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Abstract

Background: As the most common cause of glomerulonephritis worldwide, immunoglobulin A
nephropathy (IgAN) represents an important cause of kidney failure. Traditional epidemiologic
research and clinical trials have focused on the onset of kidney failure, or a profound decrease in
the estimated glomerular filtration rate (¢GFR), as a primary outcome. Over short follow up,
some patients with I[gAN may appear low risk, yet recent epidemiologic data suggest that few
avoid kidney failure in their lifetime. The rate of decline in eGFR (eGFR slope) over a 2-year
period has emerged as a surrogate endpoint in trials, and a method to identify high-risk patients
earlier. However, no tools currently exist to predict eGFR slope in patients with [gAN. We aimed
to develop and validate a prediction model for 2-year eGFR slope using clinical and pathological
data in patients with IgAN.

Methods: Adult patients with biopsy-proven IgAN from 2002 to 2021 were identified from the
Manitoba Glomerular Diseases Registry. Registry data were linked to demographic, laboratory,
physician claims, and drug dispensing data from the Manitoba Population Research Data
Repository. Mixed-effects linear regression models were fit to predict eGFR slope, with random
intercept and slope; candidate fixed effect covariates included time, age, sex, index eGFR,
proteinuria, the change in proteinuria and eGFR from biopsy to index, the time from nephrology
visit to biopsy, prescription of glucocorticoids, the presence of hypertension, presence of
diabetes, Oxford S, T, and C scores. Two-way interaction terms with time were tested for
proteinuria, index eGFR, glucocorticoid prescription, change in eGFR from biopsy to index, and
Oxford S, T, and C scores. Model performance was evaluated using marginal R?, conditional R?
and root mean squared error. Predictions were evaluated using calibration and Bland-Altman

plots. Internal validation was performed with 10-fold cross validation.
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Results: A total of 181 patients were included in the study cohort. The median age was 41 years
(interquartile range, IQR 31, 54). Included patients were high risk; median eGFR at biopsy was
58 mL/min/1.73 m? (IQR 35-86), while median proteinuria at biopsy was 1.73 g/day (IQR 1.06,
2.95). The “parsimonious model” including fixed effects for time, age, sex, index eGFR and
proteinuria, with two-way interaction terms for time with both index eGFR and proteinuria, as
well as random intercept and slope for each patient, was selected as the final model. In this
model, higher index proteinuria was significantly associated with faster eGFR decline (-1.47
mL/min/1.73 m?/year, SE 0.66, p = 0.009). Model fit was excellent, with conditional R? of 0.95.
In the development dataset, predictions were accurate, with 88% of predicted slopes within 1
mL/min/1.73 m?/year of the observed slope. However, marginal predictions were inaccurate and
poorly calibrated; only 11% of marginal predicted slopes were within 1 mL/min/1.73 m*/year of
the observed slope, with calibration slope 1.58 (95% confidence interval 0.71, 2.44). Cross-
validation revealed poor generalizability, with marked deterioration in conditional predictions,
while marginal predictions were more stable, but remained inaccurate.

Significance: Accurate prediction of eGFR slope could enable earlier risk stratification,
facilitating earlier and more personalized treatment decisions in IgAN. Our findings highlight
both the promise and the limitations of slope prediction; while models achieved excellent in-
sample accuracy, they relied heavily on patient-specific random effects for accuracy, a property
that does not generalize well to new patients. The results underscore the challenges of slope
prediction in a heterogeneous disease and suggest that larger, more homogeneous cohorts,
combined with models capable of estimating random effects using previously observed data, may

improve out-of-sample predictive performance.
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Introduction

Glomerulonephritis refers to a group of autoimmune kidney diseases characterized by
inflammation of the individual filtering units within the kidney called glomeruli. This process
leads to compromise of glomerular structure, followed by sclerosis and fibrosis, and ultimately
loss of functional kidney tissue. Immunoglobulin A nephropathy (IgAN) is the most common
primary glomerulonephritis worldwide, and leads to chronic kidney disease (CKD) and kidney
failure in a significant proportion of individuals'~. The diagnosis of IgAN is often prompted by
the presence of microscopic or gross (visible) blood in the urine (hematuria), protein in the urine
(proteinuria) or reduced kidney function, as measured by serum creatinine and the estimated
glomerular filtration rate (¢GFR)*. These findings are non-specific and can be signs of multiple
forms of kidney disease. Once hematuria, proteinuria, or reduced eGFR are discovered, a kidney
biopsy is typically performed to confirm the diagnosis of IgAN®.

Until recently, treatments for IgAN were scarce and were derived from low-quality
clinical trial data, focusing on kidney failure as a primary outcome, typically defined as the
receipt of maintenance dialysis or kidney transplantation. Although many patients with IgAN
have reduced eGFR at the time of diagnosis®’, it frequently takes years or decades before
patients progress to kidney failure, and achieve a primary outcome in a traditional trial. This
hampered the development of novel therapies and led to creation of a task force to explore more
proximal clinical trial endpoints®. The establishment of surrogate endpoints such as 9-month
change in proteinuria, and acceptance of 2-year eGFR slope as a validated surrogate endpoint by
the United States Food and Drug Administration (FDA)’, has facilitated trials with a
predetermined timeline that can be met much more quickly than a trial using kidney failure

(defined as eGFR <15 mL/min/1.73 m? or receipt of kidney replacement therapy) as a primary



outcome. A shorter timeline can reduce the cost to conduct an RCT. The result has been a
profound increase in the interest of both independent investigators and pharmaceutical
companies in conducting RCTs in this space and has led to regulatory approval for multiple new
therapies in the past five years.

Like randomized trials, most of the epidemiologic research to date in IgAN has focused
on kidney failure as a primary outcome and identification of patient factors that may influence
the outcome>>*!%!! From this research, more sophisticated prediction models have been derived
and validated for use in IgAN'2, as well as CKD more generally'®. However, these models use
50% decline in eGFR and kidney failure, respectively, as their predicted outcomes. In contrast to
the robust evidence base for predictors of kidney failure, there are relatively few studies that
have focused on predictors of 2-year eGFR slope, the outcome now used in most clinical trials in
IgAN. Furthermore, epidemiologic research focusing on outcomes such as kidney failure or
50% decline in eGFR may under-predict long-term risk if follow up is short>!4; studies
examining eGFR slope of participants with IgAN suggest that most patients will experience
kidney failure in their lifetime if that slope is extrapolated®. Therefore, a tool to predict eGFR
slope would be invaluable to identify patients who are likely to experience rapid eGFR decline
and should be considered as candidates for therapies to reduce the risk of kidney failure. The aim
of the present study was to identify the association of clinical and pathologic characteristics with
rate of eGFR decline (i.e., eGFR slope) over two years of follow up in a population-based adult

cohort diagnosed with biopsy-proven IgAN.



Literature Review

Glomerulonephritis is a nonspecific term to describe diseases characterized by
inflammation of the individual filtering unit of the kidney called the glomerulus'®. These diseases
frequently result from autoimmunity, where the immune system inadvertently targets or causes
damage to the kidney. Clinically, GNs typically present with microscopic hematuria and
proteinuria, followed by declining kidney function. The treatment for most GN involves
therapies that reduce the function of the immune system (immunosuppression)®. These
treatments vary in their specificity; some therapies non-specifically reduce function of the entire

1617 while others are highly targeted at a particular part of the immune

immune system
system!®!°. Frequently, non-specific therapies have more side effects due to “off-target” actions,
while targeted therapies tend to be better tolerated. Better understanding of disease pathogenesis
has accelerated efforts to develop new, more targeted treatments, while improvements in risk
stratification have facilitated more personalized therapeutic decision-making.

Chronic kidney disease is an irreversible abnormality of kidney structure or a reduction in
function lasting at least three months?°. Kidney function is typically measured using serum
creatinine, a highly available blood test to estimate the glomerular filtration rate (eGFR),
measured in millilitres per minute (mL/min), normalized to body surface area, measured in
square metres (m?). The stages of CKD are defined by five separate eGFR thresholds. Even
earlier identification of CKD is possible when eGFR is still normal, through the identification of
proteinuria, and more specifically albuminuria. This is measured via the urine protein-to-
creatinine ratio (PCR) or urine albumin-to-creatinine ratio (ACR), respectively.

Glomerulonephritis such as IgAN leads to CKD if untreated through damage to

glomeruli, eventually destroying functional kidney tissue?!. All forms of CKD, including that



caused by IgAN, share similar pathophysiology characterized by hyperfiltration of remaining
glomeruli, potentiating tubulointerstitial damage, fibrosis, and further loss of functional kidney
tissue, which clinically leads to kidney failure??. Kidney failure is a fatal complication of CKD.
To sustain life, kidney failure is treated with kidney replacement therapy, which includes dialysis
and kidney transplantation. Kidney failure, even when treated with kidney replacement therapy,
is associated with significant morbidity and mortality, and significant healthcare utilization and
cost>* 2%, Therefore, prevention of CKD and kidney failure is of paramount importance both for

patients with [gAN and healthcare systems.

Description and treatment of IgAN

IgAN is a complex autoimmune kidney disease. It is hypothesized the disease occurs
because of four pathogenic “hits” that ultimately lead to kidney inflammation, scarring, and loss
of function®. The inciting event in the development of IgAN is the formation of abnormally
glycosylated galactose-deficient immunoglobulin A1 (Gd-IgA1) molecules (Hit 1)*’; it is
hypothesized this takes place in the intestinal mucosa. The immune system subsequently
generates immunoglobulin G (IgG) or IgA molecules (also called antibodies) against Gd-IgA1
(Hit 2)*. These antibodies bind to form an immune complex (Hit 3), and these immune
complexes deposit in the mesangium of the glomerulus (Hit 4)*%*. Immune complex deposition
gives rise to mesangial cell activation, release of numerous inflammatory mediators (cytokines),
and activation of a component of the innate immune system called complement®’. This leads to
progressive inflammation, which damages the glomerulus, destroying functional tissue, leading
to CKD and ultimately kidney failure.

IgA nephropathy typically develops between the ages of 20 and 40 years and is more

common in males than females®**!. Approximately 30 to 50 people are diagnosed with IgA



nephropathy in Manitoba every year, and the number of biopsy-confirmed cases is increasing’.
The severity of disease is variable. Disease phenotypes include asymptomatic microscopic
hematuria, progressive proteinuric CKD, and rapidly progressive glomerulonephritis with kidney
failure; the vast majority of patients experience progressive proteinuric CKD?!.

Due to the complexity of the pathophysiology of the four-hit hypothesis, the
pathophysiology of CKD, and the lifelong nature of I[gAN, treatment strategies in I[gA
nephropathy focus on supportive therapies as well as medications that treat the immunologic
disease. Treatments that mitigate the phenomenon of glomerular hyperfiltration (also called
supportive therapy) include inhibitors of the renin-angiotensin system (RAASi) and sodium-
glucose cotransporter 2 inhibitors (SGLT2i1). Multiple RCTs have demonstrated the efficacy of
these therapies in reducing CKD progression among patients with [gAN3?%, Kidney Disease:
Improving Global Outcomes (KDIGO) is an international group responsible for the production of
clinical practice guidelines. The KDIGO 2021 Clinical Practice Guideline for the Management of
Glomerular Diseases recommended the prescription of maximally tolerated RAASI to target
proteinuria <1 g/day, with potential to consider immunosuppressive therapy in the form of
glucocorticoids if proteinuria remained >1 g/day’. Use of SGLT2i was not recommended, as
evidence for efficacy of SGLT2i in treating CKD due to IgAN has emerged since publication of
the KDIGO guidelines**~*’. In addition, available RCT evidence for use of glucocorticoids in
IgAN was equivocal when the guidelines were published***?. Since 2021, multiple RCTs have
demonstrated efficacy of glucocorticoids and other forms of immunosuppressive therapy in
reducing proteinuria, €GFR decline, and adverse kidney outcomes such as 50% decline in eGFR
or kidney failure!®*~#, These trials have all used consistent enrolment criteria; patients with

consistent proteinuria >1 g/day despite maximal RAASI are eligible, while those with proteinuria



below that threshold are excluded. This criterion is derived from epidemiologic research
suggesting a favourable prognosis for individuals below the 1 g/day threshold®*’*%. However,
newer data suggest that such patients remain at high lifetime risk of kidney failure if the eGFR
slope of these participants is extrapolated over several decades®®**2. Treatment to mitigate this
risk comes at a cost; trials of immunosuppressive therapy in IgAN have consistently
demonstrated an increase in adverse events with immunosuppression as compared to

19,41,43,45,46,

placebo 53 Therefore, accurate and comprehensive risk stratification is vital for

informing therapeutic decision-making in the clinic, as well as in designing clinical trials.

Surrogate outcomes in IgA nephropathy

The development of large, high-quality clinical trials in IgAN has been difficult, owing to
the relative rarity of the disease, and the long period of time typically required for the
development of outcomes such as doubling of serum creatinine, 40-50% reduction in eGFR, or
kidney failure (defined as eGFR <15 mL/min/1.73 m? or receipt of kidney replacement therapy).
These outcomes lead to expensive trials requiring long-term follow-up and necessitate enrolment
of only the highest risk patients to detect treatment effects on the clinical outcome. In addition, as
previously discussed, such outcomes may not identify therapies which may be efficacious for
individuals early in their disease course, who would not be expected to experience a 50% decline
in eGFR or kidney failure during a trial. Until recently, such outcomes were required by
regulatory agencies to prove efficacy of new therapies prior to regulatory approval. The US FDA
has created a pathway for accelerated approval of novel therapies for diseases considered life-
threatening through trials using validated surrogate endpoints®. A surrogate endpoint is a
substitute for a direct measure of how a patient feels, functions, or survives, that predicts the

direct measure>*. Proteinuria reduction is highly associated with a reduction in the risk of kidney



failure, and as a result is accepted by the FDA as a reasonable surrogate endpoint, though they
require a confirmatory trial using a validated surrogate endpoint, or an accepted clinical endpoint
(such as kidney failure). Difference in eGFR slope between treatment groups has been validated
as a surrogate endpoint for kidney failure in CKD trials, as well as trials in IgAN®.

Supportive therapies used to treat both CKD and IgAN may exert acute effects on eGFR
that differ from their long-term effects on eGFR. This raises the concern that simply using the
index and final eGFR measurements to compute slope may ignore the time-varying effect of a
treatment on eGFR slope®®*’. Several RCTs to examine the efficacy of RAASi and SGLT2i in
CKD have demonstrated acute reductions in eGFR followed by more gradual eGFR decline with
these therapies compared to placebo. Measuring eGFR slope from some time after randomization
(typically 3 months) to the end of follow up (typically 2-3 years) is chronic slope; this metric
ignores the acute effect of therapies on eGFR’. The outcome that includes both the acute
(typically randomization to 3 months) and chronic eGFR slope is total slope (Figure 1).

A recent meta-analysis found that the treatment effects of supportive therapies on total
slope were more strongly associated with treatment effects on the clinical endpoint of doubling
of serum creatinine, eGFR <15 mL/min/1.73 m?, or kidney failure with replacement therapy than
chronic slope’®. Further, for trials of medications that acutely lower eGFR, the US FDA
recommends using total slope instead of chronic slope, because total slope represents a more
conservative surrogate endpoint and is therefore at lower risk of a type I error in inferential
analyses’. It is now common in IgAN clinical trial design to employ a 9-month proteinuria
endpoint to gain provisional regulatory approval, followed by a confirmatory 2-year eGFR slope

endpoint to gain final approval (Figure 2).



Risk stratification of patients with [gAN

In Manitoba, a striking 45% of patients diagnosed with IgAN develop kidney failure after
a median of 6 years of follow up’. Owing to the variability in disease presentation, identifying
patient risk factors associated with disease progression and kidney failure is of critical
importance in selecting patients for aggressive treatment and/or enrolment in clinical trials.
Individuals at low risk of progression are unlikely to benefit from immunosuppression and may
be less likely to respond to therapy. Conversely, for those at high risk of progression, the benefits
of aggressive therapy and immunosuppression may outweigh the risk of side effects or toxicity
of treatment™.

Multiple factors influence the risk of developing kidney failure, including clinical factors
such as elevated blood pressure (hypertension), proteinuria, decreased eGFR, and ethnicity, as
well as pathologic features on kidney biopsy, such as inflammation and fibrosis, summarized by
the Oxford classification. Blood pressure at the time of kidney biopsy is associated with
progressive kidney disease and kidney failure*’-**-** In addition, uncontrolled hypertension over
time is also associated with the development of kidney failure®!:6465,

Proteinuria is one of the most consistent and potent predictors of kidney failure in
patients with IgAN, but as proteinuria is a continuous exposure that is modified by treatment,
how proteinuria is quantified is critical. Proteinuria at diagnosis is associated with kidney
failure*®0:62-64 Both immunosuppressive therapy and supportive therapy reduce
proteinuria®®*-%®, In addition, individuals who have elevated proteinuria at diagnosis who
achieve substantial reductions in proteinuria have a more favourable prognosis®, with increasing
duration of proteinuria reduction further reducing the risk of progression®’. Finally, proteinuria

over time has been demonstrated to explain more of the variability in outcome than proteinuria at



baseline!?, supporting the use of longitudinal data to evaluate the impact of proteinuria. Multiple
different metrics have been proposed to account for this time-dependence. The most frequently
used is time-averaged proteinuria, where all proteinuria values over the follow up period are
averaged. Time-averaged proteinuria >1 gram per day (g/d) has been associated with more
frequent development of kidney failure, while time-averaged proteinuria < 1g/d has been
associated with a good outcome in seminal epidemiologic research arising from the Toronto
Glomerulonephritis Registry? and other cohort studies*’-%®. Indeed, this has prompted the use of
sustained proteinuria >1 g/d despite treatment with RAASI as a clinical trial enrolment criterion.
Despite widespread acceptance, this threshold has been recently questioned, as multiple
observational cohort studies have identified high risk of progression even among individuals
with time-averaged proteinuria <1 g/d®*>1¢°. Furthermore, the use of time-averaged proteinuria
as a metric has been questioned for multiple reasons. First, the use of a future laboratory value to
predict an individual patient’s outcome is flawed because that value is unknown at the time of the
prediction. Second, at a given timepoint in clinical care, one does not have all the values to
calculate time-averaged proteinuria (as presumably, follow-up has not ended), which limits its
use in a clinical prediction model. In contrast, using time-varying proteinuria has been identified
as optimal, accounting for the greatest proportion of the variability in outcome, without the
methodologic concerns raised by time-averaged proteinuria'’. Studies using time-varying
proteinuria have typically shown a graded association, with increasing time-varying proteinuria
leading to increased risk of kidney failure, without a threshold effect®. An additional time-
invariant metric is the change in proteinuria over a given time period prior to the index date
(typically 9 months), which predicted future differences in eGFR slope in a meta-analysis of

randomized trials in IgAN.



