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ORIGINAL RESEARCH

Differential Associations of Cystatin C 
Versus Creatinine- Based Kidney Function 
With Risks of Cardiovascular Event and 
Mortality Among South Asian Individuals in 
the UK Biobank
Debbie C. Chen, MD, MAS; Jennifer S. Lees, MBChB, PhD; Kaiwei Lu, MS; Rebecca Scherzer , PhD;  
Elaine Rutherford, MBChB, PhD; Patrick B. Mark , MBChB, PhD; Alka M. Kanaya , MD;  
Michael G. Shlipak , MD, MPHMichelle M. Estrella , MD, MHS*

BACKGROUND: South Asian individuals have increased cardiovascular disease and mortality risks. Reliance on creatinine-  rather 
than cystatin C– based estimated glomerular filtration rate (eGFRcys) may underestimate the cardiovascular disease risk as-
sociated with chronic kidney disease.

METHODS AND RESULTS: Among 7738 South Asian UK BioBank participants without prevalent heart failure (HF) or atheroscle-
rotic cardiovascular disease, we investigated associations of 4 eGFRcys and creatinine- based estimated glomerular filtration 
rate categories (<45, 45– 59, 60– 89, and ≥90 mL/min per 1.73 m2) with risks of all- cause mortality, incident HF, and incident 
atherosclerotic cardiovascular disease. The mean age was 53±8 years; 4085 (53%) were women. Compared with creatinine, 
cystatin C identified triple the number of participants with estimated glomerular filtration <45 (n=35 versus n=113) and 6 times 
the number with estimated glomerular filtration 45 to 59 (n=80 versus n=481). After multivariable adjustment, the eGFRcys 
45 to 59 category was associated with higher risks of mortality (hazard ratio [HR], 2.38 [95% CI, 1.55– 3.65]) and incident 
HF (sub- HR [sHR], 1.87 [95% CI, 1.09– 3.22]) versus the eGFRcys ≥90 category; the creatinine- based estimated glomerular 
filtration rate 45 to 59 category had no significant associations with outcomes. Of the 7623 participants with creatinine- based 
estimated glomerular filtration rate ≥60, 498 (6.5%) were reclassified into eGFRcys <60 categories. Participants who were re-
classified as having eGFRcys <45 had higher risks of mortality (HR, 4.88 [95% CI, 2.56– 9.31]), incident HF (sHR, 4.96 [95% CI, 
2.21– 11.16]), and incident atherosclerotic cardiovascular disease (sHR, 2.29 [95% CI, 1.14– 4.61]) versus those with eGFRcys 
≥90; those reclassified as having eGFRcys 45 to 59 had double the mortality risk (HR, 2.25 [95% CI, 1.45– 3.51]).

CONCLUSIONS: Among South Asian individuals, cystatin C identified a high- risk chronic kidney disease population that was not 
detected by creatinine and enhanced estimated glomerular filtration rate– based risk stratification for mortality, incident HF, 
and incident atherosclerotic cardiovascular disease.
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Individuals of South Asian ancestry account for nearly 
a quarter of the world’s population.1 Many South 
Asian people immigrated from their home countries, 

including Bangladesh, Bhutan, India, the Maldives, 
Nepal, Pakistan, and Sri Lanka to Europe and North 
America, where they have become one of the largest and 
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fastest- growing ethnic groups.2,3 Individuals of South 
Asian ancestry have an >2- fold risk of cardiovascular 
disease (CVD) events and mortality compared with in-
dividuals of other ethnic groups.4– 8 Reasons for these 
disparities are incompletely explained by the higher prev-
alence of conventional cardiovascular risk factors, such 
as type 2 diabetes, hypertension, and central adiposity, 
among the South Asian population.4,5,9,10

Chronic kidney disease (CKD) is associated with an 
increased risk of atherosclerotic CVD (ASCVD) events 
and heart failure (HF).11– 13 Estimated glomerular filtra-
tion rate (eGFR) thresholds that are used to define CKD 
stages are based on risk.14 Multiple prior studies have 
shown that using cystatin C to calculate eGFR strength-
ens the associations between eGFR categories and 
risks of mortality and CVD events in both general and 
CKD populations.15– 21 However, none of these studies 
included a well- defined South Asian cohort. Because 
South Asian individuals are underrepresented in cohort 
studies and clinical trials, and are frequently aggregated 
with other racial and ethnic groups, limited epidemiologic 
data exist on kidney- based risk stratification and clinical 
outcomes that are specific to this high- risk population.

Comparing the prognostic strengths of cystatin 
C– based eGFR (eGFRcys) to creatinine- based eGFR 
(eGFRcr) among individuals of South Asian ancestry 
is an important area of investigation, because multiple 
factors that are unrelated to kidney function may affect 
creatinine levels more than cystatin C levels in this pop-
ulation. Individuals of South Asian ancestry have on av-
erage lower physical activity, muscle mass, and dietary 
protein intake than individuals of European ancestry, 
which may lead to overestimation of kidney function by 
creatinine and corresponding underestimation of risk 
for adverse outcomes.22– 24 For the 1.8  million South 
Asian individuals globally,1 this may result in a substan-
tial number of missed opportunities for prevention of 
CVD events. Furthermore, unlike creatinine, cystatin 
C is unaffected by race or genetic ancestry,25 which 
is one of the reasons for the recent recommendation 
from the National Kidney Foundation and American 
Society of Nephrology to increase the use of cystatin C 
to estimate kidney function.26

The objectives of this study were to (1) determine 
whether among a South Asian population, use of eG-
FRcys strengthens the relationships between eGFR 
categories and adjusted risks of mortality, incident HF, 
and incident ASCVD compared with the use of eGFRcr; 
and (2) investigate whether using cystatin C to estimate 
glomerular filtration rate can identify individuals with 
high- risk CKD that is not detected by creatinine.

METHODS
The data that support the findings of this study are 
available from the UK BioBank and can be requested 
at https://www.ukbio bank.ac.uk/enabl e- your- resea 
rch/register.

Study Design and Population
The UK Biobank is a prospective cohort study of 
502 460 adults aged 40 to 69 years enrolled between 
2006 and 2010 from 22 assessment centers across the 
United Kingdom.27 At the baseline study visit, partici-
pants underwent nurse- led interviews and completed 
detailed questionnaires about medical history, medi-
cation use, sociodemographic factors, and lifestyle. 
Participants underwent a range of physical assess-
ments and provided blood and urine at the baseline 
visit. The UK Biobank study was approved by the 
North West Multi- Centre Research Ethics Committee, 
and all participants provided written informed consent.

Among the UK Biobank cohort, 8935 participants 
self- reported South Asian ancestry, defined as Indian, 
Pakistani, or Bangladeshi ethnicity or country of birth 
in Nepal or Sri Lanka. After excluding 718 participants 
who did not have both serum cystatin C and creati-
nine measurements at baseline and 479 participants 
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What Is New?
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Biobank, cystatin C identified >5 times the num-
ber of participants with estimated glomerular fil-
tration rate <60 mL/min per 1.73 m2 compared 
with creatinine.

• Cystatin C identified a chronic kidney disease 
population at high risk for mortality, incident 
heart failure, and incident atherosclerotic car-
diovascular disease that was not detected by 
creatinine.

What Are the Clinical Implications?
• Among South Asian individuals, cystatin C– 

based estimated glomerular filtration rate 
improves risk prognostication for mortality, 
incident heart failure, and incident atheroscle-
rotic cardiovascular disease compared with 
creatinine- based estimated glomerular filtration 
rate.
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with history of ASCVD or HF, our final analytic cohort 
included 7738 participants of South Asian ancestry. 
Exclusion of prevalent ASCVD or HF at enrollment was 
based on self- report or linked hospital admission re-
cords confirming a diagnosis of myocardial infarction, 
ischemic stroke, or HF before the baseline assessment 
date. International Classification of Diseases, Ninth 
Revision and Tenth Revision (ICD- 9 and ICD- 10) codes 
used for exclusion criteria are listed in Data S1.

This research was conducted under UK Biobank 
application number 69891 and approved by the 
University of California, San Francisco institutional re-
view board. This study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology 
reporting guideline and adhered to the Declaration of 
Helsinki.

Predictors
Our predictors of interest were eGFRcys and eGFRcr. 
Serum cystatin C and creatinine levels were measured 
at baseline; eGFRcys was calculated using the 2012 
CKD Epidemiology Collaboration equation, and eG-
FRcr was calculated using the 2021 CKD Epidemiology 
Collaboration race- free equation.28,29 Serum cystatin C 
levels were measured using a latex- enhanced immuno- 
turbidimetric assay by Siemens (Erlangen, Germany) 
on the Siemens Advia 1800, with an interassay coef-
ficient of variation of 1.1%.30 Serum creatinine levels 
were measured using an enzyme- based assay by 
Beckman Coulter (High Wycombe, United Kingdom) 
on the Beckman Coulter AU5800, with a coefficient 
of variation of 2.0%.31 Details pertaining to biomarker 
sampling, handling, and quality control have been pre-
viously described.31,32

Outcomes
The primary outcome of interest was all- cause mortal-
ity. Secondary outcomes included incident HF, defined 
as first diagnosis of HF, and incident ASCVD, defined 
as first diagnosis of myocardial infarction or ischemic 
stroke. Outcomes were ascertained between January 
1, 2006 and August 31, 2021 using ICD- 9 and ICD- 10 
codes from linked hospital admissions data and the 
death registry (Data S1). Participants were not cen-
sored after experiencing 1 of our secondary outcomes. 
At recruitment, all participants were registered with a 
general practitioner in the National Health Service and 
consented to linkage of their hospital inpatient records 
and national death registries. All ischemic stroke events 
were centrally validated by UK Biobank study staff.

Covariates
Covariates that may confound the association of kid-
ney function with risks of mortality or CVD events 

were obtained at the baseline study visit. Age, sex, 
ethnicity, country of origin, smoking history, and medi-
cation use were self- reported. At the baseline visit, 
waist circumference, weight, and height were meas-
ured, and blood and urine were collected according 
to study protocol.33 Two sets of systolic and diastolic 
blood pressure measurements were obtained using an 
Omron 705 IT electronic blood pressure monitor and 
standardized technique; the average of the 2 meas-
urements was recorded as the baseline blood pres-
sure.34 History of type 2 diabetes was determined by 
self- report of prior diagnosis, use of medications for 
diabetes, hemoglobin A1c ≥6.5% at enrollment, or 
ICD- 9 and ICD- 10 codes indicating type 2 diabetes 
diagnosis before baseline assessment. History of hy-
pertension was determined from self- report of prior 
diagnosis, use of medications for blood pressure, av-
erage systolic blood pressure ≥140 mm Hg, average 
diastolic blood pressure ≥90 mm Hg, or ICD- 9 and 
ICD- 10 codes indicating hypertension diagnosis be-
fore baseline assessment. Family history of ASCVD 
referred to heart disease or stroke in a biological par-
ent or sibling. The Townsend Deprivation Index score 
is a measure of material deprivation within a population 
and is a composite measure of unemployment, lack 
of car or home ownership, and household overcrowd-
ing.35 Presence of chronic inflammatory diseases was 
defined as a clinical diagnosis of rheumatoid arthritis, 
systemic lupus erythematosus, or HIV infection by self- 
report or ICD- 9 and ICD- 10 codes. Thyroid disease in-
cluded hypothyroidism or hyperthyroidism diagnoses 
by self- report or ICD- 9 and ICD- 10 codes.

