Thompson A, Lawrence J, Stockbridge N. GFR decline as an 
end point in trials of CKD: a viewpoint from the FDA. Am J 
Kidney Dis 2014; 64 : 836-7.

4. 	 Provenzano M, Hu L, Abenavoli C, Cianciolo G, Coppolino 
G, De Nicola L, et al. Estimated glomerular filtration rate in 
observational and interventional studies in chronic kidney 
disease. J Nephrol 2024; 37 : 573-86.

5. 	 Levey AS, Titan SM, Powe NR, Coresh J, Inker LA. Kidney 
Disease, Race, and GFR Estimation. Clin J Am Soc Nephrol 
2020; 15 : 1203-12.

6. 	 McCullough K, Sharma P, Ali T, Khan I, Smith WC, MacLeod 
A, et al. Measuring the population burden of chronic kidney 
disease: a systematic literature review of the estimated 
prevalence of impaired kidney function. Nephrol Dial 
Transplant 2012; 27 :1812-21.

7. 	 Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et 
al. Chronic kidney disease: Global dimension and perspectives. 
Lancet 2013; 382 : 260-72.

8. 	 Jha V, Wang AY, Wang H. The impact of CKD identification in 
large countries: the burden of illness. Nephrol Dial Transplant 
2012; 27 : iii32-8.

9. 	 Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney 
disease. Lancet 2017; 389 : 1238-52.

10. 	Kumar M, Dev S, Khalid MU, Siddenthi SM, Noman M, John 
C, et al. The bidirectional link between diabetes and kidney 
disease: mechanisms and management. Cureus 2023; 15 : 
e45615.

11. 	De Bhailis ÁM, Kalra PA. Hypertension and the kidneys. Br J 
Hosp Med (Lond) 2022; 83 : 1-11.

12. 	Anjana RM, Unnikrishnan R, Deepa M, Pradeepa R, Tandon 
N, Das AK, et al. Metabolic non-communicable disease health 
report of India: the ICMR-INDIAB national cross-sectional 
study (ICMR-INDIAB-17). Lancet Diabetes Endocrinol 2023; 
11 : 474-89.

13. 	Anjana RM, Pradeepa R, Deepa M, Datta M, Sudha V, 
Unnikrishnan R, et al. The Indian Council of medical research–
India diabetes (ICMR–INDIAB) study: Methodological 
details. J Diabetes Sci Technol 2011; 5 : 906-14.

14. 	World Health Organization. WHO STEPwise approach to 
surveillance). Available from: https://www.who.int/europe/
tools-and-toolkits/who-stepwise-approach-to-surveillance, 
accessed on January 10, 2025.

15. 	Lohman TJ, Roache AF, Martorell R. Anthropometric 
standardization reference manual. Med & Sci Sports & Exerc 
1992; 24 : 952.

16. 	National Glycohemoglobin Standardization Program. List 
of NGSP certified methods. Available from: https://ngsp.org/
docs/methods.pdf, accessed on January 10, 2025.

17. 	Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 
Feldman HI, et al. A new equation to estimate glomerular 
filtration rate. Ann Intern Med 2009; 150 : 604-12.

18. 	Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang 
Y, et al. New creatinine- and cystatin C-based equations to 
estimate GFR without race. N Engl J Med 2021; 385 : 1737-49.

19. 	Pottel H, Björk J, Courbebaisse M, Couzi L, Ebert N, Eriksen 
BO, et al. Development and validation of a modified full age 
spectrum creatinine-based equation to estimate glomerular 
filtration rate: a cross-sectional analysis of pooled data. Ann 
Intern Med 2021; 174 : 183-91.

20. 	World Health Organization. Definition and diagnosis of 
diabetes mellitus and intermediate hyperglycemia: report of a 
WHO/IDF consultation. Geneva: WHO; 2006.

21. 	James PA, Oparil S, Carter BL, Cushman WC, Dennison-
Himmelfarb C, Handler J, et al. 2014 evidence-based guideline 
for the management of high blood pressure in adults: report 
from the panel members appointed to the Eighth Joint National 
Committee (JNC 8). JAMA 2014; 311 : 507-20.

