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IMPORTANCE |t is a global challenge to provide regular retinal screening for all people with
diabetes to detect sight-threatening diabetic retinopathy (STDR).

OBJECTIVE To determine if circulating biomarkers could be used to prioritize people with type
2 diabetes for retinal screening to detect STDR.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study collected data from October
22,2018, to December 31, 2021. All laboratory staff were masked to the clinical diagnosis,
assigned a study cohort, and provided with the database containing the clinical data. This
was a multicenter study conducted in parallel in 3 outpatient ophthalmology clinics in the
UK and 2 centers in India. Adults 40 years and older were categorized into 4 groups: (1) no
history of diabetes, (2) type 2 diabetes of at least 5 years' duration with no evidence of DR,
(3) nonproliferative DR with diabetic macular edema (DME), or (4) proliferative DR. STDR
comprised groups 3 and 4.

EXPOSURES Thirteen previously verified biomarkers were measured using enzyme-linked
immunosorbent assay.

MAIN OUTCOMES AND MEASURES Severity of DR and presence of DME were diagnosed using
fundus photographs and optical coherence tomography. Weighted logistic regression and
receiver operating characteristic curve analysis (ROC) were performed to identify biomarkers
that discriminate STDR from no DR beyond the standard clinical parameters of age, disease
duration, ethnicity (in the UK) and hemoglobin A, ..

RESULTS A total of 538 participants (mean [SD] age, 60.8 [9.8] years; 319 men [59.3%])
were recruited into the study. A total of 264 participants (49.1%) were from India (group 1,
54.[20.5%]; group 2, 53 [20.1%]; group 3, 52 [19.7%]; group 4, 105 [39.8%]), and 274
participants (50.9%) were from the UK (group 1, 50 [18.2%]; group 2, 70 [25.5%]; group 3,
55[20.1%]; group 4, 99 [36.1%]). ROC analysis (no DR vs STDR) showed that in addition to
age, disease duration, ethnicity (in the UK) and hemoglobin A,., inclusion of cystatin C had
near-acceptable discrimination power in both countries (area under the receiver operating
characteristic curve [AUC], 0.779; 95% Cl, 0.700-0.857 in 215 patients in the UK with
complete data; AUC, 0.696; 95% Cl, 0.602-0.791in 208 patients in India with complete
data).

CONCLUSIONS AND RELEVANCE Results of this cross-sectional study suggest that serum
cystatin C had good discrimination power in the UK and India. Circulating cystatin-C levels
may be considered as a test to identify those who require prioritization for retinal screening
for STDR.
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here are approximately 537 million people living with

diabetes globally, the majority of whom have type 2

diabetes.! Timely identification and prompt treatment
of sight-threatening diabetic retinopathy (STDR) will reduce
the risk of visual impairment in people with diabetes. There-
fore, regular retinal screening is recommended, but global cov-
erage of systematic DR screening is a formidable challenge.?3
Approximately 80% of people with diabetes live in low- and
middle-income countries where resources are restricted.!
Visual impairment owing to STDR is also more common in
minoritized ethnic groups.! Therefore, a paradigm shift in DR
screening strategy is required.

An alternative and more cost-effective risk-based strat-
egy for early identification of STDR may be possible if circu-
lating biomarkers could be used to triage those at risk of STDR
for retinal screening. Previous discovery and verification stud-
ies have reported a selection of circulating biomarkers with
good diagnostic power to identify those with STDR.* These
need to be validated in a large cohort in a clinical setting be-
fore being proposed as a viable triage tool for retinal screening.*

In this study, we aimed to evaluate previously verified
blood biomarkers using enzyme-linked immunosorbent as-
say (ELISA) for their potential usefulness as indicators of STDR.

Methods

This study was approved by the National Research Ethics Ser-
vice in the UK and the institutional review board of Vision Re-
search Foundation and Aravind Medical Research Founda-
tion in India. All patients provided written informed consent,
and the study followed the Declaration of Helsinki. Partici-
pants did not receive any compensation or incentives to par-
ticipate. This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guidelines.