Statistical Analysis
We evaluated the distributions of eGFRcys and eG-
FRcr and categorized eGFR into 4 categories, with cut 
points that represent thresholds for CKD stages14: <45, 
45 to 59, 60 to 89, and ≥90 mL/min per 1.73 m2. We 
summarized baseline characteristics overall and strati-
fied by eGFRcys category. Differences across baseline 
eGFRcys categories were compared using χ2, analysis 
of variance, and Kruskal- Wallis tests. Hereinafter, units 
of eGFR categories will be assumed to be milliliters per 
minute per 1.73 m2.

We constructed Cox proportional hazard models 
to estimate associations of each eGFR measure with 
all- cause mortality. All models were adjusted for de-
mographic variables, including age at study enroll-
ment, sex, and ethnicity. Multivariable adjusted models 
additionally included Townsend Deprivation Index at 
recruitment; type 2 diabetes; hypertension; systolic 
blood pressure; tobacco smoking; family history of 
ASCVD; urine albumin- to- creatinine ratio; body mass 
index; waist circumference; low- density lipoprotein; 
high- density lipoprotein; hemoglobin A1c; lipoprotein 
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(a); and use of aspirin, statin, angiotensin- converting 
enzyme inhibitor or angiotensin receptor blocker, or 
β- blocker. Because traditional cardiovascular risk fac-
tors inadequately predict risk of CVD events and mor-
tality among South Asian individuals,4 we included 
additional measures of adiposity and metabolism as 
covariates.9,36,37 Urine albumin- to- creatinine ratio, lipo-
protein (a), and hemoglobin A1c were log- transformed 
to correct right- skewed distributions. To investigate 
the associations of each eGFR measure with incident 
HF and incident ASCVD event, we adjusted for these 
same covariates in Fine- Gray proportional subhazard 
models, accounting for death as a competing risk. 
Next, we limited the cohort to individuals without CKD 
by creatinine, defined as those with eGFRcr ≥60 mL/
min per 1.73 m2, and modeled associations of eGFR-
cys categories with risk of our 3 clinical outcomes.

We conducted additional analyses to further ex-
plore the associations between each eGFR measure 
and clinical outcomes. Because thyroid disease, ste-
roid use, and inflammation have been reported as 
non– glomerular filtration rate determinants of cystatin 
C levels,38– 40 we repeated our multivariable analyses 
after adding thyroid disease, steroid use, C- reactive 
protein, and history of chronic inflammatory ill-
nesses to our multivariable models. Given the recent 
National Kidney Foundation and American Society of 
Nephrology Task Force recommendations to adopt 
the combined eGFRcr- cys equations to estimate kid-
ney function,26 we estimated the risks of mortality, in-
cident HF, and incident ASCVD associated with each 
category of eGFRcr- cys by the 2021 Chronic Kidney 
Disease Epidemiology Collaboration race- free com-
bined equation.29 Next, we compared the associations 
of eGFRcys versus eGFRcr with clinical outcomes by 
including both eGFR values in the same multivariable- 
adjusted model.

Proportional hazard assumptions were assessed 
using Schoenfeld residuals. Multivariable imputation by 
chained equations, with 5 imputations, was used to im-
pute missing covariates. All covariates had <5% miss-
ing data except for hemoglobin A1c (7%), high- density 
lipoprotein (9%), and lipoprotein (a) (12%). All tests were 
2- tailed, with a statistical significance level of P<0.05. 
Statistical analyses were performed using R, version 
4.1.0 (R Foundation for Statistical Computing).

RESULTS
In general, compared with the South Asian participants 
included in this study, the group of 671 excluded par-
ticipants had a slightly higher proportion of women; the 
2 groups were otherwise similar (Table S1). Among the 
included 7738 South Asian participants, mean age at 
enrollment was 53.1 years, 4085 (52.8%) were women, 

and most individuals were Indian or Pakistani (Table 1). 
Mean (SD) of eGFRcys was 86 (18) mL/min per 
1.73 m2, and eGFRcr was 99 (14) mL/min per 1.73 m2. 
Approximately 9% of participants had albuminuria. 
Participants with the lowest eGFRcys values were 
generally older and had higher prevalence of baseline 
comorbidities and medication use than participants 
with higher eGFRcys (Table 1). At baseline, 594 (7.7%) 
South Asian participants had an eGFRcys <60 mL/
min per 1.73 m2 and 115 (1.0%) had eGFRcr <60 mL/
min per 1.73 m2 (Figure 1). Compared with creatinine, 
cystatin C identified triple the number of participants 
in the eGFR <45 category (n=35 versus n=113), and 6 
times the number of participants in the eGFR 45 to 59 
category (n=80 versus n=481) (Table 2).

During a median follow- up time of 11.0 years (inter-
quartile range, 10.5– 11.7), 294 (3.8%) participants died, 
226 (2.9%) developed incident HF, and 452 (5.8%) ex-
perienced an incident ASCVD event.

Risk of All- Cause Mortality
In demographic adjusted models, the eGFR <45 and 
45 to 59 categories by both creatinine and cystatin C 
were associated with higher risk of mortality compared 
with the eGFR ≥90 category. After additional multivari-
able adjustment, only the eGFRcr <45 group (n=35) 
had a statistically significant elevated risk of mortality 
compared with the eGFRcr ≥90 (Table 2), whereas the 
eGFRcys <45 and 45 to 59 groups had 5.2- fold and 
2.4- fold risks for mortality, respectively, compared with 
participants with eGFRcys ≥90 (Table 2).

Risk of Incident HF
After adjustment for demographics, eGFRcr <45 and 
45 to 59 categories were associated with risk of inci-
dent HF compared with the eGFRcr ≥90 category. As 
was observed with the multivariable adjusted mortality 
models, the eGFRcr <45 category (n=35) was the only 
eGFRcr category that retained a statistically signifi-
cant association with incident HF compared with the 
eGFRcr ≥90 category (Table 2). In contrast, eGFRcys 
categories maintained a graded association with risk 
of incident HF after multivariable adjustment (Table 2). 
Participants in the eGFRcys <45 and 45 to 59 catego-
ries had 5.7- fold and 1.9- fold risks of incident HF, re-
spectively, compared with those in the eGFRcys ≥90 
category. The eGFRcys 60 to 89 category was associ-
ated with a 52% higher risk of incident HF.

Risk of Incident ASCVD Event
In demographic adjusted models, eGFRcr <45 and 
eGFRcys <45 and 45 to 59 groups were associated 
with risk of incident ASCVD compared with the cor-
responding eGFR ≥90 category. After multivariable 
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Table 1. Baseline Characteristics by eGFRcys Category

Characteristic

Overall

Category of eGFRcys, mL/min per 1.73 m2

<45 45– 59 60– 89 ≥90

N=7738 N=113 N=481 N=3739 N=3405

Demographics

Age, y, mean (SD) 53.1 (8.4) 60.8 (7.2) 61.4 (6.5) 55.8 (7.8) 48.7 (6.9)

Female sex, n (%) 4085 (52.8) 69 (61.1) 230 (47.8) 2048 (54.8) 1738 (51.0)

Country of origin

India, n (%) 5188 (67.0) 85 (75.2) 364 (75.7) 2580 (69.0) 2159 (63.4)

Pakistan, n (%) 1548 (20.0) 11 (9.7) 82 (17.0) 730 (19.5) 725 (21.3)

Sri Lanka, n (%) 657 (8.5) 11 (9.7) 19 (4.0) 293 (7.8) 334 (9.8)

Bangladesh, n (%) 189 (2.4) 4 (3.5) 14 (2.9) 80 (2.1) 91 (2.7)

Nepal, n (%) 156 (2.0) 2 (1.8) 2 (0.4) 56 (1.5) 96 (2.8)

Townsend Deprivation Index 
score, median (IQR)

0.2 (−2.2 to 2.4) 0.1 (−2.2 to 1.9) 0.6 (−1.7 to 2.9) 0.2 (−2.2 to 2.4) 0.1 (−2.4 to 2.3)

Family history of ASCVD, 
n (%)

3827 (49.5) 49 (43.4) 242 (50.3) 1868 (50.0) 1668 (49.0)

Comorbidities

Diabetes, n (%) 1461 (18.9) 58 (51.3) 136 (28.3) 739 (19.8) 528 (15.5)

Hypertension, n (%) 4004 (51.7) 102 (90.3) 360 (74.8) 2142 (57.3) 1400 (41.1)

Systolic blood pressure, 
mm Hg, mean (SD)

135 (18) 141 (20) 143 (21) 137 (18) 131 (18)

Diastolic blood pressure, 
mm Hg, mean (SD)

83 (10) 81 (10) 84 (11) 83 (10) 82 (10)

Thyroid disease, n (%) 558 (7.2) 14 (12.4) 54 (11.2) 300 (8.0) 190 (5.6)

Smoking, n (%)

Never 6056 (78.6) 88 (77.9) 381 (79.2) 2889 (77.6) 2698 (79.7)

Previous 901 (11.7) 17 (15.0) 56 (11.6) 441 (11.8) 387 (11.4)

Current 664 (8.6) 4 (3.5) 38 (7.9) 352 (9.4) 270 (8.0)

Chronic inflammatory 
illness, n (%)

139 (1.8) 4 (3.5) 17 (3.5) 78 (2.1) 40 (1.2)

Body mass index, kg/m2, 
mean (SD)

27.2 (4.4) 30.1 (5.5) 29.3 (5.1) 27.6 (4.3) 26.3 (4.0)

Waist circumference, cm, 
mean (SD)

91.4 (11.7) 99.5 (12.9) 97.3 (12.0) 93.1 (11.4) 88.4 (11.2)

Medications, n (%)

Statins 1577 (20.4) 60 (53.1) 154 (32.0) 833 (22.3) 530 (15.6)

ASA 1143 (14.8) 50 (44.2) 128 (26.6) 620 (16.6) 345 (10.1)

ACEI/ARB 1134 (14.7) 72 (63.7) 144 (29.9) 606 (16.2) 312 (9.2)

β- Blockers 392 (5.1) 25 (22.1) 56 (11.6) 223 (6.0) 88 (2.6)

Steroids 75 (1.0) 8 (7.1) 7 (1.5) 43 (1.2) 17 (0.5)

Laboratory values

eGFRcr, mL/min per 
1.73 m2, mean (SD)

99 (14) 55 (22) 83 (14) 96 (11) 106 (9)

eGFRcys, mL/min per 
1.73 m2, mean (SD)

86 (18) 35 (10) 54 (4) 77 (8) 102 (8)

eGFRcr- cys, mL/min per 
1.73 m2, mean (SD)

96 (16) 43 (14) 68 (7) 89 (8) 109 (8)

UACR, n (%)

<30 mg/g 6749 (91.2) 47 (43.9) 364 (82.4) 3305 (92.0) 3033 (93.1)

30– 300 mg/g 565 (7.6) 34 (31.8) 64 (14.5) 259 (7.2) 208 (6.4)

>300 mg/g 85 (1.1) 4 (3.5) 6 (1.2) 43 (1.2) 29 (0.9)

 (Continued)
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adjustment, participants with eGFR <45 by either cys-
tatin C or creatinine had >2-  to >3- fold the risk of inci-
dent ASCVD events compared with participants with 
eGFR ≥90 (Table 2). Higher eGFR categories were not 
significantly associated with ASCVD risk using either 
marker.