While reduced eGFR has been consistently associated with a faster time to kidney

failure48,60762,70

, 1t 1s possible this association is simply a product of identifying patients who are
further along their trajectory toward kidney failure and will therefore achieve it faster in a time-
to-event model. A study from the Toronto Glomerulonephritis Registry identified no association
between baseline eGFR and annualized decline in creatinine clearance®. However, multiple
subsequent studies have confirmed the relationship between low eGFR and a steeper decline in
eGFR®%! supporting its role as a predictor of both kidney failure, as well as more rapid eGFR
decline.

There is substantial variability in the genetic risk, prevalence, clinical presentation, and
risk of progression in IgAN among different ethnic groups. IgAN is more common among
individuals with East Asian ancestry compared to white individuals’'. While some of the increase
in frequency may be explained by the presence of screening programs in East Asian countries’?,
genome-wide association studies (GWAS) have demonstrated that genetic risk alleles associated
with the development of IgAN are more common among Chinese than white patients’. Asian
patients with [gAN appear to experience more aggressive disease. A study from the Toronto
Glomerulonephritis Registry identified that patients of Asian ancestry with IgAN experience
more rapid progression to kidney failure than non-Asian patients despite the observation that
Asian patients were more frequently treated with RAASi and steroids and had better blood-

pressure control’*. Possible reasons for these differences include higher levels of Gd-IgA1

among Asians than non-Asians’®, and a more inflammatory phenotype in Asian patients’®.

Pathology features impacting risk of kidney failure and eGFR decline
Multiple early attempts were made to create pathology classes or scoring systems to

describe and prognosticate biopsy findings in IgA nephropathy’”-"8, These original classification
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systems were validated in small cohorts, suffered from issues with reproducibility among
pathologists, and provided questionable prognostic value when added to clinical risk factors”.
The Oxford classification, also called the MEST score, was initially developed and validated in
2008 to overcome issues with reproducibility, and to add prognostic value to clinical features®®8!.
The Oxford classification describes the presence or absence of mesangial hypercellularity (M,
scored 0 or 1), endocapillary hypercellularity (E, scored 0 or 1), segmental sclerosis (S, scored 0
or 1), and tubular atrophy and interstitial fibrosis (T, scored 0, 1, or 2). Some of these lesions
represent findings of inflammation in different glomerular compartments (M, E), while others
represent chronic scarring (S, T). In the initial cohort, M, S, and T lesions were found to
associate with the outcome of kidney failure, while E lesions were highly associated with
treatment with glucocorticoids. Further to this, the prescription of glucocorticoids was associated
with a reduced risk of kidney failure among those with an E lesion, thus justifying its inclusion in
the initial score. The largest validation cohort of the Oxford classification, the VALIGA study®’,
also did not find an association between endocapillary hypercellularity and kidney failure.
Similarly, the presence of M, S, and T lesions were all significantly associated with greater eGFR
decline (eGFR slope) on univariate analysis, while the E lesion was not. However, among
individuals with proteinuria <0.5 g/d, who ordinarily would be excluded from clinical trials, the
presence of an E lesion was associated with both the development of an increase in proteinuria to
> 1g/d and >2 g/d, as well as more pronounced eGFR decline®. Finally, the impact of pathology
lesions on kidney failure may be modified by prescribing immunosuppression/glucocorticoids.
The VALIGA cohort study demonstrated that the predictive value of the MEST score was
reduced among individuals who received immunosuppression®®, while additional analysis

demonstrated that the benefit of glucocorticoid prescription on reducing eGFR decline was
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greater among individuals with M, E, S, and T lesions, as compared to those without those
lesions®?. As a result, all four of the lesions have been included in the scoring system to inform
prognosis, and possibly likelihood of response to immunosuppression, though the latter remains
unproven. In fact, in the TESTING trial evaluating the efficacy of glucocorticoids in IgAN, the
investigators stratified randomization on the presence or absence of the E1 lesion; there was no
evidence of effect modification by baseline histology*’. An additional inflammatory lesion, the
presence of glomerular crescents, was not found to be predictive of outcome in multiple early
cohort studies including the original Oxford cohort®*®. Subsequent studies, including a pooled
cohort of over 3000 patients that included individuals with the most severe kidney dysfunction
(eGFR <30 mL/min per 1.73m?) who were excluded from the original Oxford cohort, did find an
association between crescents and eGFR decline, as well as kidney failure®>*®. Like other lesions
in the Oxford classification, the impact of crescents on eGFR decline and outcome was
confounded by the prescription of immunosuppression®’, and based upon these findings, an
expansion of the MEST score to include crescents (C, scored 0, 1, or 2), now called MEST-C,
was proposed and adopted®’. The details of the Oxford classification are presented in

Supplementary Table 6.

While the Oxford classification is informative for prognosis and the likelihood of
treatment response, there are limitations. A 2023 systematic review identified moderate or poor
reproducibility in reporting of the classification system®. Additionally, the use of a binary
indicator for the E lesion does not account for whether the endocapillary hypercellularity is mild
or severe. Attempts to quantify the degree of endocapillary hypercellularity using
immunohistochemistry (IHC) techniques have improved the ability to identify those with an E

lesion versus those without, and may assist in identifying immunosuppressive therapy response
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and non-response®. However, IHC is not universally performed, and the Oxford (MEST-C)
classification remains the dominant pathologic scoring system used in IgAN for predicting
kidney failure risk. Despite this utility, pathology findings are not currently part of clinical trial
enrolment criteria, and in many trials, patients have not been biopsied for many years prior to
randomization®>*°. Using the original biopsy findings as enrolment criteria may introduce
misclassification, as it is possible that the pathological findings that may have been observed if a
kidney biopsy had been repeated at the time of randomization would be substantially different

than those observed at the time of the original biopsy.

Combining clinical and pathologic data to quantify risk in IgA nephropathy

Accurately predicting the risk of kidney failure is key to identifying patients in whom the
risks of immunosuppression are outweighed by the benefits of preventing progressive kidney
disease, as well as those at low risk of disease progression, where the risks of
immunosuppression may not be worth the potential benefits. Attempts to quantify risk include
the Kidney Failure Risk Equation (KFRE)'?, which has been validated in CKD cohorts, and the
International IgAN Prediction Tool'?, developed and validated in cohorts of patients with I[gAN.
The KFRE predicts the probability of kidney failure at 2- and 5-year time horizons, using the
clinical variables age, sex, eGFR, and urine albumin-to-creatinine ratio (ACR). The Prediction
Tool predicts the probability of a 50% decline in eGFR or kidney failure at a time horizon
selected by the clinician, using a combination of clinical risk factors, including eGFR, 24-hour
urine protein, blood pressure, age, ethnicity, prescription of RAASi and immunosuppression, as
well as the individual components of the MEST score. While these tools are highly useful, a 50%
decline in eGFR or kidney failure is an event that may take years to develop, and as a result, the

Prediction Tool and the KFRE may not capture the long-term or lifetime risk of a patient early in
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their disease course. Recent data suggest that, of patients with time-averaged proteinuria <1 g/d,
and even <0.5 g/d, extrapolating their eGFR slope over decades would indicate that few patients
with IgAN avoid kidney failure in their lifetime®. Therefore, models to predict eGFR slope may
assist in identifying patients with high lifetime kidney failure risk, even if short-term (i.e 5-year)
risk is low. In addition, given recent changes in clinical trial design, identifying patients at risk of
rapid eGFR decline who may be under-recognized by a clinical outcome has implications in
selecting patients for trial enrolment.
Summary

Most epidemiologic research confirms a strong association between the clinical risk
factors of baseline eGFR, proteinuria, ethnicity, and blood pressure with the outcome of kidney
failure. The Oxford classification also aids in stratifying the risk of kidney failure. The
International IgA Nephropathy Prediction Tool combines these clinical and pathological risk
factors to predict a 50% decline in eGFR or kidney failure. Prediction of eGFR slope for an
individual patient may provide more proximal risk stratification, especially for individuals with

preserved eGFR at baseline.

Research Purpose, Objectives, Questions, and Hypotheses

Research purpose and objectives
The research purpose was to accurately predict 2-year eGFR slope among patients with
biopsy-proven IgA nephropathy. The objectives were to:
1. Develop a prediction model for 2-year eGFR slope in IgA nephropathy using clinical and
pathological data, and

2. Internally validate the prediction model for 2-year eGFR slope.
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Research questions
1. Among adults with IgAN, can baseline eGFR, proteinuria, and Oxford classification
predict 2-year eGFR slope?
2. Can a model that includes these covariates result in accurate predictions of 2-year eGFR
slope?
Hypothesis
1. Baseline eGFR, proteinuria, and Oxford classification at one year post-biopsy will

accurately predict 2-year eGFR slope.

Methods

Study design and data sources

We conducted a population-based, retrospective cohort study of patients with IgA
nephropathy captured in the Manitoba Glomerular Diseases Registry. This Registry includes all
patients aged 18 years or older who have undergone a native (i.e., not transplant) kidney biopsy
as a part of routine clinical care in Manitoba’. Kidney biopsies are interpreted by provincial
pathologists with specialty training in kidney pathology, which in concert with clinical data
results in a diagnosis. All patients identified as having a glomerular disease such as IgAN are
included in the Registry.

The Registry data are linkable to clinical and administrative data in the Population
Research Data Repository housed in the Manitoba Centre for Health Policy (MCHP) using a
unique scrambled personal health identification number (PHIN)?!. The pathology registry housed
within the Manitoba Glomerular Diseases Registry (Supplementary Table 1) were linked to the

following databases within the MCHP (see also Supplementary Table 2):

15



1. Shared Health Diagnostic Services of Manitoba (SHDS): to access laboratory (blood and
urine) data.

2. Manitoba Health Insurance Registry: to access information about patient demographics,
health insurance coverage, and all-cause death (i.e., loss of health insurance coverage due
to death).

3. Medical Claims/Medical Services: to access information on healthcare utilization, in
particular outpatient physician visits; these visit records contain billing codes for dialysis
and kidney transplantation.

4. Drug Program Information Network (DPIN): to access information on prescription drug

use, in particular RAASI and glucocorticoid use.

Study population

Participants were eligible for inclusion if they underwent a kidney biopsy from January 1,
2002 to December 31, 2020. Participants with a diagnosis other than IgA nephropathy were
excluded. Participants who were under age 18 years on the date of kidney biopsy, and who could
not be linked to the Manitoba Health Insurance Registry were excluded; the latter was
determined if the sex of a participant could not be identified. Participants with a diagnosis of IgA
vasculitis based upon the clinical history provided at the time of the kidney biopsy, which was
adjudicated at the time the registry was created based on the clinical history in the kidney biopsy
report, were excluded. The date of cohort entry was the date of the kidney biopsy. Individuals
who reached kidney failure within one year of cohort entry were excluded, and kidney failure
was defined as the receipt of dialysis or kidney transplantation during the follow up period,
identified using physician billing codes for dialysis and transplantation (Supplementary Table 3).

Individuals with less than three years (1095 days) of follow up from cohort entry, or less than
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three eGFR measurements over that follow up, were excluded; the latter criterion amended the
statistical analysis plan after it was observed that individuals with two measurements frequently
had extremely discordant measurements over a short term period (e.g €GFR 30 mL/min/1.73 m?
followed by eGFR 80 mL/min/1.73 m? 10 days later) with no other measurement, risking
instability of slope estimates in the prediction model if such cases were included. The participant
flow chart with inclusion and exclusion criteria is provided in Figure 1.

The index date was 365 days following the kidney biopsy. The end of follow-up was 730 days
following the index date (1095 days after cohort entry), or the development of kidney failure.
Individuals were censored if they died, migrated out of the province, lost provincial health
coverage, or reached the study end date (December 31, 2023). The study design is summarized in

Figure 3.

Covariate definitions

The covariates, their level of measurement, and their data sources are summarized in
Supplementary Table 5. Age at index date was obtained from the date of birth and the date of the
kidney biopsy, plus one year. Sex (male/female), defined at index date, was obtained from the
Manitoba Health Insurance Registry data. The cohort entry eGFR was the closest eGFR to the
kidney biopsy, and was calculated from serum creatinine measurements, using the CKD-EPI
2021 equation®?. Values up to 90 days prior to, or 90 days after the kidney biopsy were
considered. If no eGFR measurement was available in that period, the cohort entry eGFR was
defined as missing. Cohort entry proteinuria was the closest 24-hour urine protein measurement,
in grams per day (g/day) to the kidney biopsy. Values as early as 90 days prior to, and 90 days
after the kidney biopsy were considered. When only spot urine protein-to-creatinine ratio (PCR)

is available, it was converted to a 24-hour measurement using the method described by Hogan®>.
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When only urine albumin-to-creatinine ratio (ACR) was available, the value was converted to
PCR using a factor of 1.37°4%, followed by a conversion to the 24-hour value. If no urine protein
measurement was available within 90 days of biopsy, the cohort entry proteinuria was considered
missing.
Time to kidney biopsy was measured in days, from the first nephrology contact to kidney biopsy,
with first nephrology contact identified using physician billing codes arising from billing bloc
016 (Supplementary Table 3). The time from renal abnormality to biopsy was measured in days,
from the first instance of urine protein >0.5 g/day or eGFR <60 mL/min/1.73 m? to kidney
biopsy. The index eGFR was calculated as the eGFR measurement most proximal to, but not
exceeding the index date. Values up to 120 days prior to the index date were considered. The
index proteinuria was calculated as the 24-hour urine measurement most proximal to, but not
exceeding the index date. Values up to 120 days prior to the index date were considered. When
only spot urine PCR or ACR was available, conversion to 24-hour values was performed as
described above. The change in proteinuria was assessed in three ways: 1) As an absolute
change, calculated as the absolute difference between the index proteinuria and cohort entry
proteinuria; 2) As a relative change, calculated as the ratio of index proteinuria to cohort entry
proteinuria; and 3) As a qualitative indicator with three categories: stable (<30% reduction or
increase from cohort entry proteinuria), improving (>30% reduction from cohort entry),
worsening (>30% increase from cohort entry).

Treatment with corticosteroids, or renin-angiotensin system inhibitors (RAASi) were
binary covariates, and defined as a minimum 30-day prescription for eligible medications under
the Anatomic Therapeutic Chemical system’® between the date of biopsy and the index date

(Supplementary Table 4). The presence/absence of hypertension or diabetes were binary
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covariates (present/absent), and obtained from Canadian Chronic Disease Surveillance System
definitions®’, which employ International Classification of Diseases (ICD) version 9 and 10
codes (Supplementary Table 3).

The Oxford classification was captured (Supplementary Table 6). As the Oxford
classification was only reported for biopsies performed from 2016 onward, categorical variables
were created for Oxford S, Oxford T and Oxford C using the raw pathology data within the
registry. These variables were defined using the same criteria as the Oxford classification. Due to
a low number of patients with >25% crescents on pathology (i.e., C2), the Oxford C lesion was

considered binary, with >0% crescents being assigned a value of C1.

Outcome

The primary outcome was the estimated 2-year eGFR slope, as measured in mL/min/1.73
m2/year. The slope was the annualized linear rate of decline in eGFR from the index date to the
last day of follow up.

Statistical analysis

Descriptive statistics

The cohort was described using median and interquartile range (IQR) for continuous
variables, and percentages for categorical variables. Descriptive statistics were reported for the
overall cohort, as well as stratified by: era (2002 to 2009, 2010 to 2015, 2016 to 2021; Table 1),
sex (Table 2), those who achieve kidney failure versus those who do not (Table 3), baseline CKD
stage (eGFR >90, eGFR 60 to 90, eGFR 30-60, eGFR 15-30; Table 4), location of residence

(Winnipeg, non-Winnipeg; Table 5), and socioeconomic status at cohort entry (Table 6).
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Covariate distributions

Histograms were used to assess the distribution of continuous covariates, as well as
boxplots to investigate potential outliers. Outliers were assessed for the possibility of a clerical
error (i.e., age of 130 years) but were otherwise not removed. Continuous covariates were mean-
centred. Frequency tables were used to examine the distribution of categorical variables.
Histograms were used to plot the distribution of the number of eGFR measurements and urine
protein measurements per participant. Potential associations between predictors and the number
of measurements were assessed using a Spearman correlation matrix.
Missing data

For non-laboratory covariates, there were no missing values. The prevalence of missing
values for cohort entry proteinuria, cohort entry eGFR, index proteinuria, and index eGFR was
>10%; therefore, pattern analysis was performed to compare covariate distributions across
different patterns of missingness, and to explore whether missingness may be related to observed
patient factors. This process began with a frequency table to describe the proportion of missing
values for each covariate, both for the whole cohort, and stratified by era (2002 to 2009, 2010 to
2015, 2016 to 2021), sex, and CKD stage at diagnosis (€GFR >90, eGFR 60 to 90, eGFR 30-60,
eGFR 15-30). Missingness was then also displayed graphically to look for potential patterns;
laboratory values were often missing together. Little’s MCAR test, a chi-square test that tests
whether the pattern of missing data depends on observed data’®, was performed and did not
support MCAR. Associations between covariates and missingness were then assessed visually.
Missing laboratory values appeared more common among patients from era 1 and era 3.