Study Design and Participants

This multicenter cross-sectional study was conducted from Oc-
tober 22, 2018, to December 31, 2021, to evaluate previously
verified circulating biomarkers for STDR in adults 40 years and
older with type 2 diabetes. The study was conducted in par-
allel in the UK and India. In the UK, the study population was
recruited at 3 outpatient ophthalmology clinics, with 2 in Lon-
don, UK, and 1in Norwich, UK. Participant race and ethnicity
information was gathered based on self-reported data and clas-
sified according to their relevant office for national statistic
classification. Race and ethnicity categories included South
Asian, other Asian (ie, as categorized by the UK 2011 Census,
anindividual who is not Bangladeshi, Chinese, Indian, or Paki-
stani is classified as other Asian), Black, White, and other
(ie, any individual ethnicity that is not named in the UK 2011
Census). Prior studies have shown that racial and ethnic mi-
noritized groups are disproportionately affected by STDR.®
In India, study participants were recruited at 2 centers and
included exclusively people of Indian origin residing in both
urban and rural regions in Tamil Nadu, India. Participant sex
was determined based on self-reported data.
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Key Points

Question Can circulating serum biomarkers distinguish people
with sight-threatening diabetic retinopathy (STDR) from those
with no DR?

Findings This multicenter cross-sectional study of 538
participants found an incremental benefit of circulating cystatin C
beyond the standard clinical variables in discriminating STDR from
no DR. Cystatin C outperformed 12 other biomarkers found to be
distinguished in STDR in previous research.

Meaning Results of this study suggest the consideration of
circulating cystatin C levels as a triage test in prioritizing people
with type 2 diabetes from the community for retinal screening
in resource-restricted settings.

Masking

Routinely collected blood parameters such as glycated hemo-
globin A, (HbA,,), estimated glomerular filtration rate (eGFR),
and lipids were measured in hospital laboratories. The samples
were anonymized before transfer to the laboratories. All labo-
ratory staff were masked to the clinical diagnosis and data and
were assigned a study cohort.

Selection of Biomarkers

The selected biomarkers comprised complement factor B (CFB),
complement factor H (CFH), serpin A4 (kallistatin), a2 mac-
roglobulin (A2m), cystatin C, thrombin (F2), lipoprotein-
associated phospholipase A2 (Lp-PLA2), leucine-rich a2
glycoprotein 1 (LRG-1), 8-hydroxy-2'-deoxyguanosine (8-
OHDG), afamin, and apolipoprotein Al (ApoAl), B (ApoB), and
C3 (ApoC3).

Preparation of Serum Samples

Laboratory researchers in both countries followed the same
storage and processing instructions. Blood samples were col-
lected in serum separator tubes (BD vacutainer [BD]), al-
lowed to stand for 60 to 120 minutes, then centrifuged at 1100g
to 1300g for 10 minutes. Serum was then aliquoted, frozen, and
stored at -80 °C until sample processing in each laboratory.
For the UK cohort, all 13 markers were analyzed in a single
University College London laboratory whereas for the Indian
cohort, 6 markers were analyzed at the Aravind Eye Hospital,
Madurai, India, and 7 at the Vision Research Foundation,
Chennai, India.