22. 	Kidney disease: Improving global outcomes (KDIGO) CKD 
Work Group. KDIGO 2012 clinical practice guideline for the 
evaluation and management of chronic kidney disease. Kidney 
Int Suppl 2013; 3 : 1-150.

23. 	World Health Organization. The Asia Pacific perspective: 
redefining obesity and its treatment. 2000. Available from: 
https://iris.who.int/handle/10665/206936, accessed on January 
16, 2025.

24. 	World Health Organization. Age standardization of rates: 
Anew WHO standard. GPE discussion paper series: No. 31. 
Geneva: WHO; 2001. 

25. 	Shrestha N, Gautam S, Mishra SR, Virani SS, Dhungana RR. 
Burden of chronic kidney disease in the general population and 
high-risk groups in South Asia: a systematic review and meta-
analysis. PLoS One 2021; 16 : e0258494.

26. 	Ene-Iordache B, Perico N, Bikbov B, Carminati S, Remuzzi 
A, Perna A, et al. Chronic kidney disease and cardiovascular 
risk in six regions of the world (ISN-KDDC): a cross-sectional 
study. Lancet Glob Health 2016; 4 : e307-19.

27. 	Varma PP, Raman DK, Ramakrishnan TS, Singh P, Varma 
A. Prevalence of early stages of chronic kidney disease in 
apparently healthy central government employees in India. 
Nephrol Dial Transplant 2010; 25 : 3011-7.

28. 	Singh AK, Farag YMK, Mittal BV, Subramanian KK, Reddy 
SRK, Acharya VN, et al. Epidemiology and risk factors 
of chronic kidney disease in India–results from the SEEK 



154 INDIAN J MED RES, AUGUST 2025

(Screening and early evaluation of kidney disease) study. BMC 
Nephrol 2013; 14 : 114.

29. 	Farag YMK, KaraiSubramanian K, Singh VA, Tatapudi RR, 
Singh AK. Occupational risk factors for chronic kidney disease 
in Andhra Pradesh: ‘Uddanam Nephropathy’. Renal Failure 
2020; 42 : 1032-41.

30. 	Anand S, Shivashankar R, Ali MK, Kondal D, Binukumar B, 
Montez-Rath ME, et al. Prevalence of chronic kidney disease 
in two major Indian cities and projections for associated 
cardiovascular disease. Kidney Int 2015; 88 : 178-85.

31. 	Bragg-Gresham J, Thakur JS, Jeet G, Jain S, Pal A, Prasad R, 
et al. Population-based comparison of chronic kidney disease 
prevalence and risk factors among adults living in the Punjab, 
Northern India and the USA (2013–2015). BMJ Open 2020; 10 
: e040444.

32. 	Tatapudi RR, Rentala S, Gullipalli P, Komarraju AL, Singh 
AK, Tatapudi VS, et al. High prevalence of CKD of unknown 
etiology in Uddanam, India. Kidney Int Rep 2018; 4 : 380-9.

33. 	Prasannakumar M, Rajput R, Seshadri K, Talwalkar P, Agarwal 
P, Gokulnath G, et al. An observational, cross-sectional study 
to assess the prevalence of chronic kidney disease in type 2 
diabetes patients in India (START-India). Indian J Endocrinol 
Metab 2015; 19 : 520-3.

34. 	Newtonraj A, Tovia S, Girija G, Manikandan M, Vincent A. 
Chronic kidney disease among diabetes and hypertensive 
patients in a remote rural area of South India: a population-
based cross-sectional study. Indian J Nephrol 2021; 31 : 420-2.

35. 	O'Callaghan-Gordo C, Shivashankar R, Anand S, Ghosh 
S, Glaser J, Gupta R, et al. Prevalence of and risk factors 
for chronic kidney disease of unknown aetiology in India: 
Secondary data analysis of three population-based cross-
sectional studies. BMJ Open 2019; 9 : e023353.

36. 	Rajapurkar MM, John GT, Kirpalani AL, Abraham G, Agarwal 
SK, Almeida AF, et al. What do we know about chronic kidney 
disease in India: first report of the Indian CKD registry. BMC 
Nephrol 2012; 13 : 10.

37. 	Jagannathan R, Anand S, Hogan J, Mandal S, Kondal D, Gupta 
R, et al. Estimated glomerular filtration rate trajectories in 
south Asians: Findings from the cardiometabolic risk reduction 
in south Asia study. Lancet Reg Health Southeast Asia 2022; 6 
: 100062.