Five imputed datasets were then created by multiple imputation by chained equations®.

The candidate predictors in Supplementary Table 5 were used as covariates in the imputation
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model, as well as the era of diagnosis. To confirm that the imputation model was well specified,
the distribution of continuous covariates in the imputed datasets was compared to the complete
case dataset using density plots, and was found to be acceptable. The density plots are found in
Figure 2a and 2b. We compared models fit to the multiply imputed datasets with models fit to
complete cases. The fixed effect estimates from imputed-data models differed substantially from
those in complete case models, indicating sensitivity of estimates to imputation assumptions.
Models fit to multiple imputed datasets consistently showed inferior performance, with lower
marginal and conditional R?, higher root mean squared error, poorer calibration, and worse
agreement on Bland-Altman analysis. Accordingly, complete cases were used for the primary
analysis.
Model building

The following variables were considered for inclusion in the multivariable prediction
model: age, sex, index proteinuria, delta-proteinuria, time to biopsy, index eGFR, delta-eGFR,
treatment with glucocorticoids between biopsy and the index date, treatment with RAASI
between biopsy and the index date, hypertension diagnosis, diabetes diagnosis, the presence of
an Oxford M lesion, E lesion, S lesion, T lesion, and C lesion. Variable selection began by
estimating correlation matrices for the candidate predictors, using the Spearman correlation for
continuous and normally distributed predictors and the tetrachoric correlation for binary
variables. The use of RAASi between biopsy and index was highly prevalent and therefore not
included as a covariate. The delta-proteinuria covariates were highly correlated. For models
including delta-proteinuria, model fit was assessed for models including absolute change,

relative change, and a categorical indicator of improving/worsening/stable. Model fit and
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performance metrics were best for absolute change, therefore the other measures of delta-
proteinuria were discarded.

The population average eGFR slope was modeled using a fixed-effects linear regression
model with time as the sole predictor. A random intercept was then added to the model, with
assessment of the intraclass correlation coefficient to evaluate the proportion of the overall
variability in index eGFR that is attributable to between-patient variation. A random slope was
then added to account for between-patient variability in the rate of change in eGFR over time.
Four multivariable models were then built, each with random intercept and random slope; they
are summarized in Supplementary Table 7. The parsimonious model included time, age, sex,
index eGFR and index proteinuria, along with two-way interactions between time and both index
eGFR and index proteinuria. This structure mirrored the KFRE and was chosen to reflect a
minimal set of routinely available clinical variables likely to be accessible at the time of
prediction. The treatment and trajectory model added changes in eGFR and proteinuria from
biopsy to index, as well as glucocorticoid use, to assess the extent to which pre-index disease
behavior and early treatment response influence subsequent decline. The full clinical model
further included hypertension and diabetes, two established risk factors for CKD progression, to
test whether broader comorbidity adjustment improved model performance. Finally, the full
clinicopathologic model incorporated the available Oxford classification features to evaluate
whether histopathologic information provided incremental predictive value beyond clinical
covariates. Pathology variables were limited to this final model to reflect real-world scenarios
where biopsy tissue may be unavailable, inadequate for Oxford classification, or interpreted
without access to expert renal pathology, thereby increasing the clinical applicability of the

earlier models.
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The variance-covariance matrix for the random effects was unstructured. Residual plots
were examined to validate assumptions of normality of residuals, linearity, and
homoscedasticity; assumptions appeared reasonable.

The models were compared using the Akaike Information Criterion'? and Bayesian Information

101 R2102

Criterion'®!. Model fit was assessed using marginal R? and conditional

As specified, the dependent variable was eGFR, for an individual at a given time,
expressed in years. Each individual’s predicted eGFR slope (in mL/min/1.73 m?/year) was
estimated as a linear combination of: the fixed effect of time, the fixed effect coefficients for all
time-covariate interaction terms multiplied by that individual’s covariate values, and the patient’s
random slope (obtained from the empirical Bayes estimate). We reported conditional (subject-
specific) slopes, which included the random slope, and marginal (population-average) slopes,
which set random effects to zero. An observed slope was also calculated for each patient using a
linear model, with eGFR as the dependent variable and time as the predictor variable.

Observed and predicted slope estimates were compared using root mean squared error
(RMSE), which represents the average magnitude of prediction error between observed and
predicted eGFR slope!®. Accuracy of predictions was assessed visually using calibration plots.
Calibration slopes were calculated from a linear regression model of observed eGFR slope on

104 Wwhich assess

predicted eGFR slope. Precision was evaluated using Bland—Altman plots
agreement between observed and predicted eGFR slopes. For each patient, the mean of the
observed and predicted slopes was plotted on the x-axis, and their difference on the y-axis. The
plot allows visualization of systematic bias (points consistently above or below zero) and

precision, reflected by the spread of differences within the 95% limits of agreement. For each

model, the proportion of predictions within 1 mL/min/1.73 m?/year was also reported.
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Internal validation

The model with the best performance metrics was the parsimonious model, which was
thus selected to undergo internal validation, using 10-fold cross validation'®®. The full dataset
was randomly partitioned into 10 approximately equal-sized, mutually exclusive folds.
Partitioning occurred at the patient level to ensure that all observations for a given patient were
contained within a single fold. The partitioning process used a fixed random seed for
reproducibility. The training set consisted of 9 folds, and the test set was the remaining fold. The
parsimonious model was re-fit using only the training set, and included the same fixed and
random effects structure as the parsimonious model fitted on the full dataset. The re-fitted model
was used to generate predictions on the test set. Root mean squared error, marginal R?,
conditional R?, and calibration slopes were calculated. This process was repeated 10 times, and
the model performance metrics were pooled, with reporting of the mean and standard deviation
of each metric (the cross-validated model performance). The degree of optimism for each metric
was calculated, by subtracting the mean cross-validated performance the value of the metric
calculated from the full dataset (apparent performance).
Sensitivity analysis
Several sensitivity analyses were performed.

e Each of the four models were re-fit with a variance component variance-covariance
structure, and the standard errors of the effect estimates were compared.
e The models were re-fit with the index date set at 180 days. For this analysis, index eGFR
and index proteinuria were the closest value prior to the index date, not exceeding 90
days from the index date. The performance and fit of each model were compared to the

models using one-year post biopsy as the index date.
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Results

Cohort characteristics

Between January 1, 2002 and December 31, 2020, we identified 458 individuals with
IgAN in the Manitoba Glomerular Diseases Registry. Of those, 90 (19.7%) reached kidney
failure within 1 year, 47 (10.3%) were followed for less than 3 years, and 140 (30.6%) had less
than 3 eGFR measurements over the follow up period, leaving 181 patients in the final cohort
(Figure 4). The baseline characteristics of the patients with two eGFR measurements are
displayed in Supplementary Table 14. Patients with two measurements were more frequently
male, more often from Winnipeg, with lower eGFR at both cohort entry and index.

The baseline characteristics of the overall cohort, and the cohort by era are summarized
in Table 1. The number of patients diagnosed with IgAN increased over time, with 36 patients
between 2002 and 2008 (Era 1), 55 between 2009 and 2014 (Era 2), and 90 between 2015 and
2020 (Era 3). The median age of the cohort was 41 years (IQR 31-54), with no substantial
differences between eras. The majority were male (n = 101, 56%), and this percentage was stable
between eras. Residence within Winnipeg decreased over time; 75% of patients diagnosed in Era
1 resided in Winnipeg compared to 53% of patients diagnosed in Era 3. Patients within the
lowest income quintile were over-represented, with 34% of patients belonging to income quintile
1, compared to just 9.4% in quintile 5; this was stable across eras.

eGFR at cohort entry (median 67 mL/min/1.73 m?, IQR 30-98) and index (median 66
mL/min/1.73 m?, IQR 40-87) was highest among patients diagnosed in Era 1. Proteinuria at
cohort entry was similar between eras; the median proteinuria at cohort entry for the overall

cohort was 1.73 g/day (IQR 1.06-2.95), indicating a high-risk population. Patients in Era 1 had
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lower median proteinuria at index (median 0.70 g/day, IQR 0.35-2.22) compared to Era 2
(median 1.08, IQR 0.47-2.00) or Era 3 (median 1.61 (IQR 0.60-2.56).

A total of 31 individuals (17%) had diabetes, while 83 (46%) had hypertension. A total of
160 patients (88%) were treated with RAASI, while 46 (25%) were treated with glucocorticoids.
The prevalence of RAASI treatment remained consistent across eras, whereas glucocorticoid use
was highest in Era 1 (33%, 12 patients) compared with 29% (16 patients) in Era 2 and 20% (18
patients) in Era 3. As expected, Oxford classification was not available for patients diagnosed
prior to 2016, but the S, T, and C lesions could be recreated from registry data for all patients.
The majority of patients had an S lesion (131 patients, 72%). The prevalence of IFTA increased
across eras: in Era 1, 69% of patients had TO and none had T2, compared with 13% with T2 in
Era 2 and 26% in Era 3. Conversely, crescents were more common in Era 1: 42% of patients had
crescents in Era 1, compared to 29% in Era 2 and 20% in Era 3. Kidney failure occurred in 33
individuals (18%), while 26 (14%) died. Death and kidney failure were most common in Era 1,
perhaps reflecting the longer period of follow up.

When examining the cohort by sex (Table 2), 33 female patients (41%) belonged to the
lowest income quintile, compared to 29 (29%) of male patients. Female patients had higher
proteinuria than males at both cohort entry (median 1.92 g/day, IQR 1.26-3.44 versus 1.56 g/day
IQR 0.97-2.67) and index (1.56 g/day, IQR 0.60-2.94 versus 1.08 g/day, IQR 0.50-1.94).
Diabetes was more common among females (21%) than males (14%). Treatment, pathology
characteristics, and outcomes were otherwise similar between males and females.

Patients who progressed to kidney failure were more often in the lowest income quintile
(52% vs. 30% among non-progressors) and had substantially lower eGFR at both cohort entry

(median 34 mL/min/1.73 m?, IQR 23—46 vs. 64 mL/min/1.73 m?, IQR 42-91) and index (17
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mL/min/1.73 m?, IQR 11-29 vs. 61 mL/min/1.73 m?, IQR 40-86). Glucocorticoid use was more
frequent among progressors (36%, 12 patients) compared with non-progressors (23%, 34
patients), whereas RAASi use was less common (79%, 26 patients vs. 91%, 134 patients).
Advanced IFTA (T2) was also more prevalent among progressors (36%, 12 patients) than non-
progressors (12%, 18 patients). The cohort characteristics by kidney failure status are
summarized in Table 3.

Patients with more advanced CKD at cohort entry were older (median 57 years, IQR 43-
64 for CKD 4 versus median 29, IQR 23-37 for CKD 1). The time from nephrology consultation
to biopsy was shortest for those with CKD 4 (median 23 days, IQR 6-119) and longest for those
with CKD 1 (median 98 days, IQR 27-354). The prevalence of hypertension increased with
worsening CKD stage, from 27% in CKD 1 to 35% in CKD 2, 60% in CKD 3, and 73% in CKD
4. RAASI use was consistently high across CKD 1-3 (89-95%) and glucocorticoid use remained
similar (20-24%), whereas in CKD 4 glucocorticoid prescription was more frequent (50%) and
RAASI use less common (73%). The presence of T1 and T2 lesions increased with worsening
CKD stage, while the presence of crescents was approximately similar across stages. Table 4
summarizes the baseline characteristics by CKD stage at cohort entry.

Patients living outside of Winnipeg were more often in the lowest income quintile (32
patients, 44%) compared to those living in Winnipeg (30 patients, 28%). The clinical, treatment,
and pathology characteristics were otherwise similar by residence (Table 5). However, mortality
was higher among rural patients (21%, 15 patients) than among those in Winnipeg (10%, 11
patients).

Patients in the highest income quintile had the lowest eGFR at cohort entry (median 43

mL/min/1.73 m?, IQR 33-62) and index (median 41 mL/min/1.73 m?, IQR 32-77). No clear
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income related trends were observed in the baseline, treatment, or pathology characteristics
(Table 6). Kidney failure occurred most frequently in income quintiles 1 (27%), and 5 (24%).
Missing data

Of the 181 patients in the final cohort, 47 (26%) had one or more missing data values.
eGFR at cohort entry was missing in 13 individuals (7.2%) and proteinuria at cohort entry in 14
(7.7%). At index, eGFR and proteinuria were missing in 26 (14%) and 33 (18%), respectively.
Missingness was most pronounced in Era 1 (Table 1). In Era 3, missing cohort entry values were
rare, but index eGFR and proteinuria were missing in 17% and 20%, respectively; missingness
was less common in Era 2. Missing data were more frequent in females than males, but were not
clearly associated with kidney failure status (Table 3), location of residence (Table 4), or
socioeconomic status (Table 5). Patients missing index values were almost always missing both
eGFR and proteinuria. As missingness appeared related to era and sex, multiple imputation was
performed using all candidate covariates in the imputation model. Density plots (Figures 5, 6)
comparing imputed and observed distributions demonstrated close alignment, supporting that the
imputation model was well-specified. The performance characteristics of models using imputed
data were inferior to those using complete cases, therefore complete cases were used for the main
analysis. The baseline characteristics of complete cases are found in Supplementary Tables 8

through 13.
Regression models

Model coefficients and performance
Four mixed-effects linear regression models for eGFR were fit using complete cases; the
coefficients, standard errors (SEs), and model performance characteristics for each model are

found in Tables 7-10.
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Parsimonious model

The parsimonious model included time, index eGFR, index proteinuria, age, sex, and
interaction terms for index eGFR and proteinuria with time. The marginal intercept was 54.67
(SE 1.71, p <0.001), indicating that for a male patient with age, index eGFR, and index
proteinuria measurements equal to the population average, the expected eGFR at index would be
approximately 54 mL/min/1.73 m?. Age was associated with lower eGFR (-0.096, SE 0.040, p =
0.018). The interaction term between index proteinuria and time was statistically significant (-
1.47 mL/min/1.73 m*/year for each 1 g/day above the population mean, SE 0.66, p <0.001),
suggesting increasing proteinuria was associated with an accelerated rate of eGFR decline. The
interaction term between eGFR and time was not significant, suggesting no relationship between
the initial eGFR and the subsequent rate of change. Model performance was excellent, with

marginal R? 0.81, conditional R? 0.95, and RMSE 7.25.

Treatment and trajectory model

This model added change in proteinuria, change in eGFR, time to biopsy, and
glucocorticoid exposure, with a two-way interaction term between glucocorticoid exposure and
time. The marginal intercept was 53.63 (SE 1.85, p <0.001). The coefficient for time to kidney
biopsy was statistically significant (0.0016, SE 0.00075, p = 0.030). However, the magnitude of
the coefficient suggests a clinically negligible effect of time to biopsy on initial eGFR. The
interaction term between index proteinuria and time remained statistically significant in this
model (-1.72 mL/min/1.73 m*/year for each 1 g/day above the population mean, SE 0.72, p =
0.016). Conversely, the interaction term between glucocorticoid prescription and time was not
significant, suggesting no modification of eGFR slope with glucocorticoid prescription in this

model. Model performance was unchanged, with marginal R? 0.81, conditional R? 0.95, and
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RMSE 7.31, indicating that added covariates did not account for additional between-patient or
within-patient variability beyond that captured by the parsimonious model. A slight improvement
in model fit was observed compared to the parsimonious model (AIC 145082 vs 145534, BIC

145217 vs 145629).

Full clinical model

This model added the presence of hypertension and diabetes to the model, along with an
interaction term between the change in eGFR and time. The marginal intercept was 52.9 (SE
2.00, p <0.001), while the marginal effect of time was -5.29 mL/min/1.73 m*/year (SE 1.42, p
<0.001). Duration of time to biopsy was again statistically significantly associated with initial
eGFR (0.0018, SE 0.00077, p =0.021). The interaction term between proteinuria and time
remained statistically significant (-1.92 mL/min/1.73 m?/year for each 1 g/day above the
population mean, SE 0.74, p = 0.009). All other interaction terms were not significant. Model
performance was unchanged from previous models, with marginal R? 0.80, conditional R? 0.95,
and RMSE 7.31. No improvement in model fit was noted between the treatment and trajectory

model and the full clinical model (AIC 145082 vs 145084, BIC 145217 vs 145243).

Full clinicopathologic model

The addition of pathology characteristics resulted in substantial changes in some effect
estimates. The marginal intercept was 51.38 (SE 2.53, p <0.001), while the marginal effect of
time was no longer significant (B -1.66, SE 2.41, p = 0.491). The interaction between proteinuria
and time remained significant with a similar magnitude to the prior models (-1.78 mL/min/1.73
m?/year for each 1 g/day above the population mean, SE 0.74, p = 0.016). The interaction
between crescents and proteinuria was statistically significant (-4.61 mL/min/1.73 m?/year, SE

2.32, p=0.047), suggesting the presence of crescents was associated with a significantly faster
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rate of eGFR decline. Other interactions between pathology characteristics, such as S and T
lesions, and time had negative coefticients but did not reach statistical significance. Model
performance and fit were not significantly different from the parsimonious model, or any of the

other models (marginal R? 0.80, conditional R? 0.95, RMSE 7.31, AIC 145063 and BIC 145286).

Model coefficients by era

To examine for possible era effects in model results, two models were re-fit after
partitioning the datasets into the three previously defined eras. Due to its performance
characteristics and parsimony, the parsimonious model was selected. Due to the significant
changes in pathology characteristics that were observed over time in the descriptive statistics, the
full clinicopathologic model was also selected.