Enzyme-Linked Immunosorbent Assay

Serum samples were thawed on ice and serially diluted to the
required, previously identified, concentration. ELISA proce-
dures, including the establishments of standard curves, were
carried out in accordance with manufacturer’s instructions
(eTable 1 in the Supplement). Final absorbance values were
measured on spectrophotometers. Dilutions of known pro-
tein standards (as provided by the manufacturers) were in-
cluded on each plate. From this, standard curves were de-
rived using 4-parameter logistic regression, in GraphPad Prism.
Absolute values for each experimental sample were interpo-
lated from these curves.
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o SuElmSo N |[Teg<€ag2cgo continuous variables and x? test or Fisher exact test for cat-
> oc8|laf® No Mmoo E£ETs e - . . s . s
° Z2L8[0l0 o= Y5852 5 %, 2 egorical variables. Probability weighted comparisons were
g . - g g é" 8 i =) E made between no DR and combined STDR group. Potential
S = = EY a8 . . . . . . .
"Ii = § 5] § C2f3a g 5 multicollinearity was assessed using the variance inflation fac-
=3|@ 829 239425 . . . . . .
E o RZ|5a S S5 € g2 § E 2 tor. Weighted logistic regression was used to identify vari-
nelmm =~ -85 m 84 . ; . .
E 28|38 o = EZ §s ¢ B2 ables that improve detection of STDR relative to no DR, in ad-
= =35 o g . . .
%‘ “é ER g gﬂ ez dition to a (base) model consisting of known risk factors for
! = 5 6 < . . s
i) w b ) = a 59 & 2 STDR: age, disease duration race and ethnicity (in the UK), and
i = —|8 IS @53 c50E
a Tas|e A SECNSEREG | HbA, .. Owing to the low prevalence of STDR in people with dia-
g 8213 S (2882232 8m te
= § 1 ERe = SE % 953 zZ 353 ‘é 5 betes, recruiting a cohort that is representative of the general
RS 5 o © J 5t 5 A . . .
E E=S|ne e 2 g5 g r%: ) g g % population in the proportion with STDR would require a large
- o = O . . . .
= § < = 28RS 3 sex= sample size to ensure there were sufficient events. There-
' i srEz2o8 24 £ .
] g L 33 S ‘gg TG 2F Q E fore, we oversampled STDR groups in our study and used
= =N = ~ ] 1 . s s . eps . :
S|zl =& ,Eu NS S = d33 5 8 835 weighted logistic regression to mitigate differences in the
E|E| 825|23 3 TEEE 25333 sample and population prevalence induced by case-control
O| Sl eE&(no IS §Re2=Ex>¢ p pop p y
£ szoas5sSsE sampling.® The diabetes population proportions of the groups
a ae8-285c33+ .
© » QEEELZFEE 8 were derived as follows: group 2 (no DR), 93.96%; group 3
oo ==Lt9 o dd2 .
2 £ SEFoS855s (NPDR with DME), 5.28%; and group 4 (PDR), 0.76% for the
© ) Q5 @ . . .
3 = z59¢8 N s % Ex UK from the English Diabetes Eye Screening Programme” and
o = = .
'E = . |256%28232E group 2 (no DR), 94.80%; group 3 (NPDR with DME), 4.45%;
— PE— e = 23 .
£ é = £<§ gecEgy and group 4 (PDR), 0.75% for South India from the South
~ = T O Y o . P . .
‘?? | E < = % 535 g <5 India part of the Statistical and Economic Modeling Study of
- =\ = =~ > T & £ > . . . : :
2 £ 2 2 2 % r‘% g 5 o= g g 5 Risk-Based Stratified and Personalized Screening for Diabe-
i == < REEEEREEE e tes and its Complications in India (SMART) India study,® after
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discounting the NPDR without DME group, not recruited in this
study. Probability weights w; for each disease group, were cal-
culated as 1,/y;, the ratio of the population proportion (t;) and
Complement factor B, ug/mL the sample proportion (¥,). Variables that reached statistical
significance in the adjusted analysis were introduced into a
forward stepwise selection routine with an entry criterion of
a = 0.1, with age, disease duration, race and ethnicity (in the
UK), and HbA, . forced into the models. Log, transformation
was used for variables serum creatinine, C-reactive protein,
triglycerides, A2m, 8-OHDG, ApoAl, ApoB, ApoC3, ApoB/
ApoAl, LRG-1, and cystatin C for logistic regression analysis,
to avoid estimating misleading associations from influential
outlying observations. Odds ratios (ORs), therefore, are inter-
preted in relation to relative percentage increase in the bio-
. marker rather than per absolute increase in the measured units
2.00 ‘ ‘ ‘ ‘ for other biomarkers.
;;D'\;‘E E‘EBIF:: No DR dia’;gtes The final models were summarized using ORs with 95%
Diagnosis CIs and the ROC curve. Sensitivity analysis was carried out to
) compare the area under the curve (AUC) of closely related bio-
. cyszat'" C. vg/mL . . markers serum creatinine and cystatin C. In addition, cysta-
4 - - - tin Clevels were compared between STDR (groups 3 and 4) and
no DR (group 2) in patients with normal kidney function (eGFR
>90 mL/min/1.73 m?) as elevated cystatin C levels may be
attributable to diabetic kidney disease rather than STDR. All
2-tailed P values < .10 were considered statistically signifi-
cant. Statistical analysis was carried out in RStudio, version
3.6.3 (RStudio)® and Stata MP, version 15 (StataCorp).'°

