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Introduction: Glomerular Research And Clinical Experiments–IgA Nephropathy in Indians (GRACE-IgANI)

is the first prospective South Asian IgAN cohort with protocolized follow-up and extensive biosample

collection. Here we report the baseline clinical, biochemical, and histopathologic characteristics of GRACE

IgANI and calculate baseline risk of progression for the cohort.

Methods: 201 incident adults with kidney biopsy–proven primary IgAN were recruited into GRACE-IgANI

between March 2015 and September 2017. As of April 30, 2020, the cohort had completed a median follow-

up of 30 months (interquartile range [IQR] 16-39).

Results: The commonest clinical presentation in GRACE IgANI was hypertension, with or without pro-

teinuria, and nephrotic-range proteinuria was present in 34%, despite <10 months of lead time to kidney

biopsy. The GRACE-IgANI kidney biopsy data demonstrated a disproportionate absence of active

glomerular lesions and overrepresentation of segmental sclerosing lesions and tubulointerstitial fibrosis at

presentation, often coexistent with relatively well-preserved estimated glomerular filtration rate (eGFR)

and low levels of proteinuria, especially in males. Baseline risk of progression was calculated for each

evaluable patient using 2 different risk prediction tools. The median 5-year absolute risk of end-stage

kidney disease (ESKD) was 19.8% (IQR 2.7–57.4) and median 5-year risk of progression to the combined

endpoint of 50% decline in eGFR or ESKD was 35.5% using the 2 tools.

Conclusions: The predicted risk of progression in this cohort was considerable. Over the next 5 years, we

will dissect the pathogenic pathways that underlie this severe South Asian IgAN phenotype.
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I
gA nephropathy (IgAN) is the most common
glomerulonephritis in the world and is a leading

cause of ESKD but has varied manifestations and risks
of progression in different ethnicities.1–5 The incidence
of glomerular diseases in the tropics is much higher
than in temperate countries. Nephrotic syndrome is 60
to 100 times more common in India than in countries
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like the United Kingdom and the United States.6 There
is no national glomerulonephritis registry in India and,
therefore, most reports on the epidemiology of
glomerular disease are based on single- or multicenter
retrospective studies of kidney biopsy registries. IgAN
is reported in 10% to 15% of all kidney biopsies in
India, with a high proportion of nephrotic syndrome
and renal dysfunction at presentation.7–12 Indian pa-
tients also seem to manifest the disease a decade earlier
than Caucasian and East Asian patients.13,14 A retro-
spective cohort study from our center reported hy-
pertension in 52% and renal impairment in 32% of
patients at presentation and only a 35% mean renal
Kidney International Reports (2021) 6, 414–428
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Table 1. Demographic and baseline clinical characteristics of the GRACE-IgANI cohort

Gender, male-to-female n (ratio) 142:59 (2.4:1)

Age, y, mean�SD) 36�10.02

BMI, mean�SD) 24.7�4.05

Hypertension, yes/evaluable patients (%) 169/201 (84.1)

Time to renal biopsy from onset of hypertension, mo, median (IQR) (n) 10 (2–36) (167)

Systolic blood pressure, mm Hg (mean�SD 138�20.33

Diastolic blood pressure, mm Hg, mean�SD 86.69�12.56

Mean arterial pressure, mm Hg, mean�SD 103.95�14.34

Blood pressure $140/90mm Hg, yes/evaluable patients (%) 110/201 (55%)

Synpharyngitic illness prior to presentation, yes/evaluable patients (%) 8/200 (4)

Pedal edema prior to presentation, yes/evaluable patients (%) 93/200 (46.5)

Time to renal biopsy from onset of pedal edema, mo, median (IQR) (n) 4 (2–11.5) (93)

Visible hematuria prior to presentation , yes/evaluable patients (%) 20/200 (10)

Time to renal biopsy from onset of visible hematuria, mo, median (IQR) (n) 4 (2–63) (19)

Renal dysfunction prior to presentation, yes/evaluable patients (%) 149/188 (79.3)

Time to renal biopsy from onset of renal dysfunction, mo, median (IQR) (n) 3 (1–7) (184)

Proteinuria prior to presentation , yes/evaluable patients (%) 157/160 (98.1)

Time to renal biopsy from onset of proteinuria, mo, median (IQR) (n) 2 (1–8) (160)

Nonvisible hematuria prior to presentation , yes/evaluable patients (%) 90/124 (72.6)

Time to renal biopsy from onset of nonvisible hematuria, mo, median (IQR) (n) 2 (1–7.75) (120)

Family history of CKD, yes/evaluable patients (%) 11/201 (5.5)

On RASB prior to biopsy, yes/evaluable patients (%) 74/201 (37)

Prior exposure to immunosuppression, yes/evaluable patients (%) 0/201 (0)

These data were collected from the patients’ medical records prior to inclusion in the GRACE-IgANI cohort. For some patients, these data were not available.
BMI, body mass index; CKD, chronic kidney disease; GRACE-IgANI, Glomerular Research And Clinical Experiments–IgA Nephropathy in Indians; IQR, interquartile range; RASB, renin-
angiotensin system blockers; SD, standard deviation.
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survival at 11 years, which is considerably less than
that reported in studies of IgAN in Caucasian co-
horts.4,5,15,16 It is unclear whether these differences in
epidemiology and risk of progression of IgAN in India
are due to fundamental differences in the pathogenesis
of IgAN or are more a reflection of differences in health
care provision in different parts of the world.