In the parsimonious model (Table 11), the marginal effect of time was significant in all
eras, with a higher magnitude of eGFR decline in Era 1 (-7.30 mL/min/1.73 m*/year, SE 1.36)
compared to Eras 2 and 3 (-3.56 mL/min/1.73 m*/year, SE 1.26 and -3.37 mL/min/1.73 m*/year,
SE 1.62, respectively). The remainder of fixed-effect coefficients were consistent across eras,
with the notable exception of the proteinuria—time interaction. In Eras 1 and 3, higher proteinuria
was significantly associated with faster eGFR decline (-3.14 mL/min/1.73 m?/year, SE 1.06 in
Era 1; —2.32 mL/min/1.73 m?/year, SE 1.18 in Era 3), whereas in Era 2 the interaction was not
significant (—0.74 mL/min/1.73 m?/year, SE 0.90). The variability of the random slope for time
increased over eras (SD 5.15 in Era 1, 7.99 in Era 2, and 12.31 in Era 3), accompanied by a
decline in marginal R? (0.92, 0.80, and 0.77, respectively) while conditional R? remained stable.
This pattern suggests that in more recent eras, a greater share of variability was attributable to

between-patient differences.
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In the full clinicopathologic model (Table 12), the main effect of time was not significant
in any era, with wide standard errors, though the point estimates suggested modest decline in
Eras 1 and 3 (-1.90 mL/min/1.73 m? per year, SE 3.00 in Era 1; —3.12, SE 5.02 in Era 3) and a
near-null estimate in Era 2 (0.48, SE 2.95). The interaction between proteinuria and time was
significant in Era 3 (-2.79, SE 1.26), indicating that higher proteinuria was associated with faster
decline in recent years, while smaller, non-significant effects were seen in Eras 1 and 2 (—1.49,
SE 1.24 and —0.82, SE 1.09, respectively). Other covariate-time interactions were imprecise,
with wide confidence intervals, and pathology terms did not consistently modify slope across
eras. It should be noted that the presence of crescents was strongly associated with more rapid
eGFR decline in Era 1 (-8.82, SE 2.34), an era where almost half the cohort had crescents on
kidney biopsy. Random slope variability increased markedly from Era 1 (SD 3.56) to Era 3 (SD
12.76), suggesting greater heterogeneity in eGFR decline in more recent cohorts. RMSE rose
from 5.80 in Era 2 to 8.40 in Era 3, consistent with less precise prediction in the most recent era.

Overall, these findings suggest an increase in heterogeneity with time. The effect
estimates of the parsimonious model were generally stable with time, while differences were
observed in the effect of pathology on eGFR slope between eras, perhaps reflecting differences

in the prevalence of different pathology findings over time.

Model using imputed data

We elected to fit two models to the imputed datasets, the parsimonious model, and the
full clinicopathologic model. Coefficients and standard errors from the parsimonious model were
similar to those from the complete case analysis (Table 13). However, the marginal R? was lower
in the imputed datasets, indicating that the fixed effects explained less variability in eGFR

compared with the complete case model. The variability of the random effects was substantially
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greater in the imputed datasets, with a random intercept SD of 11.11 and a random slope SD of
10.05. Together with the lower marginal R?, this suggests less of the variability in eGFR was
explained by the fixed effects, with a greater proportion instead captured by the random effects.

In the full clinicopathologic model fit to the imputed dataset (Table 14), the marginal
effect of time was not significant (—0.19 mL/min/1.73 m*year, SE 2.15, p = 0.928), consistent
with the complete case analysis. The interaction between index proteinuria and time was also
similar to the complete case model (—1.39 mL/min/1.73 m?*/year, SE 0.63, p = 0.028). However,
unlike the complete case analysis, the Oxford S—time interaction reached statistical significance
(-3.76, SE 1.84, p = 0.041), while the Oxford C—time interaction was no longer significant (—
1.97, SE 2.05, p = 0.338). Model performance was poorer, with a lower marginal R? compared to
the complete case analysis (0.70 vs. 0.80), although the conditional R? remained stable. The
random slope SD was similar across models, but the random intercept SD was higher in the
imputed dataset (10.89), again suggesting that more between-patient variability was captured by
the random effects when using imputed data.
Evaluating eGFR slope predictions

The observed and conditional predicted slopes for the parsimonious model are presented
in Table 15. The apparent predictive performance of each of the models in predicting eGFR slope
is presented in Table 16.
Parsimonious model

The RMSE of conditional predicted eGFR slopes was 6.41. Pearson correlation between
predicted and observed eGFR slope was 0.88. While predicted values were similar to observed
values (Figure 7), the slope of the calibration line (1.15, 95% CI 1.04, 1.26) deviated from 1.0,

indicating some miscalibration. Specifically, the model tended to overestimate decline among
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patients with observed eGFR slopes greater than 0, and underestimate decline in those with rapid
progression. Predictions were well calibrated when observed eGFR slopes were close to the
population average. Predicted eGFR slope was within 1 mL/min/1.73 m?/year of observed slope
88% of the time. Bland Altman plots comparing conditional predicted and observed eGFR slopes
demonstrated good overall agreement between predicted and observed slopes, with differences
centred on zero, and few predictions falling outside the 95% limits of agreement (Figure §). With
the exception of patients with large negative mean slopes, no systematic trend in the difference
between predicted and observed slope was found across the range of slopes.

The RMSE of marginal predicted eGFR slopes was 12.31. Correlation between predicted
and observed eGFR slope was 0.30. Calibration was poor (calibration slope 1.58, 95% CI 0.71,
2.44), and predictions often deviated markedly from observed values across all observed values
of eGFR (Figure 9). Marginal predicted eGFR slope was within 1 mL/min/1.73 m*/year of
observed slope only 11% of the time. Unlike the conditional predictions, Bland Altman plots of
marginal predicted versus observed eGFR slopes demonstrated a negative proportional bias
(Figure 10), suggesting the marginal parsimonious model underestimates eGFR slope for patients
with the most negative eGFR slope (i.e it predicts a less negative slope), and overestimates eGFR
slope for patients with observed slopes close to or greater than 0 (i.e it predicts decline when it
doesn’t occur). The limits of agreement were also much wider than the plot of conditional
predictions, indicating greater prediction error. Examination of density plots (Figure 11)
demonstrate the distribution of predicted and observed slopes was broad, reflecting the
heterogeneity of observed patient trajectories. Conversely, marginal predicted slopes were
narrowly centred around the population average, substantially underestimating the variability

seen in the observed data.

34



Overall, the findings suggest that inclusion of the random effects was critical for accurate
prediction of individual eGFR slopes, and support that between-patient variability may be a

barrier to accurate prediction of eGFR slope in this cohort.

Treatment and trajectory model

The RMSE of conditional predicted eGFR slopes was 6.54. Correlation between
predicted and observed eGFR slope was 0.88. While predictions generally tracked observed
values (Figure 12), the slope of the calibration line (1.14, 95% CI 1.03, 1.26) deviated from 1.0,
indicating miscalibration. Similar to the parsimonious model, the model tended to overestimate
decline among patients with observed eGFR slopes greater than 0, and underestimate decline in
those with rapid progression. Predictions were well calibrated when observed eGFR slopes were
close to the population average. Predicted eGFR slope was within 1 mL/min/1.73 m?/year of
observed slope 83% of the time. Bland Altman analysis comparing conditional predicted and
observed eGFR slopes demonstrated good overall agreement between predicted and observed
slopes, with most differences centred on zero, and few predictions falling outside the 95% limits
of agreement (Figure 13), which were similar to the conditional predictions of the parsimonious
model. With the exception of patients with very negative mean slopes, no systematic trend in the
difference between predicted and observed slope was found across the range of slopes.

Examination of marginal predictions from the treatment and trajectory model revealed
similar issues to the marginal predictions arising from the parsimonious model. The RMSE of
marginal predicted eGFR slopes was 12.69. Correlation between marginal predicted and
observed eGFR slope was 0.28. Calibration was poor, (calibration slope 1.55, 95% CI 0.60,
2.51); predictions deviated from observed values markedly and unpredictably (Figure 14). Only

10% of marginal predicted eGFR slopes were within 1 mL/min/1.73 m*/year of observed slope.
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Bland-Altman plots comparing marginal predicted and observed eGFR slopes demonstrated a
negative proportional bias with wider limits of agreement than the plot of conditional predictions
(Figure 15), similar to that observed in the marginal parsimonious model. The density plot of
observed, conditional, and marginal predicted eGFR slope (Figure 16) revealed distributions very
similar to the parsimonious model, with conditional and observed slopes closely overlapping,
and marginal slopes centred around the population average with much less variability.

The findings are very similar to the parsimonious model. The results suggest that when
patient-specific slopes can be included, slope can be accurately predicted, and that slope is

difficult to predict without accounting for between-patient variability.

Full clinical model

The RMSE of conditional predicted eGFR slopes was 6.31. Correlation between
predicted and observed eGFR slope was 0.88. The calibration slope (1.14, 95% CI 1.04, 1.25)
deviated from 1.0, indicating miscalibration. Consistent with prior models, the model tended to
overestimate decline among patients with observed eGFR slopes greater than 0. While the
calibration slope and loess line of the calibration plot (Figure 17) suggest underestimation of
decline among patients with very rapid progression, visual inspection shows that most observed
slopes lie above the line of identity, indicating that across the spectrum, observed slopes were
generally less negative than predicted. Predicted eGFR slope was within 1 mL/min/1.73 m%/year
of observed slope 69% of the time. Bland Altman plots comparing conditional predicted and
observed eGFR slopes demonstrated good overall agreement between predicted and observed
slopes, with the mean difference centred on zero (Figure 18). However, unlike prior models,
visual inspection of the plot reveals a large number of differences below zero, suggesting over-

prediction of eGFR decline (the model predicts a more negative eGFR slope than is observed).
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This is consistent with the findings of the calibration plot. Few predictions fell outside the 95%
limits of agreement, which were similar to the conditional predictions of the prior models. With
the exception of patients with very negative mean slopes, no systematic trend in the difference
between predicted and observed slope was found across the range of slopes.

Examination of marginal predictions from the full clinical model revealed similar issues
to the marginal predictions arising from the prior models. The RMSE of marginal predicted
eGFR slopes was 12.65. Correlation between marginal predicted and observed eGFR slope was
0.28. Calibration was poor, (calibration slope 1.39, 95% CI 0.54, 2.25); predictions deviated
from observed values markedly and unpredictably (Figure 19). Only 14% of marginal predicted
eGFR slopes were within 1 mL/min/1.73 m*/year of observed slope. Bland-Altman plots
comparing marginal predicted and observed eGFR slopes demonstrated a negative proportional
bias with wider limits of agreement than the plot of conditional predictions (Figure 20), similar
to that observed in the prior marginal models.

The findings suggest that the addition of clinical features such as hypertension, diabetes,
and an interaction term for the change in eGFR with time may lead to systematic over-prediction

of eGFR decline (i.e., more negative slope prediction than what is observed).

Full clinicopathologic model

The RMSE of conditional predicted eGFR slopes from the full clinicopathologic model
was 6.93. Correlation between predicted and observed eGFR slope was 0.87. The calibration
slope (1.14, 95% CI 1.02, 1.26) deviated from 1.0, indicating miscalibration. Examination of the
calibration plot (Figure 22) revealed many observed slopes along the line of identity. However,
for some patients, the model tended to underestimate eGFR decline. As in prior models, several

outliers with profoundly rapid observed decline were noted; the model underpredicted their rate
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of decline. eGFR slope was within 1 mL/min/1.73 m?/year of observed slope 74% of the time.
Bland Altman analysis comparing conditional predicted and observed eGFR slopes showed that
most differences centred on zero (Figure 23). Visual inspection, however, revealed a number of
points above zero, with the mean difference line also above zero, indicating that the model
tended to under-predict eGFR decline (i.e., predicted slopes were less negative than is observed).
This finding was consistent with the calibration plot. Few predictions fell outside the 95% limits
of agreement, comparable to prior conditional models. Apart from several outliers, no systematic
trend in the differences was evident the range of slopes.

As in prior marginal models, predictions from the marginal full clinicopathologic model
were inaccurate. The RMSE of marginal predicted eGFR slopes was 12.60. Correlation between
marginal predicted and observed eGFR slope was 0.31. Calibration was poor, (calibration slope
1.19, 95% CI 0.54, 1.84), with predicted values deviating substantially and inconsistently from
observed slopes (Figure 24). Only 10% of marginal predicted eGFR slopes were within 1
mL/min/1.73 m?/year of observed slope. Bland-Altman plots comparing marginal predicted and
observed eGFR slopes (Figure 25) demonstrated a similar negative proportional bias observed in
prior marginal models, but with greater dispersion around the mean difference line, suggesting an

increase in the variability of predictions with no improvement in model bias.

Models using imputed datasets

The apparent performance metrics for eGFR slope from the models fit to imputed
datasets are found in Table 17. For the conditional parsimonious model fit to the imputed
datasets, the RMSE was 8.96 and the correlation with observed slopes was 0.79. The calibration
slope (1.15, 95% CI 1.02—1.28) was similar to the complete case analysis, but the calibration plot

(Figure 27) demonstrated substantial variability, with many predictions deviating markedly
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above or below the line of identity. Overall, 77% of predicted slopes were within 1 mL/min/1.73
m?/year of the observed slope. Bland—Altman plots (Figure 28) showed that the mean difference
between predicted and observed slopes was centered on zero, indicating no systematic bias.
However, the limits of agreement were wider than in the complete case analysis, and numerous
observations lay well outside these bounds, reflecting poorer agreement and greater error
dispersion when imputed data were used.

For the conditional full clinicopathologic model fit to the imputed datasets, the RMSE
was 11.20, and the correlation with observed slopes was 0.79. Calibration was poorer than the
complete case analysis (calibration slope 1.33, 95% CI 1.18, 1.49). The calibration plot (Figure
30) showed that although many observed slopes lay along the line of identity, the model tended
to under-predict decline among rapid progressors. Overall, 78% of predicted slopes were within
1 mL/min/1.73 m?/year of the observed slope. Bland Altman analysis (Figure 31) showed that
most differences were centred around zero, but limits of agreement were wider than in the
complete case analysis, with numerous data points deviating substantially from the zero line. The
marginal predictions from the full clinicopathologic model were also inaccurate.

These findings highlight that although imputation preserved covariate distributions,
model performance and prediction accuracy was inferior to the complete case models, with
greater variability and miscalibration.

Internal validation

On the basis of its simplicity and performance characteristics, the parsimonious model
was selected for internal validation. The apparent and cross-validated performance metrics of the
parsimonious model are presented in Tables 18 and 19. For the conditional eGFR slope

predictions, the pooled cross-validated RMSE was 12.11 (SD 5.40), with an optimism estimate

39



of 5.70. The cross-validated correlation between observed and predicted eGFR slope was -0.15
(SD 0.24), with optimism of 1.03. The cross-validated calibration slope was 0.79 (SD 21.92),
with optimism of 0.35.

For the marginal eGFR slope predictions, the pooled cross-validated RMSE was 11.98
(SD 4.69), with an optimism estimate of 0.33. The cross-validated correlation between observed
and predicted eGFR slope was 0.24 (SD 0.46), with optimism of 0.06. The cross-validated
calibration slope was 1.89 (SD 3.88), with optimism of 0.31.

Internal validation demonstrated substantial performance degradation for conditional
predictions, with high RMSE, near-zero correlation, and unstable calibration. Marginal
predictions showed better stability, with lower optimism, though predictions generated in the
validation datasets remained poorly calibrated and widely variable. This pattern suggests that the
apparent accuracy of conditional predictions was heavily driven by the random effects, as
expected when accounting for subject-specific variation, underscoring their critical role in
capturing patient-specific heterogeneity and improving individual predictions.

Sensitivity analyses

Two sensitivity analyses were performed. First, the parsimonious model was re-fit using a
variance components variance-covariance structure (Table 20). Coefticients and standard errors
were nearly identical to those obtained with the unstructured variance-covariance structure, and
model performance was also comparable.

Second, the parsimonious model was re-fit, using 180 days post-kidney biopsy as the
index date (Table 21). In this model, the marginal effect of time was -4.80 mL/min/1.73 m?/year
(SE 0.84, p <0.001), which represented a slightly larger decline than in the original analysis.

Higher index proteinuria was associated with a lower index eGFR (-1.01, SE 0.34, p =0.004),

40



while the interaction between proteinuria and time was similar to the original model (-1.70
mL/min/1.73 m?/year, SE 0.51, p = 0.001). Model performance was similar, with marginal R?
0.82 and conditional R? 0.93, although accuracy was lower, with an RMSE of 9.12.

Taken together, these sensitivity analyses support that the results were robust to changes
in the variance-covariance structure, and to redefining the index date. However, predictive
performance declined when the index date was shifted to 180 days post-biopsy, possibly
reflecting that covariates such as proteinuria or eGFR remain in flux at this earlier time point due

to the effect of treatment initiation and titration.
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Discussion

Summary of findings

In this population-based retrospective cohort study of 181 adults (137 complete cases)
with biopsy-proven IgA nephropathy diagnosed in Manitoba, mixed-effects linear regression
models were used to predict the 2-year rate of change in eGFR (eGFR slope) using clinical and
pathological predictors. The models demonstrated strong apparent performance within the
development dataset but limited generalizability when tested through cross-validation. This study
represents, to our knowledge, the first attempt to predict eGFR slope in a real-world IgA
nephropathy cohort using linked administrative and registry data.