Figure 1. Box Plots Showing Distributions of Biomarkers
in the United Kingdom and India®
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P NPOR o DR o Descriptive Analysis
+DME +DME diabetes Intotal, 629 samples (365 in UK and 264 in India) were collected
Diagnosis from October 22, 2018, to December 31, 2021, exceeding the mini-
mum requirement for 500; however, in the UK, 91 biomarker
samples were lost owing to freezer failure (eFigure 1in the Supple-
ment). A total of 538 participants (mean [SD] age, 60.8 [9.8] years;
319 men [59.3%]; 219 women [40.7%]) were recruited into
the study. A total of 264 participants (49.1%) were from India
(group 1, 54 [20.5%]; group 2, 53 [20.1%]; group 3, 52 [19.7%];
group 4, 105 [39.8%]) all of whom were South Indian, and 274
participants (50.9%) were from the UK (group 1, 50 [18.2%]; group
2, 70 [25.5%]; group 3, 55 [20.1%]; group 4, 99 [36.1%]) with
. . . 73 South Asian (26.6%), 20 other Asian (7.3%), 60 Black (21.9%),
04 112 White (40.9%), and 9 other (3.3%) race and ethnicity (Table 1).
In the UK, mean (SD) age of participants was 63.0 (10.5) years
and 148 (54.0%) were men, whereas in India, mean (SD) age
PDR NPDR No DR No was 58.4 (8.5) years and 171 (64.8%) were men.
+DME +DME diabetes The demographic, clinical, and biomarker data of the
Diagnosis UK and India cohort, by outcome group, are shown in Table 1,
and weighted descriptive analyses comparing No DR and
STDR groups used for modeling are shown in eTable 2 in the

Leucine-rich a2 glycoprotein 1, pg/mL

Log, level
i

[Jindia [ United Kingdom

DME indicates diabetic macular edema; NPDR, nonproliferative diabetic
retinopathy; PDR, proliferative diabetic retinopathy.

2 pvalues were generated from the Mann-Whitney U (Wilcoxon rank sum) test Supplement. There were significant differences in biomarker

comparing biomarkers in the United Kingdom and samples from India. values between the UK and India across nearly all disease
bp = .0001. groups (Figure 1 and eFigure 2 in the Supplement); therefore,
€P>05. we continued as planned to analyze the markers by country

as allowed in the sample size calculation but did not further
pool the data. Box plots summarizing biomarker values by
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Table 2. Demographic and Clinical Data Logistic Regression Results for Detecting STDR Groups Relative to No DR, Adjusting for Age, Duration,
Race and Ethnicity (in the UK), and HbA,