The Glomerular Research And Clinical Experiments–
IgA Nephropathy in Indians (GRACE-IgANI) longitu-
dinal prospective cohort study was designed to spe-
cifically address this question. Consecutive patients
diagnosed with IgAN who met the eligibility criteria
were consented to enter GRACE-IgANI, with recruit-
ment commencing in March 2015 and completed in
September 2017. All patients were recruited from the
Department of Nephrology, Christian Medical College,
Vellore, which is the largest private not-for-profit ter-
tiary referral hospital in South India. 201 incident adult
patients with IgAN were recruited. The full GRACE-
IgANI protocol has been published separately.17 In
brief, this prospective study was specifically designed
to enable collection of a full complement of biosamples
(including DNA, serum, plasma, urine, faeces, kidney
tissue) for in depth biomarker analysis to elucidate
pathogenic pathways operating in the cohort and
directly link these to clinical phenotype and kidney
disease progression during follow-up.

Here we report the baseline clinical, biochemical,
and histopathologic characteristics of this incident
Kidney International Reports (2021) 6, 414–428
cohort and calculate baseline risk of progression for the
cohort.
MATERIALS AND METHODS

The study protocol has previously been published17

and is registered with WHO trial id:
ISRCTN36834159. In brief, all patients with a diagnosis
of primary IgAN based on a kidney biopsy performed
at Christian Medical College, Vellore, and who satisfied
the eligibility criteria (Supplementary Table S1) were
consecutively and prospectively recruited into GRACE-
IgANI after informed consent. All prior medical re-
cords for each patient were carefully examined for
earliest reported abnormalities and the timelines noted
in the case report form. Renal dysfunction prior to
presentation to our center was defined as$1.3 mg/dl in
women and $1.5mg/dl in men. In-center follow-up
was for a minimum of 2 scheduled visits in the first 2
years and then 1–2 per year depending on the clinical
status of the patient. Patients were contacted at least
once every 3 to 6 months to ensure medication
compliance, optimization of blood pressure medications
using self-reported/clinic blood pressures, monitoring
of medication side effects, and test results.

Urine red bood cells were manually quantitated on
fresh urine samples, and urine protein creatinine ratio
was calculated from a 24-hour urine collection. eGFR
was calculated using both Modification of Diet in Renal
415



Figure 1. Geographic distribution of patients enrolled in the Glomerular Research And Clinical Experiments–IgA Nephropathy in Indians
(GRACE-IgANI) cohort. The country and state of origin of the 201 IgAN patients consecutively recruited into the GRACE-IgANI cohort.
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Disease (MDRD) study18 and Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI)19 equations for
adults, and CKD-EPI eGFR was used for stratification
and risk assessment. The renal biopsies in our center
are sectioned by trained technicians (>10 years’
416
experience) with specialized automatic Leica micro-
tomes (3-mm thickness). All kidney biopsies were
evaluated independently by 2 experienced neph-
ropathologists. A total of 185 biopsies met the criteria
for scoring using the revised Oxford MEST-C
Kidney International Reports (2021) 6, 414–428



Table 2. Baseline laboratory parameters in the GRACE-IgANI cohort

Hemoglobin, g/dl, mean�SD (evaluable patients) 12.12�2.06 (201)

Serum total protein, g/dl, mean�SD (evaluable
patients)

6.85�0.7 (198)

Serum albumin, g/dl, mean�SD (evaluable patients) 4�0.56 (198)

24-h urine protein, g/d, median (IQR) (evaluable
patients)

1.9 (1–3.75) (200)

Serum total cholesterol, mg/dl, mean�SD
(evaluable patients)

176.88�57.12 (198)

Serum uric acid, mg/dl, mean�SD (evaluable
patients))

7.02�1.88 (199)

Serum creatinine, mg/dl, mean�SD (evaluable
patients)

2.1�1.06 (201)

eGFR MDRD, ml/min per 1.73 m2, median (IQR)
(evaluable patients)

36 (24–60.5) (201)

eGFR CKD-EPI, ml/min per 1.73 m2, median (IQR)
(evaluable patients)

36 (26–67.5) (201)

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated
glomerular filtration rate; GRACE-IgANI, Glomerular Research And Clinical Experiments–
IgA Nephropathy in Indians; MDRD, Modification of Diet in Renal Disease; SD, standard
deviation.

Table 3. Histopathologic parameters in the GRACE-IgANI cohort

Oxford MEST-C Score (n¼185)

M1/M0 (M1 %) 21/164 (11.4)

E1/E0 (E1 %) 81/104 (43.8)

S1/S0 (S1 %) 148/37 (80)

T2/T1/T0 (T2 %/T1 %) 76/70/39 (41.1/37.8)

C2/C1/C0 (C2 %/C1 %) 4/12/169 (2.2/6.4)

Global glomerulosclerosis (GS) (n¼185),
(GS / total glomeruli) � 100%, median (IQR)

32.05 (12.5–46.66)

Immunofluorescence staining (n¼201), n (%)

IgA (þþþ) 148 (73.6)

IgG (þþ & þþþ) 11 (5.5)

IgM (þþ & þþþ) 4 (2)

C3 (þþ & þþþ) 74 (36.8)

GRACE-IgANI, Glomerular Research And Clinical Experiments–IgA Nephropathy in
Indians.
Total number of glomeruli per biopsy (median [IQR]) ¼ 9 (7–13).
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Classification.20 Sixteen biopsies did not contain
adequate (<8) glomeruli for evaluation and were
excluded from the analysis. For each case, an Oxford
Classification MEST-C score was generated by joint
consensus, with discrepant cases being rereviewed
using a multiheaded microscope and a final score
agreed. All 201 slides were stained for immunoglobu-
lins, complement C3 and C4, kappa and lambda by
immunofluorescence in the same laboratory and simi-
larly evaluated. Electron microscopy was not per-
formed as this is not routinely available at our center.
Statistical Analysis