Across all model specifications, apparent model performance was similar, with high
conditional R? values, and the vast majority of conditional (subject-specific) predictions closely
approximating observed patient slopes. However, when random effects were removed to
generate marginal (population-level) predictions, calibration and accuracy declined substantially.
Marginal predictions systematically over- or underestimated observed slopes, and calibration
plots demonstrated severe miscalibration. Cross-validation further revealed that the strong
apparent performance of the conditional models did not generalize to unseen data, with notable
deterioration in calibration and precision. Together, these findings indicate that the models relied
heavily on patient-specific random effects to maintain apparent accuracy, limiting their utility for
predicting outcomes in new patients.

Among fixed effects, higher proteinuria at the index date, one-year post biopsy, was
consistently associated with faster eGFR decline, regardless of the model structure. The addition

of pathology features did not improve predictions, though interpretation of the effects of
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pathologic lesions on eGFR slope are limited by imprecision of the estimates, and the availability

of data within the registry.

Interpretation of model performance

To our knowledge, this is the first study to develop and validate a prediction model for
eGFR slope in [gAN. We demonstrated the feasibility of building a model that is accurate when
the random effects can be precisely estimated from available data. We also demonstrated the
challenges associated with applying such a model to unseen data or a new patient who lacks
historical eGFR data, and the importance of making accurate marginal predictions to maximize
clinical utility of the model in such a context.

Comparisons of observed and predicted eGFR slopes provided insight into the nature of
prediction error. In the marginal models, negative proportional bias was observed. For patients
with steeply declining eGFR, the model systematically predicted a less negative slope, while for
patients with stable or improving eGFR, the model predicted decline. This pattern reflects
regression to the mean'%, in which predictions are biased toward the population average.
Because the random effects in mixed models capture patient-specific deviations from the mean
trajectory, their exclusion in marginal predictions leaves only the fixed effects to explain
individual differences. When the covariates included in the model are only weakly associated
with the change in eGFR over time, as was seen in this study, patient-specific predictions cluster
tightly around the population mean. This may reflect the limited strength of association between
the available predictors and true disease progression in this cohort, or insufficient sample size to
detect those associations with adequate precision. Interestingly, although the marginal

predictions were systematically biased toward the population mean, their cross-validated
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performance showed minimal optimism, suggesting that while the marginal models lacked
precision, they were stable and not overfitted.

The inclusion of comorbidities, treatment characteristics, and pathology features did not
meaningfully improve the predictive accuracy or calibration of the eGFR slope models. There
are several possible reasons. First, the combination of a small sample size and multiple
covariates increased the likelihood of overfitting, limiting the precision of estimates beyond the
strongest predictor variable, proteinuria. In mixed-effects models, random intercepts and slopes
already absorb much of the within-patient variability, and adding numerous fixed effects with
weak or inconsistent associations (whether real or because the sample is small), can inflate
variance without improving predictive performance. Second, IgAN is a widely variable disease
in its rate of progression, and it has been demonstrated that clinical and pathological risk factors
account for a small amount of variability in kidney disease progression'>%*. This likely reflects

107 "ancestry or ethnicity’*,

the influence of unmeasured factors, including genetic susceptibility
environmental exposures!%, and immune or molecular disease signatures'®, that were not
captured in this dataset but may substantially affect disease trajectory. As an example, the
International IgA Nephropathy Prediction Tool models had R? values of 0.25 to 0.35 in the
derivation and validation cohorts, which comprised research cohorts collected in expert centres'?.
As a population-based cohort, the Manitoba Glomerular Diseases Registry may capture even
greater variability in disease presentation, treatment, and progression than selected research
cohorts, which may further limit the predictive value of population-level covariates, and the
ability of the model to make accurate out-of-sample predictions. The weak or imprecise

associations observed in the model coefficients in this study would support this notion. Third,

patients entered the cohort at differing points in their disease trajectory. Proteinuria, eGFR, and
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the time from nephrology contact to kidney biopsy were highly variable, and we were unable to
capture the indication for kidney biopsy, along with pre-biopsy disease behaviour that may have
influenced subsequent eGFR slope. This heterogeneity introduces noise into the model and may
attenuate our ability to accurately model the impact of a given covariate on eGFR slope for a
given patient at a given timepoint in their disease. Finally, the nature of the data sources and
imprecisions in the covariate definitions could explain their limited contribution to model
performance, despite being biologically important. Glucocorticoid exposure in this study was
defined as a binary variable, coded as present if a prescription for any glucocorticoid was
dispensed for at least 30 days. This approach may have resulted in misclassification bias, which
typically results more imprecise estimates that are biased toward the null''®. Under this
definition, a patient could have completed six months of treatment as per the reduced-dose
TESTING protocol which has demonstrated therapeutic benefit*’, whereas another patient could
have filled the same prescription and never taken the medication, yet both would be categorized
as “exposed.” Such heterogeneity in dose, adherence, and duration within a binary exposure
variable could have obscured any true association between glucocorticoid use and eGFR decline,
contributing to the absence of improvement in predictive accuracy when treatment variables

were added to the model.

Clinical implications of the findings

The results reaffirm the importance of proteinuria in predicting eGFR decline. Patients
with higher proteinuria at one year post-biopsy experienced substantially faster eGFR loss after
adjusting for other covariates. The estimated effect size, approximately 1.5 mL/min/1.73 m?*/year
faster decline per 1 g/day higher proteinuria, emphasizes the critical importance of lowering

proteinuria to prevent CKD progression and kidney failure that has been demonstrated in
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randomized trials®®. The landmark nature of our analysis is also unique and expands the available
literature regarding how proteinuria predicts kidney outcomes in IgAN. It is well-established that
increasing baseline*®6%62-%4 time-averaged*’-%, and time-varying proteinuria'® are all associated
with kidney disease progression, and our study adds to that literature by demonstrating that the
degree of proteinuria at one-year is also prognostic. Interestingly, we did not find an association
between the change in proteinuria from baseline to one year and subsequent kidney function
decline. This is consistent with data from the Toronto GN Registry, which demonstrate that
patients with >3 g/day of proteinuria at baseline who achieved a significant reduction in
proteinuria to <1 g/day had similar outcomes to patients who had <1 g/day persistently?. This
supports that achieving the lowest proteinuria possible, likely at any timepoint, is the most
important treatment goal in [gAN.

However, contrary to prior publications, we did not observe an association between
eGFR and subsequent kidney function decline. An early epidemiologic study including patients
from Canada, Finland, and Australia demonstrated and association between lower baseline
kidney function and accelerated kidney function decline®!. This study modeled the association of
covariates with subsequent observed decline using linear regression, without accounting for
patient-specific variability as in a mixed-effects model. Our model estimated slope from the
coefficients of the covariate-time interaction terms and included patient-specific random effects
to model between-patient variability in both baseline and slope. Thus, it is possible that prior
findings using simple linear regression may reflect a spurious association that is no longer
present after proper portioning of within- and between-person differences.

In this cohort, the number of patients diagnosed with IgAN increased with time. This is

consistent with prior work which demonstrated an almost threefold increase in the incidence of
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kidney biopsy in Manitoba over the study period’. This increase is at least partially attributable to
increases in the availability of biopsy, and the increasingly recognized importance of kidney
biopsy in management of GN and kidney disease more broadly. It is not clear if the incidence of
IgAN is actually increasing in Manitoba. We found that patients belonging to the lowest SES
quintile were over-represented; this is consistent with prior literature showing a higher incidence

of IgAN in patients of low SES, the reasons for which are not clear!!’"!12,

Era effects

A number of interesting era effects were observed, both in the characteristics of the
cohort and in the performance of the models. Patients diagnosed in the earliest era were slightly
younger, had higher eGFR, and lower proteinuria at the index date, despite similar proteinuria at
cohort entry. They also had a higher prevalence of crescents, less IFTA, and were more likely to
receive glucocorticoids compared with those in later eras. Although definitive conclusions cannot
be drawn, these findings collectively suggest that patients biopsied in Era 1 may have had earlier
or more treatment-responsive disease. Consistent with this interpretation, diabetes and
hypertension were less prevalent in the earliest era. Because these conditions can independently
cause chronic kidney disease, their increasing prevalence over time may partly explain the
greater IFTA, lower eGFR, and higher proteinuria observed in later eras. These temporal shifts in
disease characteristics and comorbidity burden may also underlie the increase in the variability
of the random slopes with time, reflecting an increase in the heterogeneity of disease behaviour
across eras. It is possible that these changes reflect evolving biopsy practices, rather than true
shifts in disease biology; patients biopsied in Era 1 may have represented a more specific clinical
phenotype prompting a biopsy, whereas in later eras, greater biopsy availability, and broader

indications for kidney biopsy may have captured a more heterogeneous population. Finally, the
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growing heterogeneity in patient characteristics and biopsy indications over time likely mirrors
secular changes in treatment paradigms and physician practice patterns, which may have
influenced both who was biopsied and how aggressively patients were treated, introducing
treatment-by-era interactions that were not formally modeled in this analysis.
Strengths and limitations

This study has several strengths. By leveraging a population-based registry capturing all
patients diagnosed with IgAN in our province, the cohort is not subject to the selection bias
inherent to research cohorts with specific enrolment criteria® or those derived from expert
centres>%’. Because the registry dates back to 2002, it also enabled the identification of important
era effects which may have influenced patient characteristics, biopsy practices, and treatment
patterns over time. In addition, linkage with the Manitoba Centre for Health Policy (MCHP)
databases allowed for comprehensive capture of administrative, clinical, and medication data,
which are known to be of high quality®!. Finally, as the first study to develop prediction models
for eGFR slope in IgA nephropathy, this analysis makes a methodological contribution to the
literature by demonstrating the importance of appropriately estimating random effects to balance
apparent accuracy in the derivation dataset with generalizability to new patients. This is
discussed in greater detail in a future section.
However, this analysis also has many limitations. First, missing data were prevalent, and data
completeness varied by era, sex, and clinical severity. While the multiple imputation approach
produced covariate distributions that closely resembled those in the complete-case analysis,
model performance and prediction accuracy was worse when applied to the imputed datasets,

113

which is common when using imputed data’'°. However, one important contributor to this

decline in performance may derive from the fact that index eGFR was one of the covariates
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where missingness was prevalent and therefore imputed. As the measure from which future
trajectory is measured, by imputing index eGFR we are partially imputing the outcome
trajectory, since slope is defined relative to this baseline value. If the imputed value deviates
even slightly from the true baseline value, this error is then propagated to the predicted slope,
introducing noise. Accordingly, although imputation preserved the distribution of the covariates,
the predictive accuracy of the model was degraded. Thus, the need to use only complete cases
led to a significant decrease in sample size, and reduction in power as previously discussed.
Second, closely related to the issue of missingness was the availability of data from
which to accurately model eGFR slopes in this population. A total of 140 patients were excluded
because they had fewer than three eGFR measurements available for analysis. This decision
reflected a trade-off between maximizing sample size, and preserving the reliability of slope
estimation. With only two measurements, the estimated trajectory for an individual is fully
determined by a single difference, and is therefore highly sensitive to measurement error or
transient fluctuations in kidney function. Indeed, empirical examination of some individual
eGFR plots showed implausibly discordant eGFR measurements over short intervals, producing
unstable and clinically illogical slopes. Including such patients would have inflated residual
variance and undermined both model calibration and predictive validity. Still, excluding them
likely introduced selection bias, as it is probable that individuals with close follow up may be
systematically different from those with sparse follow up, though observed differences in
characteristics and outcomes appeared minor. Ultimately, although the decision to exclude these
patients reduced sample size and statistical power, the reliability and interpretability of the

mixed-effects estimates were likely strengthened.
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Third, there was potential for temporal misalignment between covariate measurement and
the period over which eGFR slope was estimated. Pathology features were measured at the time
of biopsy, whereas treatments and comorbidities reflected the period preceding the one-year
index date. Because eGFR slope was modeled beginning at that index date, these predictors were
not necessarily synchronized with the time frame over which decline was estimated, potentially
attenuating their apparent predictive strength. For example, the presence of crescents at biopsy
may have influenced treatment decisions, with some patients receiving prompt
immunosuppression that mitigated subsequent decline, while others remained untreated and
continued to progress. In this context, the effect of crescents on post—one-year slope may be
partly mediated or modified by treatment, blunting any direct association observed in the model.
The study was not designed to account for such treatment-by-pathology interactions or mediation
effects, which may have further contributed to the weak or inconsistent associations between
biopsy findings and subsequent eGFR decline. Aside from pathology characteristics which are
inherently time-invariant, the decision to exclude time-varying treatment or clinical covariates
was intentional, as the goal was to develop a prediction model based solely on information
available at the time of prediction; while time-varying measures such as proteinuria during
follow-up may be explanatory, they would not be known at the point when a prediction is made.

Fourth, covariate definitions may have limited their utility as predictors in the models.
For example, although hypertension was included as a comorbidity, the actual measured blood
pressures, which have been found to associate with kidney function decline in IgAN?, were not
available to be included. Therefore, a patient with a previous diagnosis of hypertension, who is
considered exposed, could have well-controlled blood pressure at index, while another patient

without a pre-existing diagnosis of hypertension, who is therefore considered unexposed, could
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have elevated blood pressure at index. This potential misclassification bias could result in
imprecise estimates that were biased toward the null. Like hypertension, diabetes was defined
using diagnostic codes rather than contemporaneous glycemic measurements, which may not
perfectly reflect the presence or severity of disease. Proteinuria values were obtained from a
combination of 24-hour urine collections, spot urine PCRs, and ACRs. Conversion of spot
measurements to 24-hour equivalents may have introduced measurement error, particularly at
higher levels of proteinuria, where the correlation between spot measurements and 24-hour
values is known to weaken®>.

Fifth, variable selection was guided by clinical relevance and prior literature rather than
data-driven statistical procedures. While this approach aligns with current best practices for
prediction modeling''* and helps prevent overfitting, it may have limited the identification of
additional empirically informative predictors within this dataset. A hybrid strategy incorporating
penalization methods such as least absolute shrinkage and selection operator (LASSO), which
adds a penalty term to coefficient values and shrinks unimportant predictors’ coefficients to
zero''®, could provide a useful balance between theoretical interpretability and data-driven
optimization in future work.

Finally, our modeling approach assumed the change in eGFR to be linear with time. In
reality, kidney function decline in IgA nephropathy may be non-linear, with periods of stability
interspersed with acute declines related to disease activity and flares, or treatment. Although
defining the index date at one year post-biopsy was intended to minimize the acute effects of
early therapy, the analytic framework could not capture short-term or nonlinear changes in

kidney function that may have prognostic importance.
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Implications for future research

Our findings provide several insights that may improve the development and validation
of models to predict eGFR slope in IgAN. In our modeling framework, random effects were
estimated using the best linear unbiased predictors (BLUPs) to quantify each patient’s deviation
from the population mean, conditional on all observed eGFR measurements for that patient.
Though this approach is widely accepted and statistically sound''®, in clinical practice, or in a
validation dataset, these data are not available, as only previously collected eGFR values are
known, if any are available at all. A potential extension of this analysis would be to estimate
random effects from a patient’s baseline and historical eGFR values to generate conditional,
individualized predictions. This approach has been applied successfully in models predicting
eGFR trajectories in diabetes'!” and lung function decline in chronic obstructive pulmonary
disease'!®. These models employ a conditional prediction framework derived from the joint
multivariate normal distribution of all possible values for an individual. Rather than explicitly
estimating the random effects from the observed data, the covariance structure of the mixed
model is used to update predictions dynamically as soon as one or more past measurements are
available. Studies using this approach have demonstrated feasibility in generating predictions
that are robust in cross-validation or external validation settings, and it is possible this approach
could be utilized to build an accurate, generalizable prediction model for eGFR slope in IgAN.

A potential source of bias in the slope predictions relates to informative dropout. In this
study, eGFR values only contributed to slope estimates if they were measured prior to the
development of kidney failure. As the mixed-effects framework assumes that missing outcome
data are missing at random and that dropout is ignorable, failure to account for informative

dropout may bias mean slopes. More specifically, individual patient slopes may be associated
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with the time-to-dropout, with the most negative slopes being associated with shorter time-to-
dropout. If this phenomenon is not appropriately accounted for, mean slope estimates can be
biased upward (i.e less negative). This has been demonstrated previously in an analysis of the
Modified Diet in Renal Disease trial''®. One approach to address this issue is shared-parameter
modeling, in which the eGFR slope and time-to-dropout (kidney failure) are modeled jointly via
a shared set of random effects®. Shared-parameter models have been demonstrated to provide
less biased estimates of slope, but are computationally intensive, and were beyond the scope of
this work. However, future studies focusing on slope prediction in IgAN should include a shared-
parameter model as a sensitivity analysis to examine the degree to which slope estimates are

biased by informative dropout due to kidney failure.

Conclusion

In summary, this study highlights the challenges of accurately predicting short-term
eGFR decline in IgA nephropathy using routinely collected clinical and pathological data. While
mixed-effects models reproduced individual trajectories well when all patient data were
available, their predictive accuracy deteriorated substantially when applied to new patients or
when random effects could not be reliably estimated. These findings underscore the central
importance of the methods used to estimate and apply random effects, as they strongly influence
both apparent model performance and true generalizability. Beyond these methodological
insights, the study reinforces the dominant prognostic role of proteinuria and illustrates how data
completeness, temporal alignment, and evolving biopsy and treatment practices shape the
performance of longitudinal prediction models. Future research should focus on developing

dynamic, externally validated frameworks that can update predictions as new eGFR data accrue
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and more fully account for treatment effects and informative dropout, to move slope-based

prediction closer to clinical applicability in IgA nephropathy.
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Table 1. Baseline characteristics of patients with IgA nephropathy by era

Characteristic Overall 2002 to 2008 2009 to 2014 2015 to 2020

(n = 181)' (n =36)' (n =55)" (n =90)’
Age at cohort entry (years) | 41 (31, 54) 38 (26,47) 44 (32, 58) 42 (31, 56)
Sex

Male 101 (56%) 21 (58%) 31 (56%) 49 (54%)

Female 80 (44%) 15 (42%) 24 (44%) 41 (46%)
Location of Residence

Winnipeg 108 (60%) 27 (75%) 33 (60%) 48 (53%)

QOutside of Winnipeg 73 (40%) 9 (25%) 22 (40%) 42 (47%)
SES Quintile

1 62 (34%) 9 (25%) 19 (35%) 34 (38%)

2 36 (20%) 6 (17%) 13 (24%) 17 (19%)

3 30 (17%) 6 (17%) 7 (13%) 17 (19%)

4 36 (20%) s s 13 (14%)

5 17 (9.4%) s s 9 (10%)
eGFR at cohort entry 58 (35, 86) 67 (30, 98) 52 (31, 80) 58 (39, 87)
(mL/min/1.73 m?)