CKD Reclassification
Among this South Asian cohort, eGFRcys was on aver-
age lower than eGFRcr by 13 mL/min per 1.73 m2 (SD 
of the difference was 14). Of the 7623 participants with 
eGFRcr ≥60 , 498 (6.5%) had CKD diagnosed by eG-
FRcys (Table 3). When limiting the cohort to the 1487 
participants with eGFRcr of 60 to 89 , the prevalence of 
CKD by eGFRcys was 21%. Among participants with 
eGFRcr ≥60 , 449 (5.8%) were reclassified by cystatin 
C into the eGFR 45 to 59 category and 49 (0.6%) were 
reclassified into the eGFR <45 category (Table 3). The 
498 individuals who had eGFRcr ≥60 but eGFRcys 
<60 had higher unadjusted cumulative incidence of all 
3 clinical outcomes compared with participants who 
had concordant eGFR values ≥60 (Figure 2). In multi-
variable adjusted models including only participants 
with eGFRcr, reclassification by cystatin C into the eGFR 
<45 category was associated with a nearly 5- fold risk of 
mortality and incident HF, and a >2- fold risk of incident 
ASCVD compared with participants with eGFRcys ≥90 
(Table 3). Reclassification by cystatin C into the eGFR 
45 to 59 group was associated with a 2.3- fold risk of 
mortality compared with the same reference (Table 3).

Secondary and Sensitivity Analyses
Associations of eGFR categories with mortality, inci-
dent HF, and incident ASCVD were minimally changed 

by additional adjustment for thyroid disease, steroid 
use, C- reactive protein, and chronic inflammatory ill-
nesses (Table  S2). Using the combined eGFRcr- cys 
equation to define eGFR categories led to similar esti-
mates of associated risk of mortality, incident HF, and 
incident ASCVD as eGFRcys; however, the number of 
participants with eGFRcr- cys <60 was 179, only 30% 
of the proportion with CKD that were identified by 
cystatin C (Table  S3). When both eGFRcys and eG-
FRcr were included in the same multivariable- adjusted 
model, only eGFRcys was associated with the 3 clini-
cal outcomes (Table S4).

DISCUSSION
In this population- based cohort study of 7738 individu-
als of South Asian ancestry, cystatin C strengthened 
the association between eGFR categories and risks of 
mortality, incident HF, and incident ASCVD. Cystatin 
C also identified a substantial portion of participants 
with high- risk CKD that was not detected by creatinine. 
Although current guidelines recommend adding cysta-
tin C to confirm a diagnosis of CKD determined by rou-
tinely measured creatinine,14,26 we found in this South 
Asian population that creatinine only captured 19% of 
the CKD population that was identified as having re-
duced kidney function by cystatin C. Participants who 
did not have CKD by creatinine but had eGFR <45 by 
cystatin C had a nearly 5- fold risk of mortality and in-
cident HF, and a 2.3- fold risk of incident ASCVD com-
pared with participants with eGFRcys ≥90; those who 
were reclassified into the eGFR 45 to 59 category by 
cystatin C had a >2- fold risk of mortality. Furthermore, 
when both eGFRcys and eGFRcr were included in the 
same multivariable- adjusted model, only eGFRcys 

Characteristic

Overall

Category of eGFRcys, mL/min per 1.73 m2

<45 45– 59 60– 89 ≥90

N=7738 N=113 N=481 N=3739 N=3405

LDL cholesterol, mg/dL, 
mean (SD)

131 (32) 107 (29) 124 (32) 131 (32) 132 (32)

HDL cholesterol, mg/dL, 
mean (SD)

49 (12) 43 (12) 46 (11) 49 (12) 50 (13)

Lipoprotein (a), nmol/L, 
median (IQR)

32 (13 to 65) 31 (13 to 64) 33 (13 to 70) 33 (14 to 65) 29 (13 to 64)

Hemoglobin A1c, %, 
median (IQR)

5.6 (5.4 to 6.0) 6.1 (5.6 to 6.9) 5.9 (5.5 to 6.3) 5.7 (5.4 to 6.1) 5.5 (5.3 to 5.9)

C- reactive protein, mg/L, 
median (IQR)

1.6 (0.8 to 3.3) 2.6 (1.2 to 4.6) 2.7 (1.2 to 5.7) 1.8 (0.9 to 3.5) 1.3 (0.6 to 2.7)

Chronic inflammatory illness includes a prior diagnosis of systemic lupus erythematosus, rheumatoid arthritis, and human immunodeficiency virus. ACEI/
ARB indicates angiotensin- converting enzyme inhibitor/angiotensin receptor blocker; ASA, aspirin; ASCVD, atherosclerotic cardiovascular disease; eGFRcr, 
creatinine- based estimated glomerular filtration rate (using the 2021 CKD- EPI race- free equation); eGFRcr- cys, creatinine and cystatin C– based estimated 
glomerular filtration rate (using the 2021 Chronic Kidney Disease Epidemiology Collaboration race- free combined equation); eGFRcys, cystatin C– based 
estimated glomerular filtration rate (using the 2012 Chronic Kidney Disease Epidemiology Collaboration equation); HDL, high- density lipoprotein; IQR, 
interquartile range; LDL, low- density lipoprotein; and UACR, urine albumin- to- creatinine ratio.

Table 1. Continued
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was associated with clinical outcomes. Individuals of 
South Asian ancestry carry a disproportionate burden 
of premature CVD and mortality compared with most 
other ethnicities.4– 8 Our study provides evidence that 
use of cystatin C enhances eGFR- based risk stratifica-
tion among South Asian individuals, which may help 
alleviate the substantial health disparities affecting this 
population.

Differences in eGFRcys and eGFRcr values likely re-
flect confounding by factors that are unrelated to kid-
ney function. Physical activity, muscle mass, and diet 
are known non– glomerular filtration rate factors that 
impact creatinine more than cystatin C levels; these 
variables vary widely across individuals from diverse 
ethnic backgrounds and are particularly relevant to the 
South Asian population.22– 24 Therefore, we hypothe-
sized that cystatin C might better capture the risks from 
reduced kidney function compared with creatinine. 
Few prior studies have compared the prognostic val-
ues of cystatin C and creatinine among South Asian in-
dividuals. One study conducted in a community- based 
cohort in Canada and another in a UK- based CKD 
cohort confirmed that lower eGFRcr was associated 
with higher risk of mortality among South Asian par-
ticipants, but they did not have data on eGFRcys.41,42 
Another study including 1104 South Asian participants 
recruited from primary care offices in London found 
that neither eGFRcr nor eGFRcys was associated with 

all- cause mortality, CVD mortality, and incident CVD.43 
Although that study had a similar number of clinical 
events as our study, only 118 (11%) of their participants 
had eGFRcys ≤60 mL/min per 1.73 m2, and 40 (3%) 
had eGFRcr ≤60 mL/min per 1.73 m2. Thus, the investi-
gators may have had insufficient power to detect asso-
ciations of eGFR with clinical outcomes. In that same 
study, approximately one- third of individuals were dis-
cordantly classified by eGFRcr versus eGFRcys across 
all eGFR stages, and South Asian individuals were over 
twice as likely to be reclassified into lower eGFR stages 
by cystatin C compared with European individuals.43 
Our study adds evidence that South Asian participants 
who did not have CKD detected by creatinine but who 
were reclassified by cystatin C into eGFR <60 catego-
ries were at substantially higher risk of adverse clinical 
outcomes.

There is abundant medical literature from countries 
in South Asia, North America, and Europe demonstrat-
ing that South Asian individuals have higher CVD risk 
and a greater proportion of premature CVD deaths 
compared with other populations.44– 50 This disparity 
was initially attributed to a higher burden of risk factors 
such as diabetes, central adiposity, and hypertension 
among South Asian individuals44,51– 53; however, more 
recent evidence has shown that these risk factors do 
not completely explain their disproportionate burden of 
CVD and mortality.4,5 Furthermore, the American Heart 

Figure 1. Histogram of eGFRcr vs eGFRcys among South Asian participants in the UK Biobank 
(N=7738).
eGFR indicates estimated glomerular filtration rate; eGFRcr, creatinine- based estimated glomerular 
filtration rate; and eGFRcys, cystatin C– based estimated glomerular filtration rate.
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Association/American College of Cardiology guidelines 
indicate that individuals of South Asian ancestry are 
a high- risk ethnic group for whom the pooled cohort 
equations54 underestimate cardiovascular risk.55 In 
Europe, the QRISK3 risk calculator56 was developed to 
account for South Asian ancestry by using a multipli-
cative factor of 1.3 to 1.7 to predict CVD risk. Although 
the QRISK3 calculator includes CKD as a risk factor, it 
does not specify whether eGFRcr or eGFRcys should 
be used to diagnose CKD. Given the strong associa-
tions of kidney function with CVD morbidity and mor-
tality,11,15,16 cystatin C has advantages for providing 
kidney- based risk stratification among this high- risk 
South Asian population. In broad multiethnic pop-
ulations, reductions of kidney function identified by 
cystatin C below an eGFR of 90 are associated with 
higher risks of mortality and CVD events, whereas 
this threshold is delayed until an eGFR of 60 to 70 by 

creatinine.16,21 Thus, use of cystatin C to detect early 
stages of kidney function decline may be particularly 
imperative among populations with high CVD risk, 
such as the South Asian population.