All demographic, clinical, laboratory, and histology
variables were stored in a secure database. Categorical
and continuous variables are expressed as proportions
and means � standard deviation for normally distrib-
uted variables and as median with interquartile range
for non-normally distributed variables. The normality
of the distribution was assessed using the Kolmogorov-
Smirnov test. Correlations were reported using Pearson
or Spearman coefficients for parametric and nonpara-
metric variables, respectively. The c2 test was used to
compare categorical variables (Fisher exact test if not
applicable). The Student t test or the Mann-Whitney U
test was used to compare continuous variables with or
without normal distributions, respectively. One-way
analysis of variance was used for comparisons be-
tween 3 or more groups and the t test with Fisher least
significant difference was used to test significance be-
tween groups. Table 1 and Supplementary Table S1 are
historical data prior to presentation to our center and
are descriptive. There are also a small number (#3/201)
of missing laboratory values for the cohort; we do
believe the absence of this data has not adversely
affected the analyses performed. All analyses were
Kidney International Reports (2021) 6, 414–428
performed using IBM SPSS Statistics for Windows,
version 21, and graphs were produced using GraphPad
Prism version 7.0e for Macintosh. All P values were 2-
sided, and values <0.05 were considered significant.

RESULTS

Baseline Clinical, Biochemical, and Histopatho-

logic Features

The geographic distribution of the 201 adult IgAN pa-
tients recruited into the GRACE-IgANI cohort is shown
in Figure 1. As of April 30, 2020, the cohort had
completed a median follow-up of 30 (IQR 16–39) months.
Baseline clinical, biochemical, and kidney histopatho-
logic characteristics for the cohort are described in
Tables 1–3. Similar to studies in Caucasians, but distinct
from East Asians, males predominated (male-female
ratio¼ 2.4:1) in the GRACE-IgANI cohort. The mean age
at presentation was 36 years, with more than 75% of
incident patients having established CKD and hyper-
tension at the time of kidney biopsy. Female IgAN pa-
tients tended to be younger and had significantly lower
mean arterial pressure (MAP), hemoglobin, serum al-
bumin, uric acid, and creatinine (Supplementary
Tables S2 and S3). However, there was no difference
in proteinuria or eGFR and in the majority of histo-
pathologic features between females and males
(Supplementary Tables S2–S4).

The pattern of clinical presentation according to
CKD-EPI eGFR (Chronic Kidney Disease– Epidemiology
Collaboration estimated glomerular filtration rate) and
proteinuria tertiles are illustrated in Figure 2. Non-
visible hematuria was not included as it was an almost
universal feature at presentation of IgAN. The com-
monest clinical presentation among patients with
eGFR <60 ml/min per 1.73 m2 was hypertension (114/
139, 82%) with or without pedal edema. Pedal edema
without accompanying hypertension was seen pre-
dominantly in those patients with an eGFR$60 ml/min
417



Figure 2. Patterns of clinical presentation of the Glomerular Research And Clinical Experiments–IgA Nephropathy in Indians (GRACE-IgANI)
cohort. Each circle represents 1% of the selected population. Percentage shown for each clinical presentation is stratified by CKD-EPI eGFR
and proteinuria. eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; UP, urine protein.
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per 1.73 m2 (13/61, 21%) and heavy proteinuria
(Figure 2).

Systemic symptoms (fatigue, arthralgia, low-grade
fever) were present in a minority of patients (11/200
[5.5%]). Visible hematuria (20/200 [10%] with 15/20
[75%] associated with a synpharyngitic illness was
uncommon. IgAN was incidentally diagnosed in
asymptomatic individuals in only 17/200 (8.5%) during
health checkups for insurance applications, job
recruitment, or among army recruits and had milder
clinical manifestations (MAP ¼ 98�14 mm Hg, eGFR 63
ml/min per 1.73 m2 [IQR 24–98], proteinuria 1.6 g/d
[IQR 0.7–2.6]). A not infrequent presentation was
418
visual disturbance secondary to a hypertensive ur-
gency (MAP 120.4 � 18 mm Hg, 12/201 [6%]). Most
cases were in young men (10/12 [83%]; mean age
29.5�8 vs. 36�10 years [whole cohort], P ¼ 0.02). All
cases had significant kidney damage (eGFR ¼ 28�12
ml/min per 1.73 m2) and heavy proteinuria (4 g/d; IQR
1–6) at presentation along with high S1 and T2 scores
(11/12 [91%] and 10/12 [83%]) and a high proportion of
globally sclerosed glomeruli (59%, IQR 36%–74%).

The median lead time to kidney biopsy from detec-
tion of hypertension was 10 months (IQR 2–36) (Table 1
and Figure 3). The lead time to kidney biopsy for all
other symptoms or from detection of abnormal
Kidney International Reports (2021) 6, 414–428



Figure 3. Time to renal biopsy from onset of symptoms or detection of abnormal laboratory parameters. (a) Categorized for 24-hour urine protein
(UP) at baseline; (b) categorized for CKD-EPI eGFR at baseline.
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laboratory parameters was less than 6 months for each
tertile of baseline proteinuria (Figure 3a) and for each
tertile of CKD-EPI eGFR (Figure 3b). At baseline, higher
MAP (>104 mm Hg) was associated with significantly
higher proteinuria and lower eGFR (Table 4). The asso-
ciations of MAP, eGFR, and proteinuria categories with
other clinical variables are reported in Table 4. It is
noteworthy that those patients presenting with a higher
eGFR ($60 ml/min per 1.73 m2) were significantly
younger (31�8 vs 38�10 years, P < 0.001), and patients
presenting with higher levels of proteinuria (>1 g/ 24 h)
were more likely to be females.