Missing 13 (7.2%) 8 (22%) s s
Proteinuria at cohort entry | 1.73 (1.06, 2.95) | 1.71 (0.88, 2.85) | 1.73 (1.04, 1.77 (1.08,
(g/day) 3.52) 2.61)

Missing 14 (7.7 %) 9 (25%) s s
Index eGFR (mL/min/1.73 51 (31, 81) 66 (40, 87) 43 (27,71) 55 (33, 84)
m?)

Missing 26 (14%) 7 (19%) S 15 (17%)
Index proteinuria (g/day) 1.19(0.53,2.27) | 0.70 (0.35,2.22) | 1.08 (0.47, 1.61 (0.60,

2.00) 2.56)

Missing 33 (18%) 8 (22%) 7 (13%) 18 (20%)

Nephrology consult to 49 (8, 210) 38 (-16, 144) 62 (-7,274) 49 (16, 233)
biopsy (days)
Diabetes 31 (17%) s 10 (18%) 18 (20%)
Hypertension 83 (46%) 12 (33%) 25 (45%) 46 (51%)
RAAS:I treatment 160 (88%) s 48 (87%) 78 (87%)
Glucocorticoid treatment 46 (25%) 12 (33%) 16 (29%) 18 (20%)
Oxford S

0 50 (28%) 12 (33%) 16 (29%) 22 (24%)

1 131 (72%) 24 (67%) 39 (71%) 68 (76%)
Oxford T

0 94 (52%) 25 (69%) 24 (44%) 45 (50%)

1 57 (31%) 11 (31%) 24 (44%) 22 (24%)

2 30 (17%) 0 (0%) 7 (13%) 23 (26%)
Oxford C (binary)

0 132 (73%) 21 (58%) 39 (71%) 72 (80%)

1 49 (27%) 15 (42%) 16 (29%) 18 (20%)
Kidney failure status

No kidney failure 148 (82%) 27 (75%) 46 (84%) 75 (83%)

Kidney failure 33 (18%) 9 (25%) 9 (16%) 15 (17%)
Vital status
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Alive 155 (86%) 28 (78%) 45 (82%) 82 (91%)
Dead 26 (14%) 8 (22%) 10 (18%) 8 (8.9%)
Follow up time (years) 8.2 (5.2,12.6) 15.7 (14.5,17.5) | 10.7(9.2,12.8) | 5.8 (4.2,7.4)

"Median (Q1, Q3) are reported for continuous variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone

system inhibitor; s, suppressed (cell size 5 or less)
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Table 2. Baseline characteristics of patients with IgA nephropathy by sex

Characteristic Male (n =101) Female (n = 80)
Age at cohort entry (years) 42 (32, 56) 41 (30, 52)
Location of Residence

Winnipeg 58 (57%) 50 (63%)

QOutside of Winnipeg 43 (43%) 30 (38%)
SES Quintile

1 29 (29%) 33 (41%)

2 18 (18%) 18 (23%)

3 19 (19%) 11 (14%)

4 22 (22%) s

5 13 (13%) s
eGFR at cohort entry (mL/min/1.73 58 (40, 81) 57 (32, 94)
m?)

Missing S 8 (10%)
Proteinuria at cohort entry (g/day) 1.56 (0.97, 2.67) 1.92 (1.26, 3.44)

Missing s 9 (11%)
Index eGFR (mL/min/1.73 m?) 50(30,77) 54 (32, 84)

Missing 11 (11%) 15 (19%)
Index proteinuria (g/day) 1.08 (0.50, 1.94) 1.56 (0.60, 2.94)

Missing 15 (15%) 18 (23%)
Nephrology consult to biopsy (days) 38 (6, 206) 63 (11, 281)
Diabetes 14 (14%) 17 21%)
Hypertension 48 (48%) 35 (44%)
RAASI treatment 89 (88%) 71 (89%)
Glucocorticoid treatment 23 (23%) 23 (29%)
Oxford S

0 26 (26%) 24 (30%)

1 75 (74%) 56 (70%)
Oxford T

0 45 (45%) 49 (61%)

1 38 (38%) 19 (24%)

2 18 (18%) 12 (15%)
Oxford C (binary)

0 76 (75%) 56 (70%)

1 25 (25%) 24 (30%)
Kidney failure status

No kidney failure 82 (81%) 66 (83%)

Kidney failure 19 (19%) 14 (18%)
Vital status

Alive 84 (83%) 71 (89%)

Dead 17 (17%) 9 (11%)

Follow up time (years)

7.9 (4.9, 13.6)

8.4 (5.7, 11.9)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone

system inhibitor; s, suppressed (cell size 5 or less)
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Table 3. Baseline characteristics of patients with IgA nephropathy by Kidney failure status

over follow up

Characteristic No kidney failure (n = 141) Kidney failure
(n=33)

Age at cohort entry (years) 42 (30, 56) 40 (32, 49)
Sex

Male 82 (55%) 19 (58%)

Female 66 (45%) 14 (42%)
Location of Residence

Winnipeg 88 (59%) 20 (61%)

QOutside of Winnipeg 60 (41%) 13 (39%)
SES Quintile

1 45 (30%) 17 (52%)

2 33 (22%) S

3 24 (16%) 6 (18%)

4 33 (22%) s

5 13 (8.8%) S
eGFR at cohort entry (mL/min/1.73 | 64 (42, 91) 34 (23, 46)
m?)

Missing 12 (8.1%) S
Proteinuria at cohort entry (g/day) 1.62 (1.03, 2.52) 2.41 (1.33,3.44)

Missing 11 (7.4%) S
Index eGFR (mL/min/1.73 m?) 61 (40, 86) 17 (11,29)

Missing 20 (14%) 6 (18%)
Index proteinuria (g/day) 0.82 (0.45, 1.82) 2.65 (2.02, 3.82)

Missing 26 (18%) 7 (21%)
Nephrology consult to biopsy (days) | 49 (8, 163) 69 (-4, 287)
Diabetes 25 (17%) 6 (18%)
Hypertension 64 (43%) 19 (58%)
RAASI treatment 134 (91%) 26 (79%)
Glucocorticoid treatment 34 (23%) 12 (36%)
Oxford S

0 38 (30%) S

1 103 (70%) S
Oxford T

0 87 (59%) 7 (21%)

1 43 (29%) 14 (42%)

2 18 (12%) 12 (36%)
Oxford C (binary)

0 111 (75%) 21 (64%)

1 37 (25%) 12 (36%)
Vital status

Alive 131 (89%) 24 (73%)

Dead 17 (11%) 9 (27%)

Follow up time (years)

8.2 (5.0, 12.5)

8.2 (5.8, 13.9)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables
SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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Table 4. Baseline characteristics of patients with IgA nephropathy by CKD stage at cohort

entry
Characteristic CKD 1 CKD 2 CKD 3 CKD 4
(n=37) (n=44) (n =60) (n=22)
Age at cohort entry (years) 29 (23, 37) 41 (30, 48) 45 (37, 55) 57 (43, 64)
Sex

Male 16 (43%) 30 (68%) 37 (62%) 12 (55%)

Female 21 (57%) 14 (32%) 23 (38%) 10 (45%)
Location of Residence

Winnipeg 23 (62%) 25 (57%) 37 (62%) 12 (55%)

QOutside of Winnipeg 14 (38%) 19 (43%) 23 (38%) 10 (45%)
SES Quintile

1 16 (43%) 13 (30%) 18 (30%) 9 (41%)

2 9 (24%) 10 (23%) 9 (15%) s

3 s 10 (23%) 12 (20%) s

4 6 (16%) s 11 (18%) s

5 s s 10 (17%) s
eGFR at cohort entry 108 (100, 116) | 76 (65, 82) 44 (35, 48) 23 (21, 26)
(mL/min/1.73 m?)

Missing s s s s
Proteinuria at cohort entry 1.86 (0.97, 1.66 (1.02, 1.75 (1.08, 1.61 (1.16,
(g/day) 2.41) 2.31) 3.09) 3.69)

Missing S S S ]

Index eGFR (mL/min/1.73 m?) | 108 (87,117) | 67 (60, 74) 38 (29, 50) 21 (14, 35)

Missing s s s s
Index proteinuria (g/day) 1.06 (0.50, 1.49 (0.66, 1.48 (0.63, 0.55 (0.38,

2.22) 2.05) 2.44) 2.20)

Missing s 9 (20%) 7 (12%) s

Nephrology consult to biopsy 98 (27, 354) 89 (15, 247) 41 (1, 162) 23 (6, 119)
(days)
Diabetes ] 7 (16%) 15 (25%) s
Hypertension 10 (27%) 15 (34%) 36 (60%) 16 (73%)
RAASI treatment 33 (89%) 40 (91%) 57 (95%) 15 (68%)
Glucocorticoid treatment 9 (24%) 9 (20%) 14 (23%) 11 (50%)
Oxford S

0 7 (19%) 13 (30%) 16 (27%) s

1 30 (81%) 31 (70%) 44 (73%)

Oxford T

0 35 (95%) 26 (59%) 16 (27%) 6 (27%)

1 s s 31 (52%) 7 (32%)

2 s s 13 (22%) 9 (41%)
Oxford C (binary)

0 27 (73%) 34 (77%) 45 (75%) 15 (68%)

1 10 (27%) 10 (23%) 15 (25%) 7 (32%)
Kidney failure status

No kidney failure s 44 (73%) 12 (55%)

Kidney failure 16 (27%) 10 (45%)
Vital status
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Alive ] s 53 (88%) 14 (64%)
Dead s s 7 (12%) 8 (36%)
Follow up time (years) 8.4(6.2,13.6) | 7.8 (4.7,10.8) | 7.3 (4.9,10.7) 8.1 (4.0,
12.0)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables
SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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Table 5. Baseline characteristics of patients with IgA nephropathy by location of residence

at cohort entry

Characteristic Out of Winnipeg Winnipeg
n=73) (n=108)

Age at cohort entry (years) 41 (31, 58) 42 (31, 52)
Sex

Male 43 (59%) 58 (54%)

Female 30 (41%) 50 (46%)
SES Quintile

1 32 (44%) 30 (28%)

2 13 (18%) 23 21%)

3 9 (12%) 21 (19%)

4 9 (12%) 27 (25%)

5 10 (14%) 7 (6.5%)
eGFR at cohort entry (mL/min/1.73 58 (31, 84) 58 (37, 87)
m?)

Missing 9 (8.3%) s
Proteinuria at cohort entry (g/day) 1.62 (1.03, 2.86) 1.76 (1.10, 2.95)

Missing 11 (10%) S
Index eGFR (mL/min/1.73 m?) 54 (31, 82) 50 (31, 81)

Missing 19 (18%) 7 (9.6%)
Index proteinuria (g/day) 1.15 (0.50, 2.02) 1.23 (0.55, 2.44)

Missing 18 (17%) 15 (21%)
Nephrology consult to biopsy (days) 50 (8, 255) 48 (8, 191)
Diabetes 12 (16%) 19 (18%)
Hypertension 34 (47%) 49 (45%)
RAASI treatment 62 (85%) 98 (91%)
Glucocorticoid treatment 18 (25%) 28 (26%)
Oxford S

0 16 (22%) 34 (31%)

1 57 (78%) 74 (69%)
Oxford T

0 37 (51%) 57 (53%)

1 21 (29%) 36 (33%)

2 15 (21%) 15 (14%)
Oxford C (binary)

0 52 (71%) 80 (74%)

1 21 (29%) 28 (26%)
Kidney failure status

No kidney failure 60 (82%) 88 (81%)

Kidney failure 13 (18%) 20 (19%)
Vital status

Alive 58 (79%) 97 (90%)

Dead 15 (21%) 11 (10%)
Follow up time (years) 7.4 (4.5,9.9) 9.1(5.7,13.8)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone

system inhibitor; s, suppressed (cell size 5 or less)
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Table 6. Baseline characteristics of patients with IgA nephropathy by SES quintile at

cohort entry

Characteristic 1 (n=62) 2 (n =36) 3 (n=230) 4 (n =36) S5(n=17)
Age at cohort entry 39 (29, 52) 44 (32, 58) 42 (34,54) | 46(33,54) |39(29,57)
(years)

Sex

Male 29 (47%) 18 (50%) 19 (63%) 22 (61%) s

Female 33 (53%) 18 (50%) 11 (37%) 14 (39%) s
Location of Residence

Winnipeg 32 (52%) 13 (36%) 9 (30%) 9 (25%) 10 (59%)
Qutside of Winnipeg 30 (48%) 23 (64%) 21 (70%) 27 (75%) 7 (41%)
eGFR at cohort entry 59 (31,91) 66 (43,91) 58 (45,80) | 47(30,79) |43(33,62)
(mL/min/1.73 m?)

Missing s s s s ]
Proteinuria at cohort 1.92 (1.17, 1.84 (1.10, 1.57 (1.06, 1.75 (0.87, 1.48 (0.97,
entry (g/day) 3.32) 2.63) 2.26) 4.39) 1.95)

Missing s s s s s
Index eGFR 52 (25, 86) 50(32,92) 58(30,71) |62(34,80) |41(32,77)
(mL/min/1.73 m?)

Missing 8 (13%) s s s S
Index proteinuria 1.48 (0.55, 1.63 (0.74, 1.10 (0.45, 0.66 (0.29, 1.36 (0.60,
(g/day) 2.67) 2.24) 2.09) 2.05) 1.67)

Missing 13 (21%) s s s S
Nephrology consult to 38 (9, 175) 48 (3, 421) 96 (13,214) | 52(8,312) | 41 (-4,
biopsy (days) 171)
Diabetes 13 (21%) 7 (19%) 15 (25%) s s
Hypertension 32 (52%) 13 (36%) 15 (50%) 15 (42%) 8 (47%)
RAAS:I treatment 51 (82%) 32 (89%) 26 (87%) 35 (97%) 16 (94%)
Glucocorticoid 18 (29%) 7 (19%) s 12 (33%) s
treatment
Oxford S

0 15 (24%) 15 (42%) 8 (27%) 9 (25%) s

1 47 (76%) 21 (58%) 22 (73%) 27 (75%) s
Oxford T

0 34 (55%) 21 (58%) 16 (53%) 18 (50%) s

1 14 (23%) 11 (31%) 11 (37%) 14 (39%) 7 (41%)

2 14 (23%) s s s s
Oxford C (binary)

0 47 (76%) 25 (69%) 21 (70%) 24 (67%) s

1 15 (24%) 11 (31%) 9 (30%) 12 (33%) s
Kidney failure status

No kidney failure 45 (73%) 24 (80%) s s

Kidney failure 17 (27%) 6 (20%) s s
Vital status

Alive 52 (84%) 29 (81%) s s s

Dead 10 (16%) 7 (19%) S S ]

Follow up time (years) | 7.6(5.2,10.6) | 7.8 (4.4, 8.0 (5.7, 11.0 (5.5, 8.4 (5.7,
11.2) 13.9) 15.4) 12.7)
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Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables
SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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Table 7. Coefficients and standard errors from parsimonious mixed-effects linear
regression model for eGFR.

Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 54.67 1.71 51.32, 58.02 <0.001
Time -4.08 0.90 -5.84, -2.32 <0.001
Index eGFR 0.96 0.019 0.92, 1.00 <0.001
Index Proteinuria -0.50 0.43 -1.34,0.34 0.251
Age -0.096 0.040 -0.17,-0.018 0.018
Sex -0.20 1.16 -2.47,2.07 0.860
Index proteinuria*time -1.47 0.66 -2.76, -0.18 0.009
Index eGFR*time -0.0090 0.027 -0.062, 0.044 0.743
SD(Intercept|Patient) 6.21

SD(Time|Patient) 9.86

SD(Observations) 7.29

AIC 145534
BIC 145629
Marginal R? 0.81
Conditional R? 0.95
RMSE 7.25

Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 8. Coefficients and standard errors from treatment and trajectory mixed-effects
linear regression model for eGFR.

Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 53.63 1.85 50.00, 57.26 <0.001
Time -4.43 1.18 -6.74, -2.12 <0.001
Index eGFR 0.96 0.021 0.92, 1.00 <0.001
Index Proteinuria -0.73 0.48 -1.67,0.21 0.134
Age -0.078 0.043 -0.16, 0.01 0.071
Sex -0.32 1.23 -2.73,2.09 0.793
Delta-proteinuria 0.092 0.24 -0.38, 0.56 0.698
Delta-eGFR 0.057 0.043 -0.027, 0.14 0.191
Duration of time to 0.0016 0.00075 -0.00013, 0.030
biopsy (days) 0.0031

Corticosteroids 1.73 1.33 -0.88, 4.34 0.195
Index proteinuria*time -1.72 0.72 -3.13,-0.31 0.016
Index eGFR*time -0.011 0.030 -0.070, 0.048 0.709
Steroids*time 0.86 2.04 -3.14,4.86 0.674
SD(Intercept|Patient) 6.08

SD(Time|Patient) 11.236

SD(Observations) 7.31

AIC 145082
BIC 145217
Marginal R? 0.81
Conditional R? 0.95
RMSE 7.31

Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 9. Coefficients and standard errors from full clinical mixed-effects linear regression

model for eGFR.
Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 52.90 2.00 48.98, 56.82 <0.001
Time -5.29 1.42 -8.07,-2.51 <0.001
Index eGFR 0.96 0.021 0.92, 1.00 <0.001
Index Proteinuria -0.86 0.50 -1.84,0.12 0.090
Age -0.086 0.046 -0.18, 0.004 0.065
Sex -0.35 1.24 -2.78,2.08 0.781
Delta-proteinuria 0.10 0.24 -0.37, 0.57 0.673
Delta-eGFR 0.076 0.046 -0.014, 0.17 0.101
Duration of time to 0.0018 0.00077 | 0.00029, 0.0033 0.021
biopsy (days)
Corticosteroids 1.60 1.35 -1.05, 4.25 0.238
Hypertension 1.38 1.32 -1.21,3.97 0.298
Diabetes -0.70 1.73 -4.09, 2.69 0.688
Index proteinuria*time -1.92 0.74 -3.37,-0.47 0.009
Index eGFR*time -0.013 0.030 -0.072, 0.046 0.661
Delta-eGFR*time -0.073 0.067 -0.20, 0.059 0.274
Steroids*time 0.12 2.15 -4.09, 4.33 0.954
SD(Intercept|Patient) 6.31
SD(Time|Patient) 10.24
SD(Observations) 7.35
AIC 145084
BIC 145243
Marginal R? 0.80
Conditional R? 0.95
RMSE 7.31

Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 10. Coefficients and standard errors from full clinicopathological mixed-effects linear
regression model for eGFR.

Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 51.38 2.53 46.42, 56.34 <0.001
Time -1.66 241 -6.38, 3.06 0.491
Index eGFR 0.96 0.024 0.91, 1.00 <0.001
Index Proteinuria -0.97 0.50 -1.95, 0.01 0.058
Age -0.079 0.046 -0.17,0.011 0.092
Sex -0.39 1.26 -2.86, 2.08 0.755
Delta-proteinuria 0.044 0.24 -0.43, 0.51 0.856
Delta-eGFR 0.076 0.048 -0.018, 0.17 0.115
Duration of time to 0.0019 0.00079 | 0.00035, 0.0034 0.020
biopsy (days)

Corticosteroids 1.48 1.44 -1.34, 4.30 0.305
Hypertension 1.54 1.33 -1.07,4.15 0.249
Diabetes -0.85 1.84 -4.46,2.76 0.646
Oxford S 2.59 1.40 -0.15,5.33 0.066
Oxford T1 -0.37 1.52 -3.35,2.61 0.810
Oxford T2 -0.69 1.93 -4.47, 3.09 0.736
Oxford C1 or 2 -0.37 1.54 -3.39, 2.65 0.813
Index proteinuria*time -1.78 0.74 -3.23,-0.33 0.016
Index eGFR*time -0.028 0.033 -0.093, 0.037 0.404
Steroids*time 1.84 2.25 -2.57,6.25 0.414
Delta-eGFR*time 0.087 0.069 -0.048, 0.22 0.207
Oxford S*time -2.35 2.17 -6.60, 1.90 0.279
Oxford T1*time -1.34 2.26 -5.77, 3.09 0.553
Oxford T2*time -4.38 2.98 -10.22, 1.46 0.142
Oxford C*time -4.61 2.32 -9.16, -0.063 0.047
SD(Intercept|Patient) 6.31

SD(Time|Patient) 10.05

SD(Observations) 7.35

AIC 145063
BIC 145286
Marginal R? 0.80
Conditional R? 0.95
RMSE 7.31

Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 11. Coefficients and standard errors from parsimonious mixed-effects linear
regression model for eGFR by era.

Predictor Era 1 (2002 to 2008) Era 2 (2009 to 2014) Era 3 (2015 to 2020)
Marginal Intercept 52.24 55.60 53.67
(3.98) (3.28) (2.80)
Time -7.30 -3.56 -3.37
(1.36) (1.26) (1.62)
Index eGFR 0.99 0.96 0.96
(0.040) (0.041) (0.028)
Index Proteinuria -1.74 -0.29 -0.49
(1.22) (0.76) (0.65)
Age -0.059 -0.104 -0.091
(0.091) (0.078) (0.062)
Sex 0.343 -0.72 0.74
(2.67) (2.16) (1.88)
Index proteinuria*time -3.14 -0.74 -2.32
(1.06) (0.90) (1.18)
Index eGFR*time 0.027 0.015 -0.028
(0.035) (0.045) (0.048)
SD(Intercept|Patient) 5.30 6.70 6.46
SD(Time|Patient) 5.15 7.99 12.31
SD(Observations) 6.42 5.85 8.37
AIC 22841 48133 78328
BIC 22915 48216 78415
Marginal R? 0.92 0.80 0.77
Conditional R? 0.96 0.96 0.94
RMSE 6.37 5.81 8.32

Data are presented as coefficient (standard error)
Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 12. Coefficients and standard errors from full clinicopathological mixed-effects linear
regression model for eGFR by era.

Predictor Era 1 (2002 to 2008) Era 2 (2009 to 2014) Era 3 (2015 to 2020)
Marginal Intercept 42.56 47.84 52.53
(10.27) (4.95) (3.95)
Time -1.90 0.48 -3.12
(3.00) (2.95) (5.02)
Index eGFR 0.92 0.96 0.94
(0.11) (0.051) (0.031)
Index Proteinuria -7.01 -1.28 -1.083
(3.77) (0.99) (0.68)
Age -0.25 -0.082 -0.098
(0.19) (0.096) (0.063)
Sex 3.64 0.22 -0.66
(7.04) (2.31) (1.91)
Delta-proteinuria 2.11 0.056 1.09
(1.67) (0.30) (0.59)
Delta-eGFR -0.053 0.29 -0.014
(0.12) (0.092) (0.074)
Duration of time to 0.003 0.001 0.005
biopsy (days) (0.003) (0.001) (0.001)
Corticosteroids 4.08 3.58 2.06
(4.70) (2.65) (2.29)
Hypertension -9.18 0.51 2.13
(6.57) (2.51) (1.90)
Diabetes 15.54 0.12 1.14
(10.99) (3.29) (2.64)
Oxford S 5.48 0.28 2.64
(5.09) (2.67) (2.19)
Oxford T1 9.57 1.33 0.46
(8.87) (2.98) (2.29)
Oxford T2 - 4.37 -0.69
(4.96) (4.72)
Oxford C1 or 2 -3.20 -3.40 1.49
(4.45) (2.95) (2.41)
Index proteinuria*time -1.49 -0.82 -2.79
(1.24) (1.09) (1.26)
Index eGFR*time 0.009 -0.010 -0.046
(0.044) (0.054) (0.057)
Steroids*time 2.98 -2.23 4.61
(2.23) (2.97) (4.58)
Delta-eGFR *time -0.066 0.081 0.13
(0.060) (0.098) (0.14)
Oxford S*time -0.14 -2.76 1.59
(2.74) (3.07) (4.36)
Oxford T1*time -1.45 -3.17 1.30
(2.47) (3.34) (4.26)
Oxford T2*time - -12.64 -3.76
(5.44) (4.72)
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Oxford C*time -8.82 -0.75 -5.04

(2.34) (3.48) (4.28)
SD(Intercept|Patient) 5.79 6.57 6.14
SD(Time|Patient) 3.56 7.86 12.76
SD(Observations) 6.44 5.84 8.45
AIC 20545 46948 76304
BIC 20702 47141 76508
Marginal R? 0.80 0.74
Conditional R? 0.96 0.94
RMSE 6.40 5.80 8.40

Data are presented as coefficient (standard error)

Values that are statistically significant at o = .05 are presented in bold

Continuous covariates are mean-centred
Note that no patients in Era 1 have IFTA =2
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Table 13. Coefficients and standard errors from parsimonious mixed-effects linear
regression model for eGFR using imputed datasets.

Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 54.97 1.14 52.74, 57.20 <0.001
Time -4.13 0.79 -5.68, -2.58 <0.001
Index eGFR 0.94 0.029 0.88, 1.00 <0.001
Index Proteinuria 0.22 0.65 -1.05, 1.49 0.73
Age 0.008 0.064 -0.12,0.13 0.90
Sex -1.33 1.74 -4.74, 2.08 0.45
Index proteinuria*time -1.42 0.57 -2.54,-0.30 0.01
Index eGFR*time 0.0046 0.024 -0.042, 0.052 0.85
SD(Intercept|Patient) 11.11

SD(Time|Patient) 10.05

SD(Observations) 7.07

AIC 171685
BIC 171782
Marginal R? 0.74
Conditional R? 0.95
RMSE 7.02

Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 14. Coefficients and standard errors from full clinicopathological mixed-effects linear
regression model for eGFR using imputed datasets.

Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 54.80 3.69 47.57, 62.03 <0.001
Time -0.19 2.15 -4.40, 4.02 0.928
Index eGFR 0.92 0.034 0.85, 0.99 <0.001
Index Proteinuria -0.48 0.73 -1.91, 0.95 0.514
Age -0.053 0.068 -0.19, 0.080 0.432
Sex -1.28 1.75 -4.71.2.15 0.466
Delta-proteinuria 0.28 0.37 -0.45, 1.00 0.455
Delta-eGFR -0.0076 0.069 -0.14,0.13 0.913
Duration of time to 0.00043 0.00087 | -0.0013,0.0021 0.618
biopsy (days)

Corticosteroids 1.49 2.15 -2.72,5.70 0.488
Hypertension 1.94 1.86 -1.71, 5.59 0.300
Diabetes 1.41 2.40 -3.29, 6.11 0.557
Oxford S 0.26 1.99 -3.64,4.16 0.896
Oxford T1 -1.53 2.21 -5.86, 2.80 0.491
Oxford T2 -2.87 2.78 -8.32,2.58 0.304
Oxford C1 or 2 242 2.23 -1.95,6.79 0.280
Index proteinuria*time -1.39 0.63 -2.62,-0.16 0.028
Index eGFR*time -0.047 0.029 -0.10, 0.0098 0.104
Steroids*time 1.84 2.03 -2.14,5.82 0.366
Delta-eGFR*time 0.0052 0.062 -0.12,0.13 0.933
Oxford S*time -3.76 1.84 -7.37,-0.15 0.041
Oxford T1*time -2.01 2.05 -6.03, 2.01 0.327
Oxford T2*time -4.89 2.65 -10.08, 0.30 0.065
Oxford C*time -1.97 2.05 -5.99, 2.05 0.338
SD(Intercept|Patient) 10.89

SD(Time|Patient) 10.35

SD(Observations) 7.07

AIC 171097
BIC 171325
Marginal R? 0.70
Conditional R? 0.95
RMSE 7.03

Values that are statistically significant at o = .05 are presented in bold
Continuous covariates are mean-centred
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Table 15. Summary of observed and predicted eGFR slopes

Statistic | Conditional | Marginal Overall Eral Era2 Era3
predicted predicted observed observed observed observed
(n=137) (n=137) (n=181) (n=36) (n=55) (n=90)
Mean -3.93(10.01) | -3.99 (2.39) -5.07 (12.70) | -4.68 (8.82) | -5.15(11.50) | -5.18
(SD) (14.60)
Median | -3.87 -3.41 -4.04 -4.04 -4.74 -2.88
(IQR) (-8.88,1.17) | (-5.16,-2.21) | (-10.10, 1.14) | (-10.60, (-9.41,0.77) | (-9.39,
0.49) 1.50)
Range | -44.31,33.44 | -14.93,-1.13 | -69.0, 35.1 -23.0,21.6 -50.8, 15.2 -69.0, 35.1

SD, standard deviation; IQR, interquartile range

Table 16. Apparent performance metrics for eGFR slope predictions generated from each

model.

Metric Parsimonious Treatment and Full Clinical Full Clinicopathologic
trajectory

Conditional
RMSE 6.41 6.54 6.31 6.93
Correlation 0.88 0.88 0.88 0.87
Calibration slope | 1.15 (1.04, 1.26) 1.14 (1.03, 1.26) | 1.14 (1.04, 1.14 (1.02, 1.26)
(95% CI) 1.25)
Within 1 88% 83% 69% 74%
mL/min/year
Marginal
RMSE 12.31 12.69 12.65 12.60
Correlation 0.30 0.28 0.28 0.31
Calibration slope | 1.58 (0.71, 2.44) 1.55 (0.60, 2.51) | 1.39 (0.54, 1.19 (0.54, 1.84)
(95% CI) 2.25)
Within 1 11% 10% 14% 10%
mL/min/year

RMSE, root mean squared error; CI, confidence interval

Table 17. Apparent performance metrics for eGFR slope predictions generated from each
model using imputed datasets.

Metric | Parsimonious | Full Clinicopathologic
Conditional

RMSE 8.96 11.20

Correlation 0.79 0.79

Calibration slope (95% CI) | 1.15(1.02, 1.28) 1.33 (1.18, 1.49)
Within 1 77% 78%

Marginal

RMSE 14.09 17.11

Correlation 0.18 0.14
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Calibration slope (95% CI)

1.23 (0.24, 2.24)

1.03 (-0.04, 2.10)

Within 1

11%

11%

RMSE, root mean squared error; CI, confidence interval

Table 18. Apparent and cross-validated performance metrics of eGFR slope prediction
model (parsimonious model, conditional predictions)

Performance Apparent Standard Cross-validated Standard Optimism
metric performance error performance deviation

RMSE 6.41 12.11 5.40 5.70
Pearson 0.88 -0.15 0.24 1.03
correlation

Calibration slope | 1.14 0.11 0.79 21.92 0.35

RMSE, root mean squared error

Table 19. Apparent and cross-validated performance metrics of eGFR slope prediction
model (parsimonious model, marginal predictions)

Performance Apparent Standard Cross-validated Standard Optimism
metric performance error performance deviation

RMSE 12.31 11.98 4.69 0.33
Pearson 0.30 0.24 0.46 0.06
correlation

Calibration slope | 1.58 0.44 1.89 3.88 0.31

RMSE, root mean squared error
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Table 20. Coefficients and standard errors from parsimonious mixed-effects linear
regression model for eGFR fit with variance components variance-covariance structure.

Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 54.44 1.71 51.09, 57.79 <0.001
Time -4.07 0.90 -5.83,-2.31 <0.001
Index eGFR 0.96 0.019 0.92,1.00 <0.001
Index Proteinuria -0.49 0.43 -1.33, 0.35 0.251
Age -0.092 0.040 -0.17,-0.014 0.018
Sex -0.038 1.16 -2.31,2.24 0.860
Index proteinuria*time -1.73 0.67 -3.04, -0.42 0.009
Index eGFR*time -0.0093 0.028 -0.064, 0.046 0.743
SD(Intercept|Patient) 6.21
SD(Time|Patient) 9.88
SD(Observations) 7.29
AIC 150469
BIC 150558
Marginal R? 0.81
Conditional R? 0.95
RMSE 7.25
Values that are statistically significant at o = .05 are presented in bold
Table 21. Coefficients and standard errors from parsimonious mixed-effects linear
regression model for eGFR fit with index date set at 180 days post-kidney biopsy.
Predictor Coefficient Standard error 95% CI p-value
Marginal Intercept 56.98 1.66 53.73, 60.23 <0.001
Time -4.80 0.84 -6.45, -3.15 <0.001
Index eGFR 0.97 0.019 0.93,1.00 <0.001
Index Proteinuria -1.01 0.34 -1.68, -0.34 0.004
Age 0.057 0.039 -0.019, 0.13 0.147
Sex 0.29 1.12 -1.91,2.49 0.798
Index proteinuria*time -1.70 0.51 -2.70, -0.70 0.001
Index eGFR*time -0.012 0.025 -0.061, 0.037 0.637
SD(Intercept|Patient) 6.34
SD(Time|Patient) 10.01
SD(Observations) 9.16
AIC 205910
BIC 206009
Marginal R? 0.82
Conditional R? 0.93
RMSE 9.12

Values that are statistically significant at o = .05 are presented in bold
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Figure 4. Cohort Flow Diagram
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Calibration Plot of Predicted vs Empirical Slopes (Parsimonious Model)
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Figure 7. Calibration plot of conditional predicted versus observed eGFR slopes from the
Parsimonious Model
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Figure 8. Bland—Altman analysis of conditional predicted versus observed eGFR slopes
(Parsimonious Model)
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Calibration Plot of Marginal Predicted vs Empirical Slopes (Parsimonious Model)
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Figure 9. Calibration plot of marginal predicted versus observed eGFR slopes from the
Parsimonious Model

Bland-Altman Plot: Marginal Predicted vs. Empirical eGFR Slopes (Parsimonious Model)
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Figure 10. Bland—Altman analysis of marginal predicted versus observed eGFR slopes
(Parsimonious Model)
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Density Plot of Predicted vs Empirical Slopes (Parsimonious Model)
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Figure 11. Density plot of conditional and marginal predicted versus observed eGFR slopes from
Parsimonious Model
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Figure 12. Calibration plot of conditional predicted versus observed eGFR slopes from the
Treatment and Trajectory Model
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Bland-Altman Plot: Predicted vs. Empirical eGFR Slopes (Treatment and Trajectory Model)
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Figure 13. Bland-Altman analysis of conditional predicted versus observed eGFR slopes
(Treatment and Trajectory Model)

Calibration Plot of Marginal Predicted vs Empirical Slopes (Treatment and Trajectory Model)
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Figure 14. Calibration plot of marginal predicted versus observed eGFR slopes from the Treatment
and Trajectory Model
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Figure 15. Bland—-Altman analysis of marginal predicted versus observed eGFR slopes (Treatment

and Trajectory Model)
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Figure 16. Density plot of conditional and marginal predicted versus observed eGFR slopes from