Our findings have important clinical implications. 
First, we provide evidence that among this South Asian 
population, eGFRcr fails to appropriately identify indi-
viduals at high- risk of complications associated with 
kidney disease, and that eGFRcys improves risk prog-
nostication. Our results extend the findings of a previ-
ous study, which found that South Asian individuals at 
each eGFRcr milestone had significantly higher prev-
alence of hyperphosphatemia, hyperparathyroidism, 
and hypoalbuminemia compared with White individu-
als.57 Given our findings, misclassification of CKD by 
creatinine may explain these observed differences in 
CKD- associated metabolic abnormalities. Second, al-
though the National Kidney Foundation and American 

Table 2. Association of eGFRcr and eGFRcys Categories With Risks of Mortality and CVD Events Among South Asian 
Participants in the UK Biobank (N=7738)

Category

Subhazard and hazard ratios (95% CI) by eGFRcr category

<45 45– 59 60– 89 ≥90

N=35 N=80 N=1487 N=6136

All- cause mortality

Demographic adjusted 10.34 (6.04– 17.71), P<0.001 2.31 (1.24– 4.29), P=0.008 1.12 (0.85– 1.47), P=0.41 1.00

Fully adjusted 6.49 (3.62– 11.64), P<0.001 1.49 (0.77– 2.86), P=0.23 1.15 (0.87– 1.52), P=0.33 1.00

Incident HF

Demographic adjusted 9.83 (5.07– 19.04), P<0.001 2.88 (1.49– 5.58), P=0.002 1.05 (0.76– 1.44), P=0.77 1.00

Fully adjusted 5.27 (2.53– 10.95), P<0.001 1.82 (0.82– 4.02), P=0.14 1.10 (0.79– 1.53), P=0.57 1.00

ASCVD event

Demographic adjusted 4.39 (2.32– 8.32), P<0.001 1.65 (0.92– 2.97), P=0.09 1.04 (0.83– 1.30), P=0.74 1.00

Fully adjusted 2.92 (1.40– 6.09), P=0.004 1.31 (0.70– 2.48), P=0.40 1.09 (0.86– 1.38), P=0.48 1.00

Subhazard and hazard ratios (95% CI) by eGFRcys category

<45 45– 59 60– 89 ≥90

N=113 N=481 N=3739 N=3405

Mortality

Demographic adjusted 7.90 (5.00– 12.48), P<0.001 2.73 (1.82– 4.11), P<0.001 1.22 (0.89– 1.66), P=0.22 1.00

Fully adjusted 5.19 (3.13– 8.59), P<0.001 2.38 (1.55– 3.65), P<0.001 1.25 (0.91– 1.73), P=0.17 1.00

Incident HF

Demographic adjusted 11.42 (6.47– 20.18), P<0.001 2.80 (1.67– 4.70), P<0.001 1.70 (1.16– 2.48), P=0.006 1.00

Fully adjusted 5.74 (3.07– 10.71), P<0.001 1.87 (1.09– 3.22), P=0.02 1.52 (1.03– 2.24), P=0.04 1.00

ASCVD event

Demographic adjusted 3.36 (2.10– 5.36), P<0.001 1.74 (1.22– 2.49), P=0.002 1.10 (0.88– 1.38), P=0.42 1.00

Fully adjusted 2.31 (1.38– 3.89), P=0.002 1.40 (0.96– 2.03), P=0.08 1.06 (0.84– 1.34), P=0.61 1.00

Demographic- adjusted models: age, sex, ethnicity/country of birth. Fully adjusted models: demographic- adjusted model + Townsend Deprivation Index 
at recruitment, type 2 diabetes, hypertension, systolic blood pressure, tobacco smoking, family history of ASCVD, urine albumin- to- creatinine ratio, body 
mass index, waist circumference, low- density lipoprotein, high- density lipoprotein, hemoglobin A1c, lipoprotein (a), and use of aspirin, statin, angiotensin- 
converting enzyme inhibitor or angiotensin receptor blocker, or β- blocker. Hazard ratios for mortality were obtained using Cox proportional hazard models. 
Subhazard ratios for incident HF and ASCVD event were obtained using Fine- Gray proportional subhazard regression, modeling mortality as a competing risk. 
ASCVD indicates atherosclerotic cardiovascular disease; CVD, cardiovascular events; eGFRcr, creatinine- based estimated glomerular filtration rate (using the 
2021 Chronic Kidney Disease Epidemiology Collaboration race- free equation); eGFRcys, cystatin C– based estimated glomerular filtration rate (using the 2012 
Chronic Kidney Disease Epidemiology Collaboration equation); and HF, heart failure.
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Society of Nephrology Task Force recently recom-
mended use of the combined eGFRcr- cys equation 
to obtain the most accurate estimate of kidney func-
tion,26,29 we provide evidence that this combined 
equation only identified 30% of the high- risk CKD pop-
ulation that were categorized as eGFR <60 by cystatin 
C. The combined eGFRcr- cys equation is thought to 
be most accurate because it averages the impact of 
non– glomerular filtration rate factors on creatinine and 
cystatin C. However, among South Asian populations, 
non– glomerular filtration rate factors that are known 
to impact creatinine levels, including physical activity, 
muscle mass, and vegetarianism, may be more rele-
vant than in other populations. Although our study did 
not focus on assessing the performance of eGFR equa-
tions relative to measured glomerular filtration rate, we 
provide evidence that use of the combined eGFRcr- 
cys, which was developed among study cohorts with 
primarily Black and White participants, may not be the 
best eGFR equation for purposes of kidney- based risk 
stratification. Although non– glomerular filtration rate 
factors such as systemic inflammation, adiposity, thy-
roid disease, and steroid use have been reported to 
affect cystatin C levels,38– 40 the magnitude of these ef-
fects appeared relatively small, because additional ad-
justment for these factors in multivariable analyses did 
not impact our findings.20,58,59 The non– glomerular fil-
tration rate influences on creatinine appear to be larger 
in magnitude, given its weak associations with clinical 
outcomes in our study.

The strengths of this study include a large, well- 
phenotyped South Asian population with standardized 

measurements of creatinine and cystatin C and out-
comes that were linked with a national health registry. 
Our analyses included surrogate measures of adi-
posity, metabolism, and inflammation that have been 
previously shown to be associated with cardiovascu-
lar risk among South Asian individuals.9,56,60– 62 We in-
vestigated incident ASCVD in addition to incident HF 
events, which to our knowledge has not been previ-
ously studied in the context of cystatin C among the 
South Asian population. HF is an important clinical end 
point, because recent studies have forecasted a rapid 
increase in the prevalence of HF among South Asian 
populations in upcoming years.63

Our study also has several important limitations. 
First, because glomerular filtration rate was not mea-
sured, we cannot definitively conclude that cystatin C 
detects high- risk CKD earlier than creatinine. However, 
to our knowledge there are no diverse, population- 
based cohort studies that have measured glomerular 
filtration rate. Second, UK Biobank participants are in 
general healthier and have lower mortality rates than 
the general population, which may result in healthy- 
volunteer selection bias.64 Analyses of prognosis are 
most heavily influenced by clinical outcomes, and con-
founding by non– glomerular filtration rate determinants 
of creatinine may particularly bias the eGFR among the 
subset of South Asian participants at highest risk for 
adverse outcomes. Therefore, we suspect that our 
findings could be stronger among a population with 
higher comorbidity burden. Third, few participants in 
this population- based cohort had eGFR <45, which 
explains the relatively wide confidence intervals for 

Table 3. Association of eGFRcys Categories With Risks of Mortality and CVD Events Among South Asian Participants in 
the UK Biobank Among Participants With eGFRcr ≥60 mL/min per 1.73 m2 (N=7623)

Category

Subhazard and hazard ratios (95% CI) by eGFRcys category

<45 45– 59 60– 89 ≥90

N=49 N=449 N=3724 N=3401

All- cause mortality

Demographic adjusted 6.78 (3.68– 12.50), P<0.001 2.58 (1.69– 3.92), P<0.001 1.19 (0.86– 1.63), P=0.29 1.00

Fully adjusted 4.88 (2.56– 9.31), P<0.001 2.25 (1.45– 3.51), P<0.001 1.22 (0.88– 1.69), P=0.22 1.00

Incident HF

Demographic adjusted 8.67 (3.97– 18.93), P<0.001 2.46 (1.44– 4.20), P=0.001 1.64 (1.12– 2.40), P=0.01 1.00

Fully adjusted 4.96 (2.21– 11.16), P<0.001 1.53 (0.87– 2.69), P=0.14 1.45 (0.97– 2.16), P=0.07 1.00

ASCVD event

Demographic adjusted 2.92 (1.46– 5.84), P=0.003 1.78 (1.23– 2.56), P=0.002 1.09 (0.86– 1.37), P=0.48 1.00

Fully adjusted 2.29 (1.14– 4.61), P=0.02 1.40 (0.95– 2.08), P=0.09 1.05 (0.83– 1.32), P=0.70 1.00

Demographic adjusted models: age, sex, ethnicity/country of birth. Fully adjusted models: demographic- adjusted model+Townsend Deprivation Index at 
recruitment, type 2 diabetes, hypertension, systolic blood pressure, tobacco smoking, family history of ASCVD, urine albumin- to- creatinine ratio, body mass 
index, waist circumference, low- density lipoprotein, high- density lipoprotein, hemoglobin A1c, lipoprotein (a), and use of aspirin, statin, angiotensin- converting 
enzyme inhibitor or angiotensin receptor blocker, or β- blocker. Hazard ratios for mortality were obtained using Cox proportional hazard models. Subhazard 
ratios for incident HF and ASCVD event were obtained using Fine- Gray proportional subhazard regression, modeling mortality as a competing risk. ASCVD 
indicates atherosclerotic cardiovascular disease; CVD, cardiovascular events; eGFRcr, creatinine- based estimated glomerular filtration rate (using the 2021 
Chronic Kidney Disease Epidemiology Collaboration race- free equation); eGFRcys, cystatin C– based estimated glomerular filtration rate (using the 2012 
Chronic Kidney Disease Epidemiology Collaboration equation); and HF, heart failure.
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risk estimates in this lowest eGFR category. Fourth, 
this analysis defined CKD based on 1 baseline eGFR 
measurement, and relatively few participants had ad-
vanced CKD at baseline. This is a limitation, however, 
of most epidemiological studies that have defined the 
risk associations of eGFR. Fifth, this study relied on 
self- report, diagnosis codes from inpatient admis-
sions, and national procedure and death registries 
to ascertain clinical outcomes. We separately ascer-
tained all clinical outcomes based on ICD- 9 and ICD- 
10 codes to capture additional clinical events that were 
not included through the UK Biobank algorithmically 
defined outcomes. Sixth, we adjusted for multiple 
potential confounders in our primary and sensitivity 
analyses, but cannot rule out residual confounding 
attributable to the observational study design. Last, 
our results do not generalize to South Asian individu-
als living outside of the United Kingdom. Furthermore, 
we acknowledge that heterogeneity in risk factors and 
health outcomes exist within the South Asian popula-
tion, and these differences may not align with country 
borders.4,62,65,66 Therefore, the relative influences of 

non– glomerular filtration rate factors on creatinine and 
cystatin C may vary among South Asian individuals 
with diverse cultures, immigration patterns, diets, edu-
cational opportunities, and health care access. Future 
studies are needed to better delineate the impact of 
this heterogeneity on health outcomes in the South 
Asian population.