We were able to assess the MEST-C score in 185 of 201
(92.5%) patients and evaluate immunofluorescence
Kidney International Reports (2021) 6, 414–428
staining for IgA, IgG, IgM, and C3 in all kidney biopsies
(Table 3). In our cohort, a high proportion of kidneys
already showed significant evidence of fibrosis with T1/
T2 lesions (79%) at baseline (Table 3). As expected, these
sclerosing lesions (S1, T1, and T2) were associated with
lower eGFR, higher MAP (expect S1), and higher urine
protein excretion at presentation (Table 5 and Figure 4).
Similarly, global glomerulosclerosis (GS) was present in a
significant number of cases and associated with lower
eGFR and higher urine protein excretion. None of the
renal biopsies showed evidence of an acute/active or
chronic thrombotic microangiopathy. It was interesting
to note that the traditionally benign manifestation of
visible hematuria with synpharyngitic illness was
419



Table 4. Relationship between MAP, eGFR, proteinuria, and other clinical variables

Characteristic

MAP (mm Hg)
No. of evaluable patients (%)

P value

eGFR (ml/min per 1.73 m2)
No. of evaluable patients (%)

P value

Proteinuria (g/d)
No. of evaluable patients (%)

P value
<104 (111/201

(55.2))
‡104 (90/201

(44.8))
>59.9 (62/201

(30.8))
30-59.9 (78/201

(38.8))
<30 (61/201

(30.3))
<1 (49/200
(24.5%))

1-2.99 (84/200
(42%))

>3 (67/200
(33.5%))

Age, yr, mean�SD 35.97�11 36.04�8.7 ns 31.29�8.23 37.91�9.76 38.36�10.53 <0.001a,b 34.08�11.35 36.45�10 37.04�8.86 ns

Gender, male-female, n (ratio) 73:38 (1.9:1) 69:21 (3.3:1) 0.06 40:22 (1.8:1) 58:20 (2.9:1) 44:17 (2.58:1) ns 27:22 (1.2:1) 65:19 (3.4:1) 50:17 (2.9:1) 0.017

BMI, mean�SD 24.62�3.7 24.99�4.5 ns 25.71�4.4 24.5�4.3 24.22�3.1 ns 24.85�3.73 24.58�3.83 25.07�4.55 ns

Systolic BP, mm Hg, mean�SD 125.68�12.7 154.27�16.6 <0.001 132�17.0 138.67�18.28 144.84�23.86 0.04a

<0.001b
130.69�18.18 137�19.14 146.16�21.03 <0.001b, 0.006c

Diastolic BP, mm Hg, mean�SD 77.94�6 97.48�9.8 <0.001 84.48�11.3 87.47�11 88�15.3 ns 82.55�11.53 85.29�11.17 91.57�13.57 <0.001b, 0.002c

MAP, mm Hg, mean�SD 93.85�7.1 116.41�10.8 <0.001 100.32�12.51 104.54�12.6 106.89�17.3 0.01b 98.6�13.16 102.52�13.06 109.77�14.94 <0.001b, 0.002c

BP $140/90 mm Hg, n yes (%) 22 (20) 88 (97.8) <0.001 26 (41.9) 44 (56.4) 40 (65.6) 0.037 16 (32.7) 43 (51.2) 51 (76.1) <0.001

Hemoglobin, g/dl, mean�SD 12�2.1 12.3�2.1 ns 13.04�1.9 12.3�1.8 10.9�2 0.01a,
<0.001b,c

12.6�2.24 12.18�1.98 11.69�1.99 0.02b

Serum total protein, g/dl,
mean�SD, n

6.86�0.7 6.83�0.7 ns 7.05�0.84 (60) 6.97�0.62 (76) 6.6�0.57 (62) 0.001b,c 7.32�0.52 (48) 6.96�0.62 (82) 6.4�0.65 (67) 0.001a

<0.001b,c

Serum albumin, g/dl, mean�SD, n 3.94�0.6 3.98�0.5 ns 3.99�0.7 (60) 4.06�0.48 (76) 3.79�0.45 (62) 0.04b, 0.007c 4.35�0.36 (48) 4.06�0.44 (82) 3.57�0.54 (67) 0.001a

<0.001b,c

24-hour urine protein, g/d, median
(IQR)

1.55 (0.8–2.8) 2.54 (1.4–4.4) 0.001 1.2 (0.6–2.54) 1.79 (1–3.5) 3.1 (1.7–4.8) <0.001b,
0.002c

0.55 (0.30–0.82) 1.74 (1.36–2.28) 4.6 (3.7–5.9) <0.001a,b,c

Serum total cholesterol, mg/dl,
mean�SD

171.64�62.4 183.29�49.5 ns 185.53�72.86
(60)

182.86�50.22 (76) 160.37�42.37
(62)

0.01b,c 151.38�37.12
(48)

171.11�46.56
(83)

200.88�69.5
(48)

<0.001b, 0.001c

Serum uric acid, mg/dl, mean�SD 6.62�1.8 7.51�1.8 0.001 6.2�1.48 (60) 7.52�1.9 (78) 7.23�1.94 (61) <0.001a,
0.003b

6.5�1.98 (49) 7.05�1.9 (82) 7.39�1.7 (67) 0.02b

Serum creatinine, mg/dl, mean�SD 1.9�1 2.4�1.1 0.003 1.02�0.29 1.96�0.36 3.39�0.76 <0.001a,b,c 1.53�0.82 2.15�1.06 2.50�1.05 0.001a, <0.001b

0.04c

eGFR, ml/min per 1.73 m2, median
(IQR)

44 (29–80) 36 (24–54.3) 0.009 89.5 (72.8–114.5) 40 (33–47) 21 (16–24) <0.001a,b,c 59 (36–107.5) 43 (28.25–64) 30 (22–42) <0.001a,b

eGFR, estimated glomerular filtration rate (calculated using the CKD-EPI [Chronic Kidney Disease Epidemiology Collaboration] formula); BMI, body mass index; BP, blood pressure; MAP, mean arterial pressure; SD, standard deviation.
One-way analysis of variance was used for comparisons between 3 or more groups and the t Test with Fisher Least Significant Difference was used to test significance between groups. P value was significant at 0.05 between acolumns 1 and 2,
bcolumns 1 and 3, and ccolumns 2 and 3 columns.
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Table 5. Relationship between histopathologic and clinical variables
Characteristic (no. of valuable biopsies) MAP (mm Hg) P value eGFR (ml/min/per 1.73 m2) P value Proteinuria (g/d) P value