38. 	Gutiérrez-León E, Escamilla-Santiago R, Pacheco-Domínguez 
R, Martínez-Amezcua P, Correa-Rotter R, López-Cervantes M. 
Utility of estimated glomerular filtration rate in hypertensive 
and type 2 diabetic patients: Results from a community-based 
study. Arch Clin Biomed Res 2023; 7 : 315-24.

39. 	Waas T, Schulz A, Lotz J, Rossmann H, Pfeiffer N, Beutel ME, 
et al. Distribution of estimated glomerular filtration rate and 
determinants of its age dependent loss in a German population-
based study. Sci Rep 2021; 11 : 10165.

40. 	Biswas P, Sahu AK, Nath SR, Mir SA, Naik PK, Kariali E, 
et al. Prevalence of chronic kidney disease and its association 
with pesticide exposure in Bargarh District, Odisha, India. 
Indian J Nephrol 2024; 34 : 467-74.

41. 	Atlani M, Kumar A, Ahirwar R, Meenu MN, Goel SK, Kumari 
R, et al. Heavy metal association with chronic kidney disease 
of unknown cause in central India–Results from a case-control 
study. BMC Nephrol 2024; 25 : 120.

42. 	Khandpur S, Awasthi A, Behera MR, Purty AJ, Singh NP, 
Tiwari S. Kidney disease burden in an Asian Indian population: 
effect of the new 2021 serum creatinine CKD-EPI equation. 
Diabetes Res Clin Pract 2022; 193 : 110120.

43. 	Shen Y, Wu H, Liu X, Zhu J, Shao W, Wang B, et al. Comparison 
of the 2021 and 2009 chronic kidney disease epidemiology 
collaboration creatinine equation for estimated glomerular 
filtration rate in a Chinese population. Clin Biochem 2023; 116 
: 59-64.

44. 	Hwang J, Kim K, Coresh J, Inker LA, Grams ME, Shin JI. 
Estimated GFR in the Korean and US Asian populations using 
the 2021 creatinine-based GFR estimating equation without 
race. Kidney Med 2024; 6 : 100890.

45. 	Lee S, Lee GH, Kim H, Yang HS, Hur M. Application of the 
European kidney function consortium equation to estimate 
glomerular filtration rate: a comparison study of the CKiD 
and CKD-EPI equations using the Korea National Health 
and Nutrition Examination Survey (KNHANES 2008-2021). 
Medicina (Kaunas) 2024; 60 : 612.

46. 	Emrich IE, Pickering JW, Götzinger F, Kramann R, Kunz 
M, Lauder L, et al. Comparison of three creatinine-based 
equations to predict adverse outcome in a cardiovascular 
high-risk cohort: an investigation using the SPRINT research 
materials. Clin Kidney J 2024; 17 : sfae011.

47. 	Centers for Disease Control and Prevention. Chronic Kidney 
Disease. Chronic kidney disease in the United States, 2023. 
Available from: https://www.cdc.gov/kidney-disease/media/
pdfs/CKD-Factsheet-H.pdf, accessed on January 16, 2025.

48. 	Hounkpatin HO, Harris S, Fraser SDS, Day J, Mindell JS, 
Taal MW, et al. Prevalence of chronic kidney disease in adults 
in England: comparison of nationally representative cross-
sectional surveys from 2003 to 2016. BMJ Open 2020; 10 : 
e038423.

49. 	Yadav AK, Ghosh A, Kumar V, Parameswaran S, Kar SS, 
Thakur JS, et al. Development and validation of an accurate 
creatinine-based equation to estimate glomerular filtration rate 
for the adult Indian Population: Design and methods. Indian J 
Nephrol 2024 : 1-8.

50. 	Naaman SC, Bakris GL. Diabetic nephropathy: update on 
pillars of therapy slowing progression. Diabetes Care 2023; 46 
: 1574-86.

For correspondence: �Dr Ranjit Mohan Anjana, Department of Diabetology, Madras Diabetes Research Foundation & Dr Mohan’s Diabetes 
Specialties centre, Chennai 600 086, Tamil Nadu, India  
e-mail: dranjana@drmohans.com