CONCLUSIONS
In this prospective cohort study of South Asian indi-
viduals, use of cystatin C to calculate eGFR enhanced 
risk stratification for mortality, incident HF, and incident 
ASCVD. CKD detection using cystatin C affords an 
opportunity to apply cardiovascular prevention strate-
gies aimed at improving health outcomes and reduc-
ing risk and health disparities among this vulnerable 
population.
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Figure 2. Crude cumulative incidence curves of mortality (A), incident HF (B), and incident ASCVD (C) by eGFRcys category 
among South Asian participants in the UK Biobank with eGFRcr ≥60 mL/min per 1.73 m2.
ASCVD indicates atherosclerotic cardiovascular disease; eGFRcr, creatinine- based estimated glomerular filtration rate; eGFRcys, 
cystatin C– based estimated glomerular filtration rate; and HF, heart failure.



J Am Heart Assoc. 2023;12:e027079. DOI: 10.1161/JAHA.122.027079 11

Chen et al Cystatin C and Outcomes in South Asian Individuals

Affiliations
Division of Nephrology, Department of Medicine, University of California, 
San Francisco, San Francisco, CA (D.C.C., M.M.E.); Kidney Health Research 
Collaborative, San Francisco VA Medical Center & University of California, 
San Francisco, San Francisco, CA (D.C.C., K.L., R.S., M.G.S., M.M.E.); 
Genentech, Inc., South San Francisco, CA (D.C.C.); Institute of Cardiovascular 
and Medical Sciences, University of Glasgow, United Kingdom (J.S.L., E.R., 
P.B.M.); Glasgow Renal and Transplant Unit, Queen Elizabeth University 
Hospital, Glasgow, United Kingdom (J.S.L., P.B.M.); Department of Medicine, 
San Francisco VA Health Care System, San Francisco, CA (K.L., R.S., 
M.G.S., M.M.E.); Renal Unit, Mountainhall Treatment Centre, NHS Dumfries 
and Galloway, Dumfries, United Kingdom (E.R.); Department Epidemiology 
and Biostatistics (A.M.K., M.G.S.) and Department of Medicine (A.M.K.), 
University of California, San Francisco, San Francisco, CA; and Division 
of Nephrology, Department of Medicine, San Francisco VA Health Care 
System, San Francisco, CA (M.M.E.).

Sources of Funding
D.C.C. was supported by National Institutes of Health/National Institute of 
Diabetes and Digestive and Kidney Diseases grant F32DK130543. M.G.S. and 
M.M.E. are supported by SD- 20- 387 from the Department of Veterans Affairs. 
J.S.L. is funded by a Chief Scientist Office (Scotland) Postdoctoral Lectureship 
Award (PCL/20/10). This UK Biobank project was funded by a Chief Scientist 
Office (Scotland) Postdoctoral Lectureship Award (PCL/18/03) to E.R.

Disclosures
M.M.E. and M.G.S. receive research funding from Bayer, Inc. M.M.E. has re-
ceived an honorarium from Boehringer- Ingelheim. M.G.S. reports honoraria 
from Bayer, Boehringer Ingelheim, and AstraZeneca, and served as a consultant 
to Cricket Health and Intercept Pharmaceuticals. M.G.S. previously served as 
an advisor to and held stock in TAI Diagnostics. P.B.M. reports research fund-
ing from Boehringer Ingelheim; paid advisory boards and or lecture fees from 
AstraZeneca, Astellas, Napp, Vifor- Fresenius, Novartis, Pharmacosmos; and 
travel support from Pharmacosmos, Napp, and Vifor. D.C.C. is an employee at 
Genentech/Roche. The remaining authors have no disclosures to report.

Supplemental Material
Data S1
Tables S1– S4

REFERENCES
 1. Central Intelligence Agency. The World Fact Book. 2021. https://www.

cia.gov/the- world - factb ook/. Accessed January 16, 2022.
 2. South Asians Learning Together (SAALT). A demographic snapshot of 

South Asians in the United States. 2019. https://saalt.org/wp- conte nt/
uploa ds/2019/04/SAALT - Demog raphi c- Snaps hot- 2019.pdf. Accessed 
January 16, 2022.

 3. Office for National Statistics. Ethnicity and national identity in England 
and Wales: 2011. https://www.ons.gov.uk/peopl epopu latio nandc 
ommun ity/cultu ralid entit y/ethni city/artic les/ethni citya ndnat ional ident 
ityin engla ndand wales/ 2012- 12- 11. Accessed January 16, 2022.

 4. Patel AP, Wang MX, Kartoun U, Ng K, Khera AV. Quantifying and un-
derstanding the higher risk of atherosclerotic cardiovascular disease 
among South Asian individuals results from the UK Biobank pro-
spective cohort study. Circulation. 2021;144:410– 422. doi: 10.1161/
CIRCULATIONAHA.120.052430

 5. Kandula NR, Kanaya AM. The South Asian enigma: solving a puzzle 
of global importance. Circulation. 2021;144:423– 425. doi: 10.1161/
CIRCULATIONAHA.121.055159

 6. Gupta M, Singh N, Verma S. South Asians and cardiovascular risk: what 
clinicians should know. Circulation. 2006;113:e924– e929. doi: 10.1161/
CIRCULATIONAHA.105.583815

 7. Tillin T, Hughes AD, Mayet J, Whincup P, Sattar N, Forouhi NG, McKeigue 
PM, Chaturvedi N. The relationship between metabolic risk factors 
and incident cardiovascular disease in Europeans, South Asians, and 
African Caribbeans: SABRE (Southall and Brent Revisited)- - a prospec-
tive population- based study. J Am Coll Cardiol. 2013;61:1777– 1786. doi: 
10.1016/j.jacc.2012.12.046

 8. Pursnani S, Merchant M. South Asian ethnicity as a risk factor for coro-
nary heart disease. Atherosclerosis. 2020;315:126– 130. doi: 10.1016/j.
atherosclerosis.2020.10.007

 9. Shah A, Kanaya AM. Diabetes and associated complications in the 
South Asian population. Curr Cardiol Rep. 2014;16:476. doi: 10.1007/
s11886- 014- 0476- 5

 10. Kanaya AM, Herrington D, Vittinghoff E, Ewing SK, Liu K, Blaha MJ, 
Dave SS, Qureshi F, Kandula NR. Understanding the high prevalence of 
diabetes in US South Asians compared with four racial/ethnic groups: 
the MASALA and MESA studies. Diabetes Care. 2014;37:1621– 1628. 
doi: 10.2337/dc13- 2656

 11. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney 
disease and the risks of death, cardiovascular events, and hospitaliza-
tion. N Engl J Med. 2004;351:1296– 1305. doi: 10.1056/NEJMoa041031

 12. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, 
de Jong PE, Coresh J, Gansevoort RT. Association of estimated glo-
merular filtration rate and albuminuria with all- cause and cardiovascular 
mortality in general population cohorts: a collaborative meta- analysis. 
Lancet. 2010;375:2073– 2081. doi: 10.1016/S0140- 6736(10)60674- 5

 13. van der Velde M, Matsushita K, Coresh J, Astor BC, Woodward M, 
Levey A, de Jong P, Gansevoort RT, van der Velde M, Matsushita K, 
et al. Lower estimated glomerular filtration rate and higher albumin-
uria are associated with all- cause and cardiovascular mortality. A col-
laborative meta- analysis of high- risk population cohorts. Kidney Int. 
2011;79:1341– 1352. doi: 10.1038/ki.2010.536

 14. Kidney Disease: Improving Global Outcomes Chronic Kidney Disease 
Working Group. KDIGO 2012. Clinical practice guideline for the eval-
uation and management of chronic kidney disease. Kidney Int Suppl. 
2013;3:1– 150.

 15. Shlipak MG, Sarnak MJ, Katz R, Fried LF, Seliger SL, Newman AB, 
Siscovick DS, Stehman- Breen C. Cystatin C and the risk of death 
and cardiovascular events among elderly persons. N Engl J Med. 
2005;352:2049– 2060. doi: 10.1056/NEJMoa043161

 16. Shlipak MG, Matsushita K, Ärnlöv J, Inker LA, Katz R, Polkinghorne 
KR, Rothenbacher D, Sarnak MJ, Astor BC, Coresh J, et al. Cystatin C 
versus creatinine in determining risk based on kidney function. N Engl J 
Med. 2013;369:932– 943. doi: 10.1056/NEJMoa1214234

 17. Peralta CA, Shlipak MG, Judd S, Cushman M, McClellan W, Zakai NA, 
Safford MM, Zhang X, Muntner P, Warnock D. Detection of chronic kid-
ney disease with creatinine, cystatin C, and urine albumin- to- creatinine 
ratio and association with progression to end- stage renal disease and 
mortality. JAMA. 2011;305:1545– 1552. doi: 10.1001/jama.2011.468

 18. Peralta CA, Katz R, Sarnak MJ, Ix J, Fried LF, De Boer I, Palmas W, 
Siscovick D, Levey AS, Shlipak MG. Cystatin C identifies chronic kidney 
disease patients at higher risk for complications. J Am Soc Nephrol. 
2011;22:147– 155. doi: 10.1681/ASN.2010050483

 19. Menon V, Shlipak MG, Wang X, Coresh J, Greene T, Stevens L, Kusek 
JW, Beck GJ, Collins AJ, Levey AS, et al. Cystatin C as a risk factor for 
outcomes in chronic kidney disease. Ann Intern Med. 2007;147:19– 27. 
doi: 10.7326/0003- 4819- 147- 1- 200707030- 00004

 20. Sarnak MJ, Katz R, Stehman- Breen CO, Fried LF, Jenny NS, Psaty 
BM, Newman AB, Siscovick D, Shlipak MG. Cystatin C concentra-
tion as a risk factor for heart failure in older adults. Ann Intern Med. 
2005;142:497– 505. doi: 10.7326/0003- 4819- 142- 7- 200504050- 00008

 21. Lees JS, Welsh CE, Celis- Morales CA, Mackay D, Lewsey J, Gray SR, 
Lyall DM, Cleland JG, Gill JMR, Jhund PS, et al. Glomerular filtration rate 
by differing measures, albuminuria and prediction of cardiovascular dis-
ease, mortality and end- stage kidney disease. Nat Med. 2019;25:1753– 
1760. doi: 10.1038/s41591- 019- 0627- 8

 22. Misra A, Soares MJ, Mohan V, Anoop S, Abhishek V, Vaidya R, 
Pradeepa R. Body fat, metabolic syndrome and hyperglycemia in South 
Asians. J Diabetes Complications. 2018;32:1068– 1075. doi: 10.1016/j.
jdiacomp.2018.08.001

 23. Jafar TH, Schmid CH, Levey AS. Serum creatinine as marker of kidney 
function in South Asians: a study of reduced GFR in adults in Pakistan. 
J Am Soc Nephrol. 2005;16:1413– 1419. doi: 10.1681/ASN.2004121100

 24. Jessani S, Levey AS, Bux R, Inker LA, Islam M, Chaturvedi N, Mariat C, 
Schmid CH, Jafar TH. Estimation of GFR in South Asians: a study from 
the general population in Pakistan. Am J Kidney Dis. 2014;63:49– 58. 
doi: 10.1053/j.ajkd.2013.07.023