M0 (164/185) 104.05�14.0 0.76 40 (27–72.75) 0.82 2.1 (1–4) 0.10

M1 (21/185) 103.08�12.9 38 (23.5–64.5) 1.5 (0.96–2.35)

E0 (104/185) 102.82�14.9 0.21 40.5 (28.25–73.75) 0.49 1.43 (0.82–2.7) <0.001

E1 (81/185) 105.39�12.4 39 (24–64) 2.85 (1.5–4.83)

S0 (37/185) 100.71�15.3 0.11 82 (38.5–117.5) <0.001 0.94 (0.38–1.75) <0.001

S1 (148/185) 104.75�13.4 37.5 (24–52.75) 2.3 (1.1–4.1)

T0 (39/185) 99.56�11.8 98 (74–116) 0.97 (0.43–2.25)

T1 (70/185) 102.11�13.06 0.01a 44.5 (33–61.5) <0.001 1.5 (1–2.67) <0.001a

T2 (76/185) 107.89�14.7 0.002b 26.5 (19–39.75) <0.001 3.3 (1.73–5.23) <0.001b

C0 (69/185) 104.17�14.1 40 (26–67) 1.9 (1–3.8)

C1 (12/185) 101.4�12.9 51 (31.3–75) 2.4 (0.9–4)

C2 (4/185) 102�4.4 0.773 36 (22.5–67.5) 0.49 3.2 (1.5–7.7) 0.78

(GS/total glomeruli)*100

<33% (92/184) 102.33�11.3 64.5 (39.3–102) 1.5 (0.9–3)

$33% (92/184) 105.42�16 0.13 31 (20–40) <0.001 2.5 (1.2–4.2) 0.007

IgA

þ & þþ (53/201) 107.54�17.09 0.06 31 (24-50) 0.005 1.9 (0.9-4) 0.71

þþþ (148/201) 102.67�13.04 43.5 (28.25-81.5) 1.9 (1-3.5)

IgG

– & þ (190/201) 104.2�14 0.3 39 (25.75-65.25) 0.031 2 (1-3.78) 0.08

þþ & þþþ (11/201) 99.61�19.6 67 (33-118) 1 (0.7-2.4)

IgM

- & þ (196/201) 103.9�14.3 0.7 39 (25.75-65.25) 0.011 1.9 (1-3.79) 0.13

þþ & þþþ (4/201) 106.67�16.7 67 (33-118) 1.0 (0.34-2.1)

C3

– & þ (127/201) 104.8�15 0.27 38 (26-61) 0.26 1.81 (1-3.8) 0.89

þþ & þþþ (74/201) 102.5�13.1 47 (24-81.25) 2.2 (0.87-3.63)

ANOVA, analysis of variance; MAP, mean arterial pressure; eGFR, estimated glomerular filtration rate (calculated using the CKD-EPI [Chronic Kidney Disease Epidemiology Collabo-
ration] formula).
One-way ANOVA for significant effect of T score on MAP was F(2, 182) ¼ 5.92, P ¼ 0.003, post hoc comparisons using the t test with Fisher least significant difference was significant for
(T1 vs. T2)a and (T0 vs. T2)b; 1-way ANOVA for significant effect of T score on eGFR was F(2, 182) ¼ 73.84, P < 0.001, post hoc comparisons using the t test with Fisher least significant
difference was significant for (T1 vs. T2), (T0 vs. T1), and (T0 vs. T2); 1-way ANOVA for significant effect of T score on proteinuria was F(2, 181) ¼ 69.58, P < 0.001, post hoc comparisons
using the t test with Fisher least significant difference was significant for (T1 vs. T2)a and (T0 vs. T2).b
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frequently accompanied by hypertension (15/20, 75%)
and the presence of fibrotic lesions (S1 [13/18, 70.2%] and
T1/T2 [11/18, 61.1%]). Even incidentally diagnosed
clinically “mild” IgAN was associated with a significant
number of fibrotic lesions (S1 [11/16, 68.8%] and T1/T2
[10/16, 62.5%]).

What is perhaps most surprising when reviewing the
kidney histology is the marked infrequency of crescents
(8.6%). Despite the absence of crescents, endocapillary
hypercellularity (E1) was seen in 44% of kidneys and
was associated with the extent of proteinuria but not
eGFR at presentation. Mesangial hypercellularity (M1)
was also uncommon (11.4%) and did not have any
clinical associations in our cohort (Tables 3 and 5). Co-
deposition of IgG (>grade 1þ ¼ 10.5%) and/or IgM
(>grade 1þ ¼ 22.4%) were seen in one-third of cases,
with evidence of complement activation in more than
two-thirds of cases (C3 >grade 1þ ¼ 78.6%).

Patients With Proteinuria <1 g/d at Kidney

Biopsy

Proteinuria less than 1 g/d is generally regarded as a
good prognostic feature in IgAN and was seen in 25%
Kidney International Reports (2021) 6, 414–428
(49/201) of the cohort. Clinical associations are reported
in Table 4. Despite the low level of proteinuria, there
were already signs of significant kidney damage in this
group, with 21% (9/44) having E1 lesions, 57% (25/44)
S1 lesions, 57% (25/44) T1/T2 lesions, and 20% GS
(IQR 0–42). Even in the 24 patients with eGFR $60 ml/
min per 1.73 m2, there was still a significant burden of
established kidney damage (24% [5/21] E1 lesions; 38%
[8/21] S1 lesions; 19% [25/44] T1/T2 lesions; 0% GS).
Immunofluorescence (IF) staining showed IgA grade 3þ
in 35/49 (71%) and C3 staining in 43/49 (88%) biopsies.