uK? India®
Variable, per unit [No./Events] [No./Events]
increase or as indicated OR (95% Cl) Pvalue AUC (95% CI) OR (95% CI) Pvalue AUC (95% ClI)
Age, per 10-y increase [215/146] 0.66 .08 0.735 (0.652-0.818) [209/156] 0.87 .58 0.551 (0.447-0.654)
(0.42-1.06) (0.52-1.44)
Duration of diabetes, [215/146] 2.42 .001 0.735(0.652-0.818) [209/156]1.21 .57 0.551(0.447-0.654)
per 10-y (1.46-4.00) (0.62-2.39)
HbA,, per 10-mmol/mol [215/146]1.19 .08 0.735(0.652-0.818) [209/156] 1.04 .58 0.551 (0.447-0.654)
(0.98-1.45) (0.91-1.19)
Sex
Female 1 [Reference] NA NA 1 [Reference] NA NA
Male [215/146] 1.72 21 0.743 (0.661-0.825) [209/156] 1.18 .68 0.544 (0.441-0.648)
(0.73-4.04) (0.54-2.60)
Ethnicity
South Asian [215/146] 3.80 .02 NA NA NA
(1.21-11.94)
0.735(0.652-0.818)
Black [215/146]1.29 .64 NA NA NA
(0.44-3.77)
White 1 [Reference] NA NA NA NA NA
Other [215/146] 1.12 .87 ) NA NA NA
(0.28-2.57) 0.735(0.652-0.818)
Systolic blood pressure, [207/138]1.04 .75 0.739 (0.654-0.824) [205/155]1.22 .07 0.609 (0.506-0.712)
per 10 mm Hg (0.83-1.29) (0.99-1.51)
Diastolic blood pressure, [207/138]0.84 .37 0.743 (0.658-0.827) [205/155]1.57 .07 0.603 (0.500-0.707)
per 10 mm Hg (0.58-1.22) (0.97-2.54)
HDL, per 1 mg/dL [213/145]0.60 .37 0.752 (0.671-0.833) [209/156] 2.69 21 0.593 (0.490-0.697)
(0.20-1.85) (0.58-12.44)
LDL, per 1 mg/dL [208/141]1.01 .98 0.740 (0.657-0.823) [209/156]0.75 .17 0.584 (0.482-0.687)
(0.62-1.63) (0.49-1.13)
Triglycerides, per 15% [214/145]1.01 .87 0.734(0.652-0.817) [209/156] 0.85 .01 0.649 (0.550-0.748)
increase in mg/dL (0.92-1.11) (0.75-0.96)
CRP, per 10% increase [214/145]0.99 .61 0.733 (0.650-0.816) [180/132]0.97 33 0.610(0.498-0.721)
in mg/dL (0.95-1.03) (0.92-1.03)
Serum Creatinine, per [205/137]1.26 <.001 0.779 (0.700-0.858) [209/156]1.35 .002 0.661 (0.564-0.758)
10% increase in mg/dL (1.13-1.41) (1.12-1.63)
Insulin use
No insulin 1 [Reference] NA NA 1 [Reference] NA NA
Insulin [215/146] 1.68 31 0.743 (0.662-0.825) [177/132]12.37 .19 0.564 (0.453-0.675)
(0.61-4.61) (0.66-8.47)
Candidate biomarker data
CFB, per 100 pg/mL [215/146]10.97 .76 0.737 (0.654-0.819) [209/156]0.48 .003 0.665 (0.565-0.764)
increase (0.80-1.18) (0.29-0.78)
CFH, per 100 pg/mL [215/146] 1.13 .16 0.731(0.648-0.814) [209/156] 1.03 87 0.554 (0.451-0.657)
increase (0.95-1.34) (0.68-1.58)
Serpin A4, per 1 pg/mL [215/146]0.98 .82 0.733(0.651-0.816) [209/156]0.97 .70 0.563 (0.459-0.667)
increase (0.86-1.12) (0.82-1.14)
A2m, per 15% increase [215/146]0.99 .88 0.737 (0.654-0.819) [209/156]1.13 .07 0.604 (0.503-0.705)
in mg/mL (0.91-1.09) (0.99-1.28)
Afamin, per 1 pg/mL [215/146]0.96 .19 0.750 (0.668-0.831) [209/156]0.97 .06 0.595 (0.494-0.697)
increase (0.92-1.02) (0.95-1.00)
F2, per 100 ng/mL increase [215/146]0.96 .76 0.734(0.651-0.817) [209/156]0.92 .26 0.588(0.486-0.691)
(0.77-1.21) (0.80-1.06)
Cystatin C, per 10% in ug/mL ~ [215/146]1.12 .02 0.779 (0.700-0.857) [208/155]1.38 <.001 0.696 (0.602-0.791)
(1.02-1.23) (1.16-1.63)
Lp-PLA2, per 100 ng/mL [215/146]10.88 72 0.741 (0.659-0.823) [208/155]0.68 .06 0.609 (0.507-0.710)
increase (0.45-1.74) (0.45-1.02)
LRG-1, per 10% increase [215/146] 1.06 .03 0.763 (0.684-0.842) [209/156] 1.03 .45 0.582 (0.480-0.685)
inpg/mL (1.00-1.11) (0.96-1.10)
8-0HDG, per 30% increase [215/146]0.99 .98 0.735 (0.653-0.818) [209/156] 1.11 .38 0.581(0.478-0.684)
in ng/mL (0.71-1.39) (0.89-1.38)
ApoA1l, per 10% increase [215/146]0.98 .52 0.741 (0.660-0.823) [209/156]0.98 51 0.576 (0.474-0.678)
in pg/mL (0.91-1.05) (0.92-1.04)
(continued)
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Table 2. Demographic and Clinical Data Logistic Regression Results for Detecting STDR Groups Relative to No DR, Adjusting for Age, Duration,

Race and Ethnicity (in the UK), and HbA,_ (continued)

uk@ India®

Variable, per unit [No./Events] [No./Events]

increase or as indicated OR (95% Cl) Pvalue AUC (95% CI) OR (95% CI) Pvalue AUC (95% ClI)