 25. Hsu C- Y, Yang W, Parikh RV, Anderson AH, Chen TK, Cohen DL, He 
J, Mohanty MJ, Lash JP, Mills KT, et al. Race, genetic ancestry, and 
estimating kidney function in CKD. N Engl J Med. 2021;385:1750– 1760. 
doi: 10.1056/NEJMoa2103753

 26. Delgado C, Baweja M, Crews D, Eneanya N, Gadegbeku C, Inker L, 
Mendu M, Miller WG, Moxey- Mims M, Roberts G, et al. A unifying ap-
proach for GFR estimation: recommendations of the NKF- ASN task 

https://www.cia.gov/the-world-factbook/
https://www.cia.gov/the-world-factbook/
https://saalt.org/wp-content/uploads/2019/04/SAALT-Demographic-Snapshot-2019.pdf
https://saalt.org/wp-content/uploads/2019/04/SAALT-Demographic-Snapshot-2019.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-11
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-11
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/articles/ethnicityandnationalidentityinenglandandwales/2012-12-11
https://doi.org//10.1161/CIRCULATIONAHA.120.052430
https://doi.org//10.1161/CIRCULATIONAHA.120.052430
https://doi.org//10.1161/CIRCULATIONAHA.121.055159
https://doi.org//10.1161/CIRCULATIONAHA.121.055159
https://doi.org//10.1161/CIRCULATIONAHA.105.583815
https://doi.org//10.1161/CIRCULATIONAHA.105.583815
https://doi.org//10.1016/j.jacc.2012.12.046
https://doi.org//10.1016/j.atherosclerosis.2020.10.007
https://doi.org//10.1016/j.atherosclerosis.2020.10.007
https://doi.org//10.1007/s11886-014-0476-5
https://doi.org//10.1007/s11886-014-0476-5
https://doi.org//10.2337/dc13-2656
https://doi.org//10.1056/NEJMoa041031
https://doi.org//10.1016/S0140-6736(10)60674-5
https://doi.org//10.1038/ki.2010.536
https://doi.org//10.1056/NEJMoa043161
https://doi.org//10.1056/NEJMoa1214234
https://doi.org//10.1001/jama.2011.468
https://doi.org//10.1681/ASN.2010050483
https://doi.org//10.7326/0003-4819-147-1-200707030-00004
https://doi.org//10.7326/0003-4819-142-7-200504050-00008
https://doi.org//10.1038/s41591-019-0627-8
https://doi.org//10.1016/j.jdiacomp.2018.08.001
https://doi.org//10.1016/j.jdiacomp.2018.08.001
https://doi.org//10.1681/ASN.2004121100
https://doi.org//10.1053/j.ajkd.2013.07.023
https://doi.org//10.1056/NEJMoa2103753


J Am Heart Assoc. 2023;12:e027079. DOI: 10.1161/JAHA.122.027079 12

Chen et al Cystatin C and Outcomes in South Asian Individuals

force on reassessing the inclusion of race in diagnosing kidney disease. 
J Am Soc Nephrol. 2021;32:2994– 3015. doi: 10.1681/ASN.2021070988

 27. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, Downey 
P, Elliott P, Green J, Landray M, et al. UK biobank: an open access re-
source for identifying the causes of a wide range of complex diseases of 
middle and old age. PLoS Med. 2015;12:e1001779. doi: 10.1371/journal.
pmed.1001779

 28. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene 
T, Kusek JW, Manzi J, Van Lente F, Zhang YL, et al. Estimating glomer-
ular filtration rate from serum creatinine and cystatin C. N Engl J Med. 
2012;367:20– 29. doi: 10.1056/NEJMoa1114248

 29. Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, Crews 
DC, Doria A, Estrella MM, Froissart M, et al. New creatinine-  and cys-
tatin C– based equations to estimate GFR without race. N Engl J Med. 
2021;385:1737– 1749. doi: 10.1056/NEJMoa2102953

 30. Fry D, Almond R, Moffat S, Gordon M, Singh P. UK Biobank biomarker 
project: companion document to accompany serum biomarker data. 
UK Biobank Organisation. https://bioba nk.ndph.ox.ac.uk/showc ase/
showc ase/docs/serum_bioch emist ry.pdf. Accessed January 13, 2022.

 31. Fry D, Almond R, Gordon M, Moffat S. UK Biobank biomarker project: 
details of assays and quality control information for the urinary biomarker 
data. UK Biobank Organisation. https://bioba nk.ndph.ox.ac.uk/showc 
ase/showc ase/docs/urine_assay.pdf. Accessed January 13, 2022.

 32. UK Biobank Organisation. Biomarker assay quality procedures. http://bioba 
nk.ctsu.ox.ac.uk/showc ase/refer.cgi?id=5636. Accessed April 2, 2019.

 33. UK Biobank. Protocol for a large- scale prospective epidemiological re-
source. 2007. www.ukbio bank.ac.uk/resou rces/. Accessed January 13, 
2022.

 34. UK Biobank. Blood pressure. https://bioba nk.ndph.ox.ac.uk/showc 
ase/ukb/docs/Blood press ure.pdf. Accessed April 15, 2011.

 35. Townsend P, Phillimore P, Beattie A. Health and deprivation: inequality 
and the north. London: Croom Helm; 1988.

 36. Dodani S, Henkhaus R, Dong L, Butler MG. Apo lipoprotein A1 gene 
polymorphisms predict cardio- metabolic risk in South Asian immi-
grants. Dis Markers. 2012;32:9– 19. doi: 10.1155/2012/868029

 37. Lear SA, Humphries KH, Kohli S, Chockalingam A, Frohlich JJ, 
Birmingham CL. Visceral adipose tissue accumulation differs accord-
ing to ethnic background: results of the multicultural community health 
assessment trial (M- CHAT). Am J Clin Nutr. 2007;86:353– 359. doi: 
10.1093/ajcn/86.2.353

 38. Stevens LA, Schmid CH, Greene T, Li L, Beck GJ, Joffe MM, Froissart 
M, Kusek JW, Zhang YL, Coresh J, et al. Factors other than glomerular 
filtration rate affect serum cystatin C levels. Kidney Int. 2009;75:652– 
660. doi: 10.1038/ki.2008.638

 39. Knight EL, Verhave JC, Spiegelman D, Hillege HL, de Zeeuw D, Curhan 
GC, de Jong PE. Factors influencing serum cystatin C levels other than 
renal function and the impact on renal function measurement. Kidney 
Int. 2004;65:1416– 1421. doi: 10.1111/j.1523- 1755.2004.00517.x

 40. Manetti L, Pardini E, Genovesi M, Campomori A, Grasso L, Morselli 
LL, Lupi I, Pellegrini G, Bartalena L, Bogazzi F, et al. Thyroid function 
differently affects serum cystatin C and creatinine concentrations. 
J Endocrinol Invest. 2005;28:346– 349. doi: 10.1007/BF03347201

 41. Major RW, Shepherd D, Medcalf JF, Xu G, Gray LJ, Brunskill NJ. 
Comorbidities and outcomes in South Asian individuals with chronic 
kidney disease: an observational primary care cohort. Nephrol Dial 
Transplant. 2021;37:108– 114. doi: 10.1093/ndt/gfaa291

 42. Conley J, Tonelli M, Quan H, Manns BJ, Palacios- Derflingher L, Bresee 
LC, Khan N, Hemmelgarn BR. Association between GFR, proteinuria, and 
adverse outcomes among White, Chinese, and South Asian individuals in 
Canada. Am J Kidney Dis. 2012;59:390– 399. doi: 10.1053/j.ajkd.2011.09.022

 43. Eastwood SV, Chaturvedi N, Sattar N, Welsh PI, Hughes AD, Tillin 
T. Impact of kidney function on cardiovascular risk and mortality: 
a comparison of South Asian and European cohorts. Am J Nephrol. 
2019;50:425– 433. doi: 10.1159/000503873

 44. Joshi P, Islam S, Pais P, Reddy S, Dorairaj P, Kazmi K, Pandey MR, 
Haque S, Mendis S, Rangarajan S, et al. Risk factors for early myo-
cardial infarction in South Asians compared with individuals in other 
countries. JAMA- J Am Med Assoc. 2007;297:286– 294. doi: 10.1001/
jama.297.3.286

 45. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen 
M, Budaj A, Pais P, Varigos J, et al. Effect of potentially modifiable 
risk factors associated with myocardial infarction in 52 countries (the 
INTERHEART study): case- control study. Lancet. 2004;364:937– 952. 
doi: 10.1016/S0140- 6736(04)17018- 9

 46. Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague 
PA, Kelemen L, Yi C, Lonn E, Gerstein H, et al. Differences in risk 
factors, atherosclerosis, and cardiovascular disease between eth-
nic groups in Canada: the study of health assessment and risk in 
ethnic groups (SHARE). Lancet. 2000;356:279– 284. doi: 10.1016/
S0140- 6736(00)02502- 2

 47. Gupta M, Brister S. Is South Asian ethnicity an independent cardio-
vascular risk factor? Can J Cardiol. 2006;22:193– 197. doi: 10.1016/
S0828- 282X(06)70895- 9

 48. Reddy KS, Yusuf S. Emerging epidemic of cardiovascular disease in 
developing countries. Circulation. 1998;97:596– 601. doi: 10.1161/01.
CIR.97.6.596

 49. Zhao D. Epidemiological features of cardiovascular disease in Asia. 
JACC Asia. 2021;1:1– 13. doi: 10.1016/j.jacasi.2021.04.007

 50. Satish P, Vela E, Bilal U, Cleries M, Kanaya AM, Kandula N, Virani SS, 
Islam N, Valero- Elizondo J, Yahya T, et al. Burden of cardiovascular 
risk factors and disease in five Asian groups in Catalonia: a disaggre-
gated, population- based analysis of 121 000 first- generation Asian 
immigrants. Eur J Prev Cardiol. 2022;29:916– 924. doi: 10.1093/eurjpc/
zwab074

 51. McKeigue PM, Ferrie JE, Pierpoint T, Marmot MG. Association of 
early- onset coronary heart disease in South Asian men with glucose 
intolerance and hyperinsulinemia. Circulation. 1993;87:152– 161. doi: 
10.1161/01.CIR.87.1.152

 52. Pais P, Pogue J, Gerstein H, Zachariah E, Savitha D, Jayprakash S, 
Nayak PR, Yusuf S. Risk factors for acute myocardial infarction in 
Indians: a case- control study. Lancet. 1996;348:358– 363. doi: 10.1016/
S0140- 6736(96)02507- X

 53. McKeigue PM, Shah B, Marmot MG. Relation of central obe-
sity and insulin resistance with high diabetes prevalence and car-
diovascular risk in South Asians. Lancet. 1991;337:382– 386. doi: 
10.1016/0140- 6736(91)91164- P

 54. Goff DC, Lloyd- Jones DM, Bennett G, Coady S, D’Agostino RB, Gibbons 
R, Greenland P, Lackland DT, Levy D, O’Donnell CJ, et al. 2013 ACC/
AHA guideline on the assessment of cardiovascular risk. Circulation. 
2014;129:S49– S73. doi: 10.1161/01.cir.0000437741.48606.98