Patients With Proteinuria $3 g/d at Kidney

Biopsy

Presentation with nephrotic range proteinuria is un-
usual in Caucasian IgAN cohorts; however, this was
observed in 34% (67/201) of the GRACE-IgANI cohort.
Clinical correlates are reported in Table 4. As expected,
this group had evidence of extensive kidney damage at
presentation, with 9.7% (6/62) having E1 lesions, 90%
(56/62) S1 lesions, 92% (57/62) T1 and T2 lesions, and
38% GS (IQR 16.7–53.1). Strikingly, crescents were
rare in this group. Even among the 12 patients with
421



Figure 4. Relationship of the presence of the S and T lesions of the Oxford Classification with key clinical variables. There were significant
associations between the presence of segmental glomerular sclerosis (S1) and 24-hour urine protein excretion and eGFR (CKD-EPI) at the time
of diagnosis, but not mean arterial blood pressure. Similarly, there were significant associations between the extent of tubulointerstitial
inflammation and fibrosis (T1 and T2) and 24-hour urine protein excretion and eGFR (CKD-EPI) at the time of kidney biopsy, as well as mean
arterial blood pressure. eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.
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eGFR $60 ml/min per 1.73 m2, kidney damage was
already advanced (55% [6/11] E1 lesions; 72% [8/11] S1
lesions; 64% [7/11] T1 and T2 lesions; 11% GS [IQR 0–
25]). Immunofluorescence staining showed similar pat-
terns to that seen in the <1 g/d group (IgA grade 3þ:
64% [43/67]; C3 staining: 67% [45/67]).

Baseline Risk of Progression in the

GRACE-IgANI Cohort Using 2 Different Risk

Prediction Scores

At the time of recruitment to the GRACE-IgANI cohort,
the most comprehensive risk prediction score for IgAN
was that described by Tanaka et al.,21 and this was
used to risk stratify 185 IgAN patients with complete
MEST-C scores for longitudinal follow-up.17 This risk
prediction tool uses 5 parameters: proteinuria, eGFR,
and the M, S, and T scores of the Oxford classification
to give a total risk score (TRS) between 0 and 34, which
translates to a 5-year absolute risk of ESKD. In 2019, a
new IgAN risk prediction tool was published by Bar-
bour et al.22 on behalf of the International IgA
422
Nephropathy Network (IIGANN). This tool in-
corporates 7 additional parameters and allows calcula-
tion of individual risk of progression to a combined
endpoint of 50% decline in eGFR or ESKD up to 5 years
from diagnosis. We calculated the 5-year risk of ESKD
(Tanaka et al.) and the 5-year risk of progression to a
50% decline in eGFR or ESKD (Barbour et al.) for each
patient in the GRACE-IgANI cohort (Figure 5a). The
median TRS using the renal risk equation developed by
Tanaka et al.21 was 19 (IQR 13–24), which equates to a
5-year absolute risk of ESKD of 19.8% (IQR 2.7–57.4).
The median 5-year risk of progression to the combined
endpoint of 50% decline in eGFR or ESKD (Barbour
et al.) was 35.5% (IQR 13.7–56.2). Not surprisingly, for
most patients there was good concordance (Figure 5a)
and a reasonable correlation (Figure 5b; r ¼ 0.89, n ¼
185, P < 0.001) between the 2 risk scores. However,
there was a divergence in calculated risk between the 2
risk prediction tools in patients at greatest risk of
progression. To confirm the high-risk profile of the
GRACE-IgANI cohort, we also calculated the
Kidney International Reports (2021) 6, 414–428



Figure 5. Baseline risk of progression in the Glomerular Research And Clinical Experiments–IgA Nephropathy in Indians (GRACE-IgANI) cohort
using 2 different risk prediction scores. (a) We calculated the 5-year risk of a 50% decline in eGFR or ESKD using the International IgA Ne-
phropathy Network (IIGANN) risk prediction tool (Barbour et al.) and the 5-year risk of ESKD using the renal risk equation developed by Tanaka
et al. for the 185 IgAN patients with complete MEST-C scores in the GRACE-IgANI cohort. Each patient is represented in a separate column and
ordered according to increasing 5 year risk of ESKD using the renal risk equation developed by Tanaka et al. (b) There was a clear correlation
between each patients 5-year risk of a 50% decline in eGFR or ESKD using the International IgA Nephropathy Network (IIGANN) risk (continued)
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corresponding 2-year risk of progression for each pa-
tient using the Barbour et al. tool (Figure 5c).

The GRACE-IgANI cohort was divided into lower-
risk (LR) and higher-risk (HR) groups based on these
median 5-year risks according to the Taneka et al. tool
(LR ¼ TRS <19 [n ¼ 91]; HR ¼ TRS $19 [n ¼ 94]) and
Barbour et al. tool (LR ¼ IIGANN risk <35% [n¼90];
HR ¼ IIGANN risk$35% [n¼95]). Thirteen patients in
the LR group as defined by the Taneka et al. tool would
have been reclassified as HR using the Barbour et al.
tool and 12 patients in the HR group reclassified as LR.
The clinical, biochemical, and kidney histopathologic
characteristics for each group cohort are reported in
Supplementary Tables S5 to S10. When comparing HR
with LR as defined by the TRS of Tanaka et al., 4 of the
5 included parameters were significantly different be-
tween the groups apart from the M score. In addition,
there were significant differences in blood pressure,
hemoglobin, serum total protein, serum albumin,
serum uric acid, and frequency of E1 and GS lesions
between the risk groups. Both blood pressure and E1
lesions are in fact included in the Barbour et al. risk
prediction tool. Age at diagnosis—another parameter
included in the more recent tool—was not significantly
different between groups.
DISCUSSION

This is the first South Asian IgAN cohort with pro-
spective longitudinal design and protocolized follow-
up. Over the next 5 years, GRACE-IgANI will pro-
vide unrivalled potential to study biochemical path-
ways important in both development of IgAN and
disease progression in South Asians. We will use the
generated bioresource to perform discovery studies for
novel biomarkers that could refine prognostication in
South Asians and inform treatment decisions in IgAN.
A fundamental foundation for this work is a detailed
characterization of the GRACE-IgANI cohort.