ApoC3, per 10% increase [215/146]0.96 .32 0.740 (0.658-0.822) [209/156] 0.92 13 0.615(0.514-0.716)
in pg/mL (0.89-1.04) (0.83-1.02)

ApoB, per 10% increase [215/146]1.04 .35 0.739 (0.658-0.821) [209/156] 0.99 .79 0.567 (0.463-0.670)
in ug/mL (0.95-1.16) (0.92-1.06)

ApoB/A1, per 10% [215/146]1.02 .36 0.742 (0.660-0.824) [209/156] 1.02 .65 0.555 (0.453-0.658)
increase (0.98-1.07) (0.94-1.09)

Abbreviations: ApoA1, apolipoprotein Al; ApoB, apolipoprotein B;

ApoC3, Apolipoprotein C3; A2m, a2 macroglobulin; AUC, area under the
receiver operating characteristic curve; CRP, C-reactive protein;

CFB, complement factor B; CFH, complement factor H; DR, diabetic
retinopathy; F2, thrombin; HbA, ., hemoglobin A,.; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; Lp-PLA2, lipoprotein-associated
phospholipase A2; LRG-1, leucine-rich a2 glycoprotein 1; NA, not applicable;
OR, odds ratio; 8-OHDG, 8-hydroxy-2'-deoxyguanosine;

STDR, sight-threatening diabetic retinopathy.

2 Following adjustment for age, disease duration, race and ethnicity (merging

groups other Asian and other), and HbA,.. Results for variables age, duration,
race and ethnicity, and HbA,_ estimated with just these 4 variables in the
model. There were 224 participants with no DR or STDR, and missing data in
HbA,.. age, duration, race and ethnicity, and the variable under consideration
were dropped.

®Following adjustment for age, disease duration and HbA,.. Results for variables
age, diabetes duration, and HbA, estimated with these 3 variables in the
model. There were 210 participants with no DR or STDR, and missing data in
HbA,., age, duration, and the variable under consideration were dropped.

ethnic group for the UK are presented in eFigure 3 in the
Supplement.

Analysis of Expression Patterns: UK

Adjusted logistic regression results for demographic, clinical,
and biomarker data are shown in Table 2. In the adjusted analy-
sis, the following biomarkers were found to be elevated in STDR
(groups 3 and 4) relative to the group with no DR (group 2) in
the UK: cystatin-C (OR, 1.12 ug/mL; 95% CI, 1.02-1.23 pg/mL;
P =.02) and LRG-1 (OR, 1.06 pg/mL; 95% CI, 1.00-1.11 pg/mL;
P =.03). The base model consisting of variables age, dura-
tion, race and ethnicity, and HbA, . contributed an AUC of 0.735
(95% CI, 0.652-0.818). The addition of cystatin C to the base
model yielded an AUC of 0.779 (95% CI, 0.700-0.857 pg/mL)
and LRG-1to the base model yielded an AUC of 0.763 (95% CI,
0.684-0.842 pg/mL).

Analysis of Expression Patterns: India

Biomarkers that were found to be associated with STDR (groups
3and 4) relative to no DR (group 2) in the adjusted analysis were
as follows: CFB (0.48 pg/mL per 100 pg/mL increase; 95% CI,
0.29-0.78; P = .003), afamin (0.97 pg/mL per 1 ug/mL in-
crease; 95% CI, 0.95-1.00; P = .06), cystatin C (1.38 pg/mL per
10% increase; 95% CI, 1.16-1.63; P < .001), and Lp-PLA2 (0.68
pg/mL per 10 ng/mL increase; 95% CI, 0.45-1.02; P = .06)
(Table 2). Interestingly, triglycerides, CFB, Lp-PLA2, and afa-
min were downregulated in the STDR groups 3 and 4 com-
pared with the no DR group 2. The base model consisting of
variables age, duration, and HbA, . contributed an AUC of 0.551
(95% CI, 0.447-0.654). The addition of cystatin C to the base
model contributed an AUC of 0.696 (95% CI, 0.602-0.791) and
the base model plus CFB contributed an AUC of 0.665 (95% CI,
0.565-0.764).