 55. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal 
RS, Braun LT, Ferranti S, Faiella- Tommasino J, Forman DE, et al. AHA/
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA 
guideline on the management of blood cholesterol: a report of the 
American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. Circulation. 2019;139:e1082– e1143. doi: 
10.1161/CIR.0000000000000625

 56. Hippisley- Cox J, Coupland C, Brindle P. Development and validation 
of QRISK3 risk prediction algorithms to estimate future risk of cardio-
vascular disease: prospective cohort study. BMJ. 2017;357:j2099. doi: 
10.1136/bmj.j2099

 57. Barbour SJ, Er L, Djurdjev O, Karim MA, Levin A. The prevalence of he-
matologic and metabolic abnormalities during chronic kidney disease 
stages in different ethnic groups. Kidney Int. 2008;74:108– 114. doi: 
10.1038/ki.2008.151

 58. Shlipak MG, Katz R, Sarnak MJ, Fried LF, Newman AB, Stehman- Breen 
C, Seliger SL, Kestenbaum B, Psaty B, Tracy RP, et al. Cystatin C and 
prognosis for cardiovascular and kidney outcomes in elderly persons 
without chronic kidney disease. Ann Intern Med. 2006;145:237– 246. 
doi: 10.7326/0003- 4819- 145- 4- 200608150- 00003

 59. Grubb A, Björk J, Nyman U, Pollak J, Bengzon J, Ostner G, Lindström V. 
Cystatin C, a marker for successful aging and glomerular filtration rate, 
is not influenced by inflammation. Scand J Clin Lab Invest. 2011;71:145– 
149. doi: 10.3109/00365513.2010.546879

 60. Cainzos- Achirica M, Fedeli U, Sattar N, Agyemang C, Jenum AK, McEvoy 
JW, Murphy JD, Brotons C, Elosua R, Bilal U, et al. Epidemiology, risk 
factors, and opportunities for prevention of cardiovascular disease in 
individuals of South Asian ethnicity living in Europe. Atherosclerosis. 
2019;286:105– 113. doi: 10.1016/j.atherosclerosis.2019.05.014

 61. Kalra D, Vijayaraghavan K, Sikand G, Desai NR, Joshi PH, Mehta A, 
Karmally W, Vani A, Sitafalwalla SJ, Puri R, et al. Prevention of ath-
erosclerotic cardiovascular disease in South Asians in the US: a clin-
ical perspective from the National Lipid Association. J Clin Lipidol. 
2021;15:402– 422. doi: 10.1016/j.jacl.2021.03.007

 62. Volgman AS, Palaniappan LS, Aggarwal NT, Gupta M, Khandelwal 
A, Krishnan AV, Lichtman JH, Mehta LS, Patel HN, Shah KS, et al. 
Atherosclerotic cardiovascular disease in South Asians in the United 
States: epidemiology, risk factors, and treatments: a scientific statement 

https://doi.org//10.1681/ASN.2021070988
https://doi.org//10.1371/journal.pmed.1001779
https://doi.org//10.1371/journal.pmed.1001779
https://doi.org//10.1056/NEJMoa1114248
https://doi.org//10.1056/NEJMoa2102953
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/urine_assay.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/urine_assay.pdf
http://biobank.ctsu.ox.ac.uk/showcase/refer.cgi?id=5636
http://biobank.ctsu.ox.ac.uk/showcase/refer.cgi?id=5636
http://www.ukbiobank.ac.uk/resources/
https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Bloodpressure.pdf
https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Bloodpressure.pdf
https://doi.org//10.1155/2012/868029
https://doi.org//10.1093/ajcn/86.2.353
https://doi.org//10.1038/ki.2008.638
https://doi.org//10.1111/j.1523-1755.2004.00517.x
https://doi.org//10.1007/BF03347201
https://doi.org//10.1093/ndt/gfaa291
https://doi.org//10.1053/j.ajkd.2011.09.022
https://doi.org//10.1159/000503873
https://doi.org//10.1001/jama.297.3.286
https://doi.org//10.1001/jama.297.3.286
https://doi.org//10.1016/S0140-6736(04)17018-9
https://doi.org//10.1016/S0140-6736(00)02502-2
https://doi.org//10.1016/S0140-6736(00)02502-2
https://doi.org//10.1016/S0828-282X(06)70895-9
https://doi.org//10.1016/S0828-282X(06)70895-9
https://doi.org//10.1161/01.CIR.97.6.596
https://doi.org//10.1161/01.CIR.97.6.596
https://doi.org//10.1016/j.jacasi.2021.04.007
https://doi.org//10.1093/eurjpc/zwab074
https://doi.org//10.1093/eurjpc/zwab074
https://doi.org//10.1161/01.CIR.87.1.152
https://doi.org//10.1016/S0140-6736(96)02507-X
https://doi.org//10.1016/S0140-6736(96)02507-X
https://doi.org//10.1016/0140-6736(91)91164-P
https://doi.org//10.1161/01.cir.0000437741.48606.98
https://doi.org//10.1161/CIR.0000000000000625
https://doi.org//10.1136/bmj.j2099
https://doi.org//10.1038/ki.2008.151
https://doi.org//10.7326/0003-4819-145-4-200608150-00003
https://doi.org//10.3109/00365513.2010.546879
https://doi.org//10.1016/j.atherosclerosis.2019.05.014
https://doi.org//10.1016/j.jacl.2021.03.007


J Am Heart Assoc. 2023;12:e027079. DOI: 10.1161/JAHA.122.027079 13

Chen et al Cystatin C and Outcomes in South Asian Individuals

from the American Heart Association. Circulation. 2018;138:e1– e34. 
doi: 10.1161/CIR.0000000000000580

 63. Martinez- Amezcua P, Haque W, Khera R, Kanaya AM, Sattar N, Lam 
CSP, Harikrishnan S, Shah SJ, Kandula NR, Jose PO, et al. The up-
coming epidemic of heart failure in South Asia. Circ Heart Fail. 
2020;13:e007218. doi: 10.1161/CIRCH EAR TFA ILURE.120.007218

 64. Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, 
Collins R, Allen NE. Comparison of sociodemographic and health- 
related characteristics of UK Biobank participants with those of the 
general population. Am J Epidemiol. 2017;186:1026– 1034. doi: 10.1093/
aje/kwx246

 65. Kanaya AM, Hsing AW, Panapasa SV, Kandula NR, Araneta MRG, 
Shimbo D, Wang P, Gomez SL, Lee J, Narayan KMV, et al. Knowledge 
gaps, challenges, and opportunities in health and prevention research 
for Asian Americans, native Hawaiians, and Pacific Islanders: a report 
from the 2021 National Institutes of Health workshop. Ann Intern Med. 
2022;175:574– 589. doi: 10.7326/M21- 3729

 66. Bhopal R, Unwin N, White M, Yallop J, Walker L, Alberti KG, Harland 
J, Patel S, Ahmad N, Turner C, et al. Heterogeneity of coronary heart 
disease risk factors in Indian, Pakistani, Bangladeshi, and European or-
igin populations: cross sectional study. BMJ. 1999;319:215– 220. doi: 
10.1136/bmj.319.7204.215

https://doi.org//10.1161/CIR.0000000000000580
https://doi.org//10.1161/CIRCHEARTFAILURE.120.007218
https://doi.org//10.1093/aje/kwx246
https://doi.org//10.1093/aje/kwx246
https://doi.org//10.7326/M21-3729
https://doi.org//10.1136/bmj.319.7204.215


 

 

Supplemental Material 

 



Data S1. 
 
Supplemental Methods 
 
ICD Codes 

Incident myocardial infarction and stroke were identified through UK Biobank algorithmically-defined events and supplemented with the selected 

ICD 9 and 10 codes above. Incident heart failure events were identified using ICD10 codes only as there was no UK Biobank algorithm for this 

outcome.  

 

Diagnosis ICD codes 

Myocardial infarction ICD9: 410, 410.0, 410.1, 410.2, 410.3, 410.4, 410.5, 410.6, 410.7, 410.8, 410.9, 411, 411.0, 411.1, 411.8  
ICD10: I21,I21.0,I21.1,I21.2,I21.3,I21.4,I21.9, I21.A1, I21.A9, I22, I22.0, I22.1, I22.2, I22.8, I22.9, I23, I23.0, 
I23.1, I23.2, I23.3, I23.4, I23.5, I23.6, I23.8, I24, I24.0, I24.8, I24.9 

Stroke ICD9: 430.X, 431.X, 434.X, 434.0, 434.1, 434.9, 436.X 
ICD10: I60, I60.0, I60.1, I60.2, I60.3, I60.4, I60.5, I60.6, I60.7, I60.8, I60.9, I61, I61.0, I61.1, I61.2, I61.3, I61.4, 
I61.5, I61.6, I61.8, I61.8,  I61.9, G45, G45.0, G45.1, G45.2, G45.3, G45.4, G45.8, G45.9, G46.3, G46.4, I63, 
I63.0, I63.1, I63.2, I63.3, I63.4, I63.5, I63.6, I63.8, I63.9, I63.X, I65, I65.0, I65.1, I65.2, I65.8, I65.9, I66, I66.0, 
I66.1, I66.2, I66.3, I66.8, I66.9 

Heart failure ICD10: I11.0,I13.0,I13.2,I25.5,I42.0,I42.1,I42.2,I42.5,I42.8,I42.9,I50,I50.0,I50.1,I50.2, I50.3, I50.4, I50.8, I50.9 

Hypertension ICD 9: 4010, 4011, 4019, 4039 
ICD 10: I10, I15, I15.0, I15.1, I15.2, I15.8, I15.9 

Type 2 diabetes mellitus ICD 9: 2500, 25000, 25001, 25009, 25011, 25019, 2503, 2504, 2505, 25099 
ICD 10: E11, E11.0, E11.1, E11.2, E11.3, E11.4, E11.5, E11.6, E11.8, E11.9 
E13, E13.1, E13.2, E13.3, E13.4, E13.5, E13.6, E13.8, E13.9 

Systemic lupus erythematosus 
 

ICD 9: 6954, 7100 
ICD 10: M32, M32.0, M32.1, M32.8, M32.9 

Rheumatoid arthritis 
 

ICD9: 7140, 7141, 7142, 7143, 7144, 7148, 7149 
ICD 10: M05, M05.0, M05.1, M05.2, M05.3, M05.4, M05.5, M05.6, M05.7, M05.8, M05.9, M06, M06.0, M06.1, 
M06.2, M06.3, M06.4, M06.8, M06.9 

Human immunodeficiency virus ICD 10: B20.0, B20.1, B20.2, B20.3, B20.4, B20.6, B20.7, B20.8, Z21 

Thyroid disease 
 

ICD9: 2449, 24499, 2420, 2422, 2423, 2428, 2429 
ICD10: E03.9, E05, E05.0, E05.1, E05.2, E05.3, E05.4, E05.5, E05.8, E05.9 