Its noteworthy that young adults (29.5�8 vs.
36�10.02 years [whole cohort]) had significantly better
eGFR and lower proteinuria, signifying that IgAN
smolders subclinically for more than a decade before it
clinically manifests. Younger patients having better
prognosis has been reported in various studies.23,24

Consistent with European studies, male patients pre-
dominated (male-female, 2.4:1) in GRACE-IgANI,
Figure 5 (continued) prediction tool (Barbour et al.) and the 5-year risk of E
185 IgAN patients with complete MEST-C scores in the GRACE-IgANI cohor
5 years using the Tanaka et al. prediction tool had appreciable risk of prog
a 50% decline in eGFR rather than ESKD within 5 years. (c) We also calcul
using the International IgA Nephropathy Network (IIGANN) risk prediction
scores in the GRACE-IgANI cohort. Short term risk of progression in this

=
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which is distinct from East Asian cohorts that report
either equal incidence in males and females or even an
increased frequency in females.25–28 Similar to studies
reported from China, at presentation males had more
advanced disease with lower eGFR, more frequent
hypertension, and more fibrosis on kidney biopsy.26 A
meta-analysis of 25 studies in IgAN reported that male
gender was associated with a worse outcome.29 GRACE-
IgANI will allow us to determine if this is true of South
Asian males with longitudinal follow-up data.

Globally, asymptomatic urine abnormalities and
recurrent visible hematuria are the commonest pre-
sentations of IgAN.3 This is very different in GRACE-
IgANI. Visible hematuria and asymptomatic presenta-
tion following routine screening were far less common
than reported in other cohorts1,2,30 and, distinct from
reports in Caucasians, were not benign manifestations,
being commonly associated with hypertension and a
significant burden of glomerular and tubulointerstitial
fibrosis on kidney biopsy. We believe that asymp-
tomatic presentations may increase with universal tar-
geted screening. The majority of South Asian patients
presented with hypertension, with or without pedal
edema. Over recent years, it has become recognized
that there has been a shift in the countries with the
highest blood pressure levels, moving from high- to
low-income countries, particularly countries in South
Asia and sub-Saharan Africa.31,32 The average age of
hypertensives in India is 32�11.1 years in men and
30�9.8 years in women,33 and this has been attributed
to excessive daily salt consumption.34–36 This is strik-
ingly similar to our cohort though there was ethnic
preponderance from the south, central-east and north-
east parts of the country. It is sobering to acknowledge
that the vast majority of young hypertensives in South
Asia are not screened for underlying CKD. Introduction
of a simple screening test such as a urine dipstick for
hematuria and proteinuria in this population is likely
to be a cost-effective public health strategy.

It is reassuring that the lead time to kidney biopsy
from first presentation in GRACE-IgANI was short.
This is possible because of our center’s open referral
policy, short wait-times, and easy to access kidney
biopsy service. We believe that this streamlined service
has reduced the impact of lead-time bias in evaluation
of outcomes and improved the precision of description
of the natural history of IgAN before kidney biopsy in
SKD using the renal risk equation developed by Tanaka et al. for th
t. As would be expected a number of patients with no risk of ESKD a
ression using the IIGANN tool which likely represents those at risk o
ated the corresponding 2 year risk of a 50% decline in eGFR or ESKD
tool (Barbour et al.) in the 185 IgAN patients with complete MEST-C
incident cohort was high.

Kidney International Reports (2021) 6, 414–42
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GRACE-IgANI.37,38 Furthermore, evaluation of all kid-
ney biopsies in the same center, by the same 2 neph-
ropathologists has ensured consistency in reporting of
histomorphometry and immunostaining. A limitation
of GRACE-IgANI is that electron microscopy is not
routinely performed in our center.

The overwhelming impression from reviewing the
GRACE-IgANI kidney biopsy data is a disproportionate
absence of active glomerular lesions and over-
representation of segmental sclerosing lesions and
tubulointerstitial fibrosis at presentation, often coexis-
tent with relatively well-preserved eGFR and low levels
of proteinuria. This is in stark contrast to studies in
East Asian populations where the predominant features
at presentation are active glomerular lesions with little
background scarring.39,40 Previous kidney biopsy se-
ries from India have also reported advanced scarring in
the majority of IgAN patients at presentation but,
unlike these retrospective registry studies that were
confounded by differing referral and biopsy policies
and inclusion of patients with ESKD, GRACE-IgANI
recruited a large number of patients with preserved
kidney function and low-grade proteinuria.16,41 It is
important to acknowledge that the original cohorts
from which the MEST and MEST-C scores were
derived, and the subsequent large validation studies,
had very few patients of South Asian ethnicity. The
validity of each component of the MEST-C score has,
therefore, not formally been assessed in a South Asian
population. Although GRACE-IgANI was not designed
as a validation study, it is possible to draw comparisons
with other validation studies.