Multicollinearity Between Biomarkers

In those variables that reached significance in adjusted analy-
sis (age, duration, HbA,, cystatin C, and LRG-1), the variance
inflation factor ranged from 1.1 to 1.2 in the UK. In India, the

JAMA Ophthalmology Published online May 5, 2022

variance inflation factor ranged 1.1 to 1.6 for variables age,
duration, HbA,, cystatin C, afamin, A2m, Lp-PLA2, and CFB,
which were variables considered for inclusion in the multi-
marker panel, indicating that multicollinearity is unlikely to
cause problems for our analysis.

Combination of Biomarkers to Improve

Discriminatory Power

For the UK model, the forward routine with selected addi-
tional biomarkers LRG-1and cystatin C together yielded an AUC
0f 0.807 (95% CI, 0.734-0.879) on top of variables in the base
model. In India, additional biomarkers included cystatin C and
CFB, with a combined AUC of 0.735 (95% CI, 0.647-0.822)
(eTable 2 in the Supplement, Table 3, and Figure 2).

Diagnostic Test Accuracy and Applications

ina Prospective UK and India Population

STDR detection relative to no DR in 1000 individuals in the UK
and India populations using the biomarker prescreening strat-
egyis shown in Table 3. In a UK population with estimated preva-
lence of STDR relative to no DR of 6%, if 1000 people with no
DR or STDR undergo retinal screening, 60 out of 1000 people
will be identified as having STDR. If the model including cys-
tatin C without LRG-1is used to prescreen these 1000 patients,
274 patients would be classified as high risk of STDR, and 47 out
of 60 patients with STDR will be detected with a test that maxi-
mizes the Youden index. The remaining 13 patients with STDR
would need to be identified as per current practice.

In India, retinal screening on 1000 people with no DR or
STDR will identify 52 individuals with STDR based on the
prevalence of STDR relative to no DR of 5.2%. If cystatin C was
used to test these patients first, a total of 115 out of 1000 will
be triaged for retinal screening and 29 out of 52 STDR will be
identified, using a targeted threshold of more than 8.6%. At
80% sensitivity (30% specificity), we would need to screen 704
patients out of 1000 to detect 42 out of 52 STDR cases, with
approximately 97% of low-risk patients correctly identified as
having no STDR.
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Figure 2. Diagnostic Performance of Combination of Biomarkers Selected From a Forward-Stepwise Routine for the United Kingdom?® and India®
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Area under the receiver operating characteristic curve (AUC) and 95% Cls are

presented. LRG-1indicates leucine-rich a2 glycoprotein 1.

2In the United Kingdom, a total of 215 patients with 146 sight-threatening
diabetic retinopathy (STDR) events were used to derive the final models. The

base model includes age, diabetes duration, race and ethnicity (South Asian,
Black, other) and hemoglobin A, (HbA,/).

®|n India, a total of 208 patients with 155 STDR events were used to derive the
final models. The base model includes age, diabetes duration, and HbA,.

Sensitivity Analysis

Asboth cystatin C and serum creatinine had comparable AUC,
cystatin C (log) was substituted with serum creatinine (log).
In the UK, only 205 patients with 137 STDR events had avail-
able data to use serum creatinine instead of cystatin C in the
models. The base model with serum creatinine instead of cys-
tatin C, yielded an AUC of 0.779, and when combining with
LRG-1,the AUCwas 0.791 (eFigure 4 in the Supplement). Using
the same sample of 205 patients yielded an AUC of 0.799
in the model using cystatin C instead of serum creatinine. In
India, replacing cystatin C with serum creatinine reduced the
AUC to 0.661 in a model with the known risk factors and
serum creatinine, and combined with CFB, the AUC was 0.731
compared with 0.735 in a model with cystatin C and CFB. As
cystatin C is also a marker of kidney disease, we conducted a
subgroup analysis in patients with normal kidney function, ie,
eGFR of 90 mL/min/1.73m? or greater (63 in the UK [33 STDR
events] and 61in India [38 STDR events]). In patients with an
eGFR of 90 mL/min/1.73m? or greater, the presence of STDR
correlated with elevated cystatin C levels in the UK (median,
1.1; IQR, 0.74-1.5 vs median, 1.7; IQR, 1.0-1.9; weighted Mann-
Whitney Utest, P = .004; age- and duration-adjusted weighted
logistic regression, P = .05) and similarly in India (median, 1.1;
IQR, 1.1-1.3 vs median, 1.4; IQR, 1.1-1.5; weighted Mann-
Whitney Utest, P = .21; age- and duration-adjusted weighted
logistic regression, P = .04).