 
 
 
 



Table S1. Associations of eGFRcr or eGFRcys with risks of mortality and CVD events, adding adjustment for thyroid disease, steroid use, C-
reactive protein, or chronic inflammatory illness (N = 7,738) 
   

 Subhazards and Hazard ratios (95% CI) by eGFRcr category 

 <45 
N = 35 

45-59 
N = 80 

60-89 
N = 1,487 

≥ 90 
N = 6,136 

All-cause mortality     
Fully-adjusted 6.49 (3.62, 11.64), p<0.001 1.49 (0.77, 2.86), p=0.23 1.15 (0.87, 1.52), p=0.33 1.00 
Exploratory  6.23 (3.46, 11.22), p<0.001 1.49 (0.78, 2.86), p=0.23 1.12 (0.85, 1.49), p=0.42 1.00 
     

Incident HF     
Fully-adjusted 5.27 (2.53, 10.95), p<0.001 1.82 (0.82, 4.02), p=0.14 1.10 (0.79, 1.53), p=0.57 1.00 
Exploratory 5.10 (2.45, 10.62), p<0.001 1.84 (0.83, 4.08), p=0.13 1.09 (0.79, 1.51), p=0.60 1.00 
     

ASCVD event     
Fully-adjusted 2.92 (1.40, 6.09), p=0.004 1.31 (0.70, 2.48), p=0.40 1.09 (0.86, 1.38), p=0.48 1.00 
Exploratory 2.72 (1.33, 5.57), p=0.006 1.31 (0.70, 2.45), p=0.40 1.08 (0.85, 1.37), p=0.54 1.00 
     
 Subhazards and Hazard ratios (95% CI) by eGFRcys category 

 <45 
N = 113 

45-59 
N = 481 

60-89 
N = 3,739 

≥ 90 
N = 3,405 

All-cause mortality     
Fully-adjusted 5.19 (3.13, 8.59), p<0.001 2.38 (1.55, 3.65), p<0.001 1.25 (0.91, 1.73), p=0.17 1.00 
Exploratory  4.70 (2.83, 7.79), p<0.001 2.16 (1.40, 3.33), p<0.001 1.20 (0.87, 1.65), p=0.28 1.00 
     

Incident HF     
Fully-adjusted 5.74 (3.07, 10.71), p<0.001 1.87 (1.09, 3.22), p=0.02 1.52 (1.03, 2.24), p=0.04 1.00 
Exploratory 5.59 (2.96, 10.54), p<0.001 1.81 (1.04, 3.15), p=0.04 1.50 (1.01, 2.22), p=0.04 1.00 
     

ASCVD event     
Fully-adjusted 2.31 (1.38, 3.89), p=0.002 1.40 (0.96, 2.03), p=0.08 1.06 (0.84, 1.34), p=0.61 1.00 
Exploratory 2.23 (1.33, 3.73), p=0.002 1.35 (0.92, 1.97), p=0.12 1.04 (0.83, 1.31), p=0.74 1.00 
     

 
Fully-adjusted models: age, sex, ethnicity/country of birth, Townsend deprivation index at recruitment, type 2 diabetes, HTN, SBP, tobacco smoking, family history of ASCVD, urine 
albumin/creatinine, body mass index, waist circumference, low-density lipoprotein, high-density lipoprotein, hemoglobin A1c, lipoprotein (a), and use of aspirin, statin, angiotensin-
converting enzyme inhibitor or angiotensin-receptor blocker, or beta-blockers 
Exploratory: fully-adjusted model + thyroid disease, steroid use, C-reactive protein, and chronic inflammatory illness (SLE, RA, HIV) 
 
 
Hazard ratios for mortality were obtained using Cox proportional hazards models. Subhazard ratios for incident HF and ASCVD event were obtained using Fine and Gray 
proportional subhazards regression, modeling mortality as a competing risk.   

  



Table S2. Association of eGFRcr-cys categories with risks of mortality and CVD events among South Asians in the UK Biobank (N = 7,738) 
 

 Subhazards and Hazard ratios (95% CI) by eGFRcr-cys category 

 <45 
N = 52 

45-59 
N = 127 

60-89 
N = 2,455 

≥ 90 
N = 5,104 

     
All-cause mortality     

Demographic-adjusted 9.85 (6.04, 16.07), p<0.001 2.76 (1.68, 4.56), p<0.001 1.18 (0.91, 1.54), p=0.22 1.00 
Fully-adjusted 5.97 (3.47, 10.26), p<0.001 1.83 (1.08, 3.09), p=0.02 1.16 (0.88, 1.52), p=0.30 1.00 

     
Incident HF     

Demographic-adjusted 12.96 (7.03, 23.92), p<0.001 4.85 (2.75, 8.54), p<0.001 1.61 (1.17, 2.22), p=0.004 1.00 
Fully-adjusted 6.47 (3.17, 13.20), p<0.001 3.11 (1.67, 5.78), p<0.001 1.42 (1.02, 1.98), p=0.04 1.00 

     
ASCVD event     

Demographic-adjusted 5.69 (3.29, 9.84), p<0.001 1.43 (0.84, 2.44), p=0.19 1.29 (1.04, 1.59), p=0.02 1.00 
Fully-adjusted 3.71 (1.99, 6.92), p<0.001 1.11 (0.63, 1.96), p=0.73 1.27 (1.02, 1.58), p=0.03 1.00 

     

 
Demographic-adjusted models: age, sex, ethnicity/country of birth 
Fully-adjusted models: demographic-adjusted model + Townsend deprivation index at recruitment, type 2 diabetes, hypertension, systolic blood pressure, tobacco smoking, family 
history of ASCVD, urine albumin-to-creatinine ratio, body mass index, waist circumference, low-density lipoprotein, high-density lipoprotein, hemoglobin A1c, lipoprotein (a), and use 
of aspirin, statin, angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker, or beta-blockers 
 
Hazard ratios for mortality were obtained using Cox proportional hazards models. Subhazard ratios for incident HF and ASCVD event were obtained using Fine and Gray 
proportional subhazards regression, modeling mortality as a competing risk. 
 
 
  



Table S3. Associations of jointly-modeled eGFRcys and eGFRcr with risks of mortality and CVD events among South Asians in the UK 
Biobank (N = 7,738) 
 
 

 Subhazards and Hazard ratios (95% CI)  
per 15 mL/min/1.73 m2 lower eGFR 

 
eGFRcys eGFRcr 

   
All-cause mortality 1.50 (1.29, 1.74), p<0.001 0.96 (0.83, 1.12), p=0.62 
   
Incident HF 1.46 (1.21, 1.75), p<0.001 0.98 (0.82, 1.17), p=0.79 

   
ASCVD event 1.22 (1.08, 1.38), p=0.002 0.98 (0.86, 1.13), p=0.81 
   

 
Jointly-modeled estimates obtained after adjustment for age, sex, ethnicity/country of birth, Townsend deprivation index at recruitment, type 2 diabetes, hypertension, systolic blood 
pressure, tobacco smoking, family history of ASCVD, urine albumin-to-creatinine ratio, body mass index, waist circumference, low-density lipoprotein, high-density lipoprotein, 
hemoglobin A1c, lipoprotein (a), and use of aspirin, statin, angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker, or beta-blockers 
 
Hazard ratios for mortality were obtained using Cox proportional hazards models. Subhazard ratios for incident HF and ASCVD event were obtained using Fine and Gray 
proportional subhazards regression, modeling mortality as a competing risk. 
  



Table S4. Baseline demographics of South Asian participants in the UK Biobank who were included versus excluded from the study cohort 
 

Baseline Characteristics Included 
(N = 7,738) 

Excluded 
(N=671) 

P value 

Demographics    

Age, years, mean (SD) 53.1 (8.4) 53.4 (8.4) 0.48 

Female sex, n (%) 3653 (47) 357 (53) 0.003 

Ethnicity or Country of Origin   0.10 

India, n (%) 5188 (67) 430 (64)  

Pakistan, n (%) 1548 (20) 149 (22)  

Sri Lanka, n (%) 657 (9) 60 (9)  

Bangladesh, n (%) 189 (2) 24 (4)  

Nepal, n (%) 156 (2) 8 (1)  

Townsend deprivation index score, median 
(IQR) 

0.2 (-2.2, 2.4) 0.3 (-2.1, 2.5) 0.45 

Family history of ASCVD, n (%) 3827 (50) 357 (53) 0.068 

Comorbidities    

Diabetes, n (%) 1461 (19) 141 (21) 0.19 

Hypertension, n (%) 4004 (52) 340 (51) 0.62 

Systolic blood pressure, mmHg, mean (SD) 135 (19) 135 (20) 0.78 

Diastolic blood pressure, mmHg, mean (SD) 83 (10) 82 (11) 0.30 

Thyroid disease, n (%) 558 (7) 48 (7) 1.00 

Smoking, n (%)   0.76 

Never 6056 (79) 528 (79)  

Previous 901 (12) 77 (12)  

Current 664 (8.6) 55 (8.2)  

Chronic inflammatory illness, n (%) 139 (2) 13 (2) 0.91 

Body mass index, kg/m2, mean (SD) 27 (4) 27 (5) 0.38 

Waist circumference, cm, mean (SD) 91.4 (11.7) 90.9 (11.9) 0.36 

Medications, n (%)    

Statins 1577 (20.4) 146 (21.8) 0.42 



ASA 1143 (14.8) 96 (14.3) 0.79 

ACEI/ARB 1134 (14.7) 100 (14.9) 0.91 

Beta-blockers 392 (5.1) 32 (4.8) 0.81 

Steroids 75 (1) 7 (1) 1.00 

Laboratory values    

UACR, n (%)   0.84 

<30 mg/g 6749 (91) 501 (91)  

30-300 mg/g 565 (8) 44 (8)  

>300 mg/g 85 (1) 5 (1)  

LDL cholesterol, mg/dL, mean (SD) 131 (32) 133 (40) 0.86 

HDL cholesterol, mg/dL, mean (SD) 49 (12) 43 (15) 0.43 

Lipoprotein (a), nmol/L, median (IQR) 32 (13, 65) 28 (21, 34) 0.76 

Hemoglobin A1c, %, median (IQR) 5.6 (5.4, 6.0) 5.7 (5.4, 6.0) 0.70 

C-reactive protein, mg/L, median (IQR) 1.6 (0.8, 3.3) 2.4 (0.8, 3.0) 0.69 

 
 
Abbreviations: SD, standard deviation; IQR, interquartile range; ASCVD, atherosclerotic cardiovascular disease; ASA, aspirin; ACEI/ARB, angiotensin-converting enzyme inhibitor or 
angiotensin-receptor blocker; UACR, urine albumin-to-creatinine ratio; LDL, low-density lipoprotein; HDL, high-density lipoprotein. 
 
Chronic inflammatory illness includes a prior diagnosis of systemic lupus erythematosus, rheumatoid arthritis, and human immunodeficiency virus. 
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