Two of the 3 glomerular lesions most associated with
active inflammation (mesangial hypercellularity and
crescents) were notably rare in GRACE-IgANI. The
possibilities for a M1 lesion in IgA-dominant glomer-
ulonephritis could also be due to a concomitant
glomerulonephritis such as (1) IgA-dominant infection-
related glomerulonephritis/resolving or healed post-
infectious glomerulonephritis, (2) proliferative
glomerulonephritis with monoclonal IgA deposits, or
(3) secondary IgA nephropathy. Our study by detailed
clinical correlation and serial close follow-up clearly
excluded the presence of an infectious etiology,
monoclonal gammopathy, or secondary coexistent
systemic disorders. A significant tubulointerstitial
scarring could alter the MEST-C M score due to
glomerular tuft atrophy/capillary wrinkling secondary
to pronounced low-flow ischemic changes. However,
all our scoring were made on unaffected/fully inflated
glomeruli, which did not show any signs of a vascular
injury. Markedly atrophic/ischemic glomeruli were
discounted from scoring in order to achieve accurate
MEST-C M and S scores. Crescentic IgAN (>50%
Kidney International Reports (2021) 6, 414–428
crescents) does exist,42 but most did not meet the in-
clusion criteria of this cohort because of low eGFR
(Supplementary Table S1). Consistent with studies from
Germany,43 France,44 and North America,45 we did not
observe any association between the M lesion and
baseline clinical characteristics in GRACE-IgANI and
may reflect the advanced chronic tubulointerstitial
damage and low frequency of M1 in this cohort. By
contrast, in the VALIGA cohort, a strong association
between the M1 lesion and proteinuria, MAP, and
eGFR46 was reported, which was replicated for pro-
teinuria and eGFR in a large Chinese and a smaller
Korean cohort.39,40 The only inflammatory glomerular
lesion seen in a significant proportion of GRACE-IgANI
was the E1 lesion, seen in 44% of evaluable biopsies.
Consistent with studies in Europe and China, E1 was
associated with the extent of proteinuria.39,43 Why the
E lesion is so common and crescents and mesangial cell
proliferation so uncommon in South Asians is currently
unclear. Future biochemical analysis of blood, urine,
and stored peripheral blood mononuclear cells along-
side more detailed molecular analysis of the kidney
biopsies will hopefully elucidate the underlying
mechanisms responsible.

Segmental glomerulosclerosis, global glomerulo-
sclerosis, and tubulointerstitial fibrosis were very
common in GRACE-IgANI. As in previous validation
studies, the S1 lesion correlated with proteinuria and
eGFR but not with MAP at presentation.39,43,46 We
noted a higher prevalence of nephrotic-range protein-
uria than the reported 5% to 10% in other studies.30,47

This was associated with significant segmental and
global glomerulosclerosis compared to the non-
nephrotic group, even at a higher eGFR. It has been
suggested there may be a podocytopathic variant of
IgAN marked by predominant podocyte injury,
segmental, and then global glomerulosclerosis and
associated with high levels of proteinuria.48–51 Podo-
cyte hypertrophy and tip variants have been described
in IgAN and associated with greater baseline protein-
uria.52 The lack of electron microscopy in GRACE-
IgANI does limit podocyte evaluation, but work is
currently ongoing to determine if podocyte injury is
more common in South Asians by scoring the pattern of
podocyte injury in line with the recent report by Bellur
et al.52

Perhaps most striking was that 79% of GRACE-
IgANI had T1/T2 lesions compared to only 21% in
VALIGA, 41% in the German, and 27% in the large
Chinese validation cohort.39,43,46,53 T2 lesions were rare
in VALIGA (3%), German (4%), and the Chinese
cohort (3.3%) but seen in 41% in GRACE-IgANI.39,43,46

As previously reported, T lesions were closely
associated with eGFR, MAP, and proteinuria in
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GRACE-IgANI.39,46,54 It is unclear why South Asians
should present with such advanced fibrotic lesions
apparently so early in their clinical course, and with
relatively preserved eGFR and low levels of protein-
uria. This may be a reflection of the postulated low
nephron number in South Asians, which results in an
increased risk of both hypertension and CKD due to
glomerular hyperfiltration and hypertrophy, with
intraglomerular hypertension resulting in further
nephron loss and reduced sodium excretory capacity.
Alternatively, there may be a specific fibrotic response
to mesangial IgA deposition in South Asians; our lab-
oratory studies will explore this possibility.

Baseline risk of progression was calculated for each
evaluable patient using 2 different risk prediction
scores. The predicted risk of progression in this South
Asian cohort was considerable and far greater than
reported in Caucasian55,56 and East Asian cohorts,57,58

with a 5-year absolute risk of ESKD of 19.8% (IQR
2.7–57.4) using the Tanaka et al.21 model and a median
5-year risk of progression to the combined endpoint of
50% decline in eGFR or ESKD of 35.5% using the
Barbour et al.22 model. It is worth noting that South
Asian patients were not included in the development or
validation of either model. There was reasonable
concordance between the models at low to medium
risk; however, the models appeared to diverge in pa-
tients with the highest risk of progression, with the
Barbour et al.22 model predicting a much lower risk of
progression than the Tanaka et al.21 model. Although
the GRACE-IgANI was not designed to formally vali-
date either risk prediction score, there is likely to be
sufficient events (50% decline in eGFR or ESKD) in this
cohort to establish which score is more suitable to
predict outcome in South Asians and potentially
identify additional South Asian–specific variables that
will improve prognostication in our patients.
Conclusions

This is the first prospective South Asian IgAN cohort
with protocolized follow-up and extensive biosample
collection. Baseline characteristics of the GRACE-IgANI
cohort confirm that South Asians with IgAN have a
more severe clinicopathologic presentation than both
Caucasians and East Asians. Unlike IgAN in East Asian
populations, IgAN is characterized by a very low fre-
quency of inflammatory glomerular lesions but exten-
sive glomerular segmental and global sclerosis and
tubulointerstitial fibrosis at diagnosis. The risk of
progression in South Asians is significantly higher than
that reported in East Asian and Caucasian populations.
Over the next 5 years, we will dissect the pathogenic
426
pathways that underlie this severe South Asian IgAN
phenotype.
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