|
Discussion

This cross-sectional study evaluated previously verified cir-
culating biomarkers for DR to establish if these markers
could identify STDR from no DR in clinical practice. Many of

JAMA Ophthalmology Published online May 5, 2022

the chosen markers did not perform as well as previously
reported.'!2 However, our results suggest possible use of
circulating cystatin C as a triage test, as well as the known
risk factors of age, race and ethnicity, duration of diabetes,
and HbA, >!* as a potentially valid method to identify indi-
viduals with STDR.

In the UK cohort, only cystatin C and LRG-1 showed sig-
nificant differences between no DR (group 2) and STDR (groups
3and 4). Comparing the STDR and no DR groups in India, CFB,
A2m, afamin, cystatin C, and Lp-PLA2 were significantly dif-
ferent at the a = 1% threshold. Owing to interlaboratory varia-
tions in some of the biomarkers investigated, we opted to in-
clude only the most stable biomarker in the strategy with
near-acceptable discrimination in both study cohorts.

When cystatin C levels were added to age, duration of dia-
betes, race and ethnicity, and HbA,. in the UK, the analysis
showed acceptable performance, with an AUC of 0.779 com-
pared with an AUC of 0.735 without cystatin C. In India, the
model with age, duration, and HbA,_had performance closer
to chance, with an AUC of 0.552, and adding cystatin C had
close to acceptable performance with an AUC of 0.696. The
validity of this strategy was similar in the UK and India; there-
fore, results suggest that this biomarker was useful in both
countries.®

Both models achieved adequate sensitivity while preserv-
ing test specificity to an extent; however, the UK models had
higher specificity across all tested thresholds. This might be
partly attributable to the duration of diabetes not being as ac-
curate in detecting STDR in India unlike the UK, where this was
one of the strongest indicators of STDR. Nonetheless, our re-
sults show stability across both data sets. Several studies done
globally have demonstrated an association between cystatin
C and DR.'62°
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Strengths and Limitations
This study had several strengths. First, both the UK and India
models achieved close to acceptable discrimination. Second,
the models relied mostly on routinely collected data, except
for cystatin C. However, a point-of-care cystatin C biosensor
is feasible to produce, will not require skilled workers to per-
form, and may be accessible as a web-based application for
self-monitoring by patients.?! Third, in contrast to many other
published studies, which often use mass spectrometry of
plasma,*!12 we opted for ELISA analyses of serum to remain
close to what is routinely available in a health care setting.??
Fourth, data for cystatin C, used in our final model, did re-
flect that seen in the literature.'®1°

However, there were several limitations. First, we were un-
able to pool the samples from UK and India owing to differ-
encesin the distribution of some biomarkers. More studies are
required to understand intercountry variations in the pro-
files of these biomarkers. Second, further validation in a co-
hort representative of the real-world prevalence of STDR and
not oversampled for cases is needed. Third, as these markers
were analyzed in stored and freeze-thawed serum only, fur-
ther validation of our prescreening strategy should be under-
taken in a community screening setting using finger-prick blood

Original Investigation Research

test. Notably, similar low-cost point-of-care HbA, . kits are
already available for community screening.?* Fourth, valida-
tion of a cystatin C point-of-care kit is needed before use in a
health care- or community-screening setting. Fifth, patients
with NPDR but without DME were not recruited into this study,
and therefore, statistical models may not generalize to all
patients with diabetes or represent population-level risk of
STDR. Sixth, serum cystatin C has also been shown to be an
early marker of diabetic kidney disease,?* but our results
showed that cystatin C remained elevated in STDR in a sub-
group of patients with normal eGFR.

. |
Conclusions

Results of this cross-sectional study suggest that serum cysta-
tin C had good discrimination power in the UK and India. Al-
though retinal imaging is the criterion standard for DR screen-
ing and should be advocated for all patients with diabetes on
an annual or biennial basis, this is not always feasible in low-
and middle-income countries. In such low-resource settings,
prescreening models with cystatin-C may potentially be used
to identify those who need prioritization for retinal screening.
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