Treatment and Trajectory Model (complete cases)
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Calibration Plot of Predicted vs Empirical Slopes (Full Clinical Model)
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Figure 17. Calibration plot of conditional predicted versus observed eGFR slopes from the Full
Clinical Model
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Figure 18. Bland—Altman analysis of conditional predicted versus observed eGFR slopes (Full
Clinical Model)
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Calibration Plot of Marginal Predicted vs Empirical Slopes (Full Clinical Model)
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Figure 19. Calibration plot of marginal predicted versus observed eGFR slopes from the Full

Clinical Model

Bland-Altman Plot: Marginal Predicted vs. Empirical eGFR Slopes (Full Clinical Model)
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Figure 20. Bland—Altman analysis of marginal predicted versus observed eGFR slopes (Full

Clinical Model)
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Density Plot of Predicted vs Empirical Slopes (Full Clinical Model)
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Figure 21. Density plot of conditional and marginal predicted versus observed eGFR slopes from
Full Clinical Model (complete cases)
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Figure 22. Calibration plot of conditional predicted versus observed eGFR slopes from the Full
Clinicopathologic Model
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Bland-Altman Plot: Predicted vs. Empirical eGFR Slopes (Full Clinicopathologic Model)

5
5
E .
w .
- — — — = Mean difference
g
2 e 5% limits of agreement
820
g
£ APRSURURTUIRSTI ARSI HORN
a . .
. e 8 em cet, . M
e Sl
-40 -20 0 20

Mean of Predicted and Empirical Slopes

Figure 23. Bland—Altman analysis of conditional predicted versus observed eGFR slopes (Full
Clinicopathologic Model)
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Figure 24. Calibration plot of marginal predicted versus observed eGFR slopes from the Full
Clinicopathologic Model
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Bland-Altman Plot: Marginal Predicted vs. Empirical eGFR Slopes (Full Clinicopathologic Model)
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Figure 25. Bland—Altman analysis of marginal predicted versus observed eGFR slopes (Full
Clinicopathologic Model)
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Figure 26. Density plot of conditional and marginal predicted versus observed eGFR slopes from
Full Clinicopathologic Model (complete cases)
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Calibration Plot of Predicted vs Empirical Slopes (Parsimonious Model using imputed datasets)
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Figure 27. Calibration plot of conditional predicted versus observed eGFR slopes from the
Parsimonious Model (imputed datasets)

Bland-Altman Plot: Predicted vs. Empirical eGFR Slopes (Parsimonious Model using imputed data)
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Figure 28. Bland—Altman analysis of conditional predicted versus observed eGFR slopes
(Parsimonious Model, imputed datasets)
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Density Plot of Predicted vs Empirical Slopes (Parsimonious Model, Imputed Datasets)

02 ‘ ‘
I;‘ | Type
Observed slope

D Predicted slope (conditional)
| Predicted slope (marginal)

Density

00

-75 -50 -25 Sope 0 25 50
Figure 29. Density plot of conditional and marginal predicted versus observed eGFR slopes from

Parsimonious Model (Imputed datasets)

Calibration Plot of Predicted vs Empirical Slopes (Full Clinicopathologic Model, Imputed Datasets)
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Figure 30. Calibration plot of conditional predicted versus observed eGFR slopes from the Full
Clinicopathologic Model (imputed datasets)
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Bland-Altman Plot: Predicted vs. Empirical eGFR Slopes (Full Clinicopathologic Model, Imputed Datasets)
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Figure 31. Bland—-Altman analysis of conditional predicted versus observed eGFR slopes (Full
Clinicopathologic Model, imputed datasets)
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Figure 32. Density plot of conditional and marginal predicted versus observed eGFR slopes from
Full Clinicopathologic Model (Imputed datasets)
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Calibration Plot of Predicted vs Empirical Slopes (Parsimonious Model with Index 180 Days Post Biopsy)
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Figure 33. Calibration plot of conditional predicted versus observed eGFR slopes from the
Parsimonious Model (index date 180 days post-biopsy)

Bland-Altman Plot: Predicted vs. Empirical eGFR Slopes (Parsimonious Model with Index 180 Days Post Biopsy)
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Figure 34. Bland—Altman analysis of conditional predicted versus observed eGFR slopes
(Parsimonious Model, index date 180 days post-biopsy)
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Calibration Plot of Marginal Predicted vs Empirical Slopes (Parsimonious Model with Index 180 Days Post Biopsy)
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Figure 35. Calibration plot of marginal predicted versus observed eGFR slopes from the
Parsimonious Model (index date 180 days post-biopsy)

Bland-Altman Plot: Marginal Predicted vs. Empirical eGFR Slopes (Parsimonious Model with Index 180 Days Post Biopsy)
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Figure 36. Bland—Altman analysis of marginal predicted versus observed eGFR slopes
(Parsimonious Model, index date 180 days post-biopsy)
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Density Plot of Predicted vs Empirical Slopes (Parsimonious Model with Index 180 Days Post Biopsy)
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Figure 37. Density plot of conditional and marginal predicted versus observed eGFR slopes from
Parsimonious Model With index 180 days post-biopsy
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Supplementary Tables

Supplementary Table 1. Data collected in the Manitoba Glomerular Diseases Registry

Data Type Possible values / Usual range of values
Personal Health Identification numeric | 9-digit number
Number
Last name text 1 or 2 names
First name text 1 or 2 names
Date of birth numeric DD/MM/YYYY
Age numeric Up to 3-digit number
Date biopsy collected / resultreceived | numeric | DD/MM/YYYY
Diagnosis text variable
Cores numeric 1-5
Total glomeruli numeric 0-50
Sclerosed glomeruli numeric | 0-50
Glomeruli with segmental sclerosis numeric | 0-50
Glomeruli with fibrinoid necrosis numeric 0-50
Glomeruli with cellular crescents numeric 0-50
Glomeruli with fibrocellular crescents | numeric 0-50
Glomeruli with fibrous crescents numeric | 0-50
IFTA (interstitial fibrosis and tubular numeric 0%-100% or [mild, patchy, moderate, diffuse,
atrophy) or text significant]
Intimal fibrosis text no, yes, mild, moderate, severe
Vasculitis binary no, yes
Immunofluorescence binary no, yes
IgeG text trace, 1+. 2+. 3+, +/-
IgA text trace, 1+. 2+. 3+, +/-
IgM text trace, 1+. 2+. 3+, +/-
AHlg text trace, 1+. 2+, 3+, +/-
C3 text trace, 1+. 2+, 3+, +/-
Clq text trace, 1+. 2+. 3+, +/-
Fibrinogen text trace, 1+. 2+. 3+, +/-
Kappa text trace, 1+, 2+, 3+, +/-
Lambda text trace, 1+. 2+, 3+, +/-
Foot Process Effacement (FPE) text no, yes, mild, moderate, focal, extensive, diffuse,
widespread, severe

Subepithelial deposits binary no, yes
Subendothelial deposits binary no, yes
Intramembranous deposits binary no, yes
Mesangial deposits binary no, yes
PLA2R binary negative, positive
Oxford M/E/S/T/C numeric 0,1,2
Lupus class roman LIL L IV, V

num.
Lupus Al (activity index) numeric | 0-24
Lupus CI (chronicity index) numeric | 0-12
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Supplementary Table 2. List of study databases

Database Study Years Da.ta Data Fields/Variables Description
Provider
Shared Health | January 1, 2002 to Diagnostic e Scrambled PHIN Laboratory
Diagnostic December 31, 2023 | Services, e Lab Results — tests and
Services IS{}::?I(:}? Chemistry/Hematology results
e Date of Collection
e Test Description
e Test Numeric Results
Hospital January 1, 2002 to Manitoba e Scrambled PHIN Hospital
Discharge December 31, 2023 Hea_lth, e Admission Date discharge
Abstracts ier:}ors and e Scparation Date data
LlciI:I\l,; e Diagnosis Codes
e Intervention Codes
e Intervention Dates
e Length of Stay
Manitoba January 1, 2002 to Manitoba e Scrambled PHIN Patient
Health December 31, 2023 | Health, e Sex registry and
Insu.rance Sen.iors and e Date of Birth provincial
Registry Active health
Living * Coverage Dates insurance
(start/end) coverage
e Reason for Coverage dates
Cancellation
e Postal Code
e  Municipality Code
Medical January 1, 2002 to Manitoba e Scrambled PHIN Physician
ISJIealjth December 31, 2023 Is{ea.lth, ; e Date of Service claims data
S Semorand | msircoc
Living e Diagnosis Code
e Specialty Sub-bloc
e Number of Services
Provided
e Physician type /
specialty
Drug Program | January 1, 2002 to Manitoba e Scrambled PHIN Drug
Information December 31, 2023 Hea-lth, e Date Prescription prescriptions
Network ien}ors and Provided
Lf\:::l/; e Days Supplied
e DIN

105




Dosage (Strength)
ATC Code

Drug Cost Claimed
Drug Cost Paid
Product Description
Product Name

Manitoba
Glomerular
Diseases
Registry

January 1, 2002 to
December 31, 2021

Diagnostic
Services,
Shared
Health

See Supplementary
Table 1

Information
on all
incident GN
biopsies
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Supplementary Table 3. Definitions of nephrology visit, dialysis, kidney transplantation,

and comorbidities

Medical Health Services Claims Tariff
Variable Codes

Hospital Discharge
Abstracts Diagnosis Codes

Nephrology Visit The first code from the following list:
8595, 8550, 8540
arising from bloc 016

Dialysis 2 or more codes from the following list:
9798, 9799, 9801, 9802, 9805, 9806,
9807, 9814, 9819, 9820, 9821, 3792,
3790, 3793, 3794, 3800, 3801, 3803,
3804, 3804, 9610

Transplantation 1 tariff code or diagnosis code

5883

ICD-9-CM: 556
ICD-10-CA: 1PC85, 10K85,
556

Hypertension 1 hospital diagnosis or 2 outpatient claims within

2 years

ICD-9-CM: 401, 402, 403,
404, 405

ICD-10-CA: 110, 111, 112, 113,
I15

Diabetes 1 hospital diagnosis or 2 outpatient claims within

2 years

ICD-9-CM: 250
ICD-10-CA: E10, E11, E13,
El4

Supplementary Table 4. Anatomical therapeutic chemical (ATC) codes for medications

Medication Type

ATC Codes

Antihypertensives (antiadrenergic agents, diuretics, beta blocking agents,
and calcium channel blockers)

C02, C03, C07, CO8

Angiotensin-converting enzyme inhibitor / angiotensin receptor blocker

(ACEi/ ARB) €09
Statins CI10AA, C10B
Glucocorticoids HO02
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Supplementary Table 5. Clinical and pathological variables included as fixed effects

Variable type Variable Level of Unit Data
Measurement source
Demographics Age Continuous Years Registry
Sex Binary Male-female Registry
Clinical Time to biopsy | Continuous Days SMHSC
Laboratory Proteinuria Continuous grams per day SHDS*
measurements Delta- Continuous or Index:biopsy ratio SHDS
proteinuria categorical Index-biopsy
Improving/stable/worsening
Index eGFR* Continuous mL/min/1.73 m? SHDS
Delta-eGFR Continuous Index eGFR — biopsy eGFR | SHDS
Medication Glucocorticoids | Binary Yes/no DPIN*
prescription RAASi® Binary Yes/no DPIN
Comorbidities Hypertension Binary Yes/no MHSC
Diabetes Binary Yes/no MHSC
mellitus
Pathological Oxford M Binary M1/MO Registry
features Oxford E Binary E1/E0 Registry
Oxford S Binary S1/S0 Registry
Oxford T Categorical T2/T1/TO Registry
Oxford C Categorical C2/C1/C0 Registry

*eGFR, estimated glomerular filtration rate

&RAASI, renin-angiotensin aldosterone system inhibitors

SMHSC, Manitoba Health Services Claims
ASHDS, Shared Health Diagnostic Services
*DPIN, Drug Program Information Network
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Supplementary Table 6. Definition and scoring of the Oxford classification system in IgA

nephropathy

Pathological variable

Definition

Scoring system

Mesangial hypercellularity

>4 mesangial cells in any
mesangial area of a

glomerulus

MO (<50% of glomeruli
showing mesangial
hypercellularity

M1 (>50% of glomeruli

showing mesangial

hypercellularity
Endocapillary Hypercellularity due to EO (no endocapillary
hypercellularity increased number of cells hypercellularity)
within capillary lumina El (any glomeruli showing
endocapillary
hypercellularity)
Segmental sclerosis Adhesion or sclerosis in part | SO (absent)

but not the whole glomerular

S1 (present in any glomeruli)

tuft
Tubular atrophy and Estimated percentage of T0 0-25%
interstitial fibrosis cortical area showing tubular | T1 26-50%
atrophy or interstitial fibrosis, | T2 >50%
whichever is greater
Cellular/fibrocellular Cellular or fibrocellular CO (absent)
crescents crescents C1 (present in at least one
glomerulus)
C2 (present in >25% of
glomeruli)
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Supplementary Table 7. Summary of candidate models for eGFR slope and their covariates

Model Candidate covariates Interaction terms (with time)
Parsimonious model Index eGFR Index eGFR
Index Proteinuria Index Proteinuria
Age
Sex
Treatment and trajectory Model A and Index eGFR
model Delta-proteinuria Index Proteinuria
Delta-eGFR Treatment with RAASI
Time to biopsy Treatment with steroids
Treatment with RAASI
Treatment with steroids
Full clinical model Model B and Index eGFR
Hypertension Index Proteinuria
Diabetes Treatment with RAASI
Treatment with steroids
Full clinicopathologic model | Model C and Index eGFR
Oxford S Index Proteinuria
Oxford T Treatment with RAASI
Oxford C Treatment with steroids

Oxford S
Oxford T
Oxford C
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Supplementary Table 8. Baseline characteristics of patients with IgA nephropathy by era

(complete cases)

Characteristic Overall 2002 to 2008 2009 to 2014 2015 to 2020
(n =137)' (n =27)! (n = 46)' (n = 64)’

Age at cohort entry 41 (30, 54) 35 (25, 47) 44 (36, 57) 41 (31, 56)

(years)

Sex

Male 81 (59%) 18 (67%) 26 (57%) 37 (58%)

Female 56 (41%) 9 (33%) 20 (43%) 27 (42%)
Location of Residence

Winnipeg 80 (58%) 21 (78%) 29 (63%) 30 (47%)

Qutside of Winnipeg | 57 (41%) 6 (22%) 17 (37%) 34 (53%)
SES Quintile

1 46 (34%) 7 (26%) 15 (33%) 24 (38%)

2 29 21%) s 10 (22%) 15 (23%)

3 22 (16%) s s 12 (19%)

4 28 (20%) 10 (37%) 11 (24%) 7 (11%)

5 12 (8.8%) ] s 6 (9.4%)
eGFR at cohort entry 59 (36, 88) 69 (35, 101) 53 (33, 80) 58 (39, 88)
(mL/min/1.73 m?)

Proteinuria at cohort 1.77 (1.09, 1.85(1.23, 3.08) 1.74 (1.05, 1.81 (1.20,
entry (g/day) 2.96) 3.56) 2.61)
Index eGFR 53 (32, 82) 69 (40, 91) 45 (27,72) 58 (33, 84)
(mL/min/1.73 m?)
Index proteinuria (g/day) | 1.15 (0.55, 0.69 (0.23, 2.24) 1.11 (0.51, 1.64 (0.60,
2.28) 2.16) 2.56)
Nephrology consult to 40 (6, 171) 25 (-60, 119) 52 (-7,262) 36 (14, 154)
biopsy (days)
Diabetes 22 (16%) s 8 (17%) 12 (19%)
Hypertension 59 (43%) 6 (22%) 21 (46%) 32 (50%)
RAASI treatment 122 (89%) 26 (96%) 42 (91%) 54 (84%)
Glucocorticoid treatment | 41 (30%) 10 (37%) 16 (35%) 15 (23%)
Oxford S

0 39 (28%) 9 (33%) 16 (35%) 14 (22%)

1 98 (72%) 18 (67%) 30 (65%) 50 (78%)
Oxford T

0 69 (50%) 18 (67%) 21 (46%) 30 (47%)

1 47 (34%) s 21 (46%) 17 (27%)

2 21 (15%) s 4 (8.7%) 17 (27%)
Oxford C (binary)

0 95 (69%) 16 (59%) 32 (70%) 47 (73%)

1 42 (31%) 11 (41%) 14 (30%) 17 (27%)
Kidney failure status

No kidney failure 116 (85%) 21 (78%) 39 (85%) 56 (87%)

Kidney failure 21 (15%) 6 (22%) 7 (15%) 8 (13%)
Vital status

Alive 119 (87%) s 39 (85%) 57 (89%)

Dead 18 (13%) s 7 (15%) 7 (11%)
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| Follow up time (years) | 8.3(5.2,12.8) |15.7(14.9,16.7) | 11.1(9.7,13.0) | 5.7(4.0,7.5) |
Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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Supplementary Table 9. Baseline characteristics of patients with IgA nephropathy by sex
(complete cases)

Characteristic Male (n = 81) Female (n = 56)
Age at cohort entry (years) 42 (32, 56) 38 (29,51)
Location of Residence

Winnipeg 47 (58%) 33 (59%)

QOutside of Winnipeg 34 (42%) 23 (41%)
SES Quintile

1 24 (30%) 22 (39%)

2 16 (20%) 13 (23%)

3 15 (19%) s

4 17 (21%) 11 (20%)

5 9 (11%) s
eGFR at cohort entry (mL/min/1.73 58 (39, 80) 60 (36, 100)
m?)
Proteinuria at cohort entry (g/day) 1.68 (1.03, 2.95) 1.92 (1.34, 3.32)
Index eGFR (mL/min/1.73 m?) 50(31,79) 56 (35, 88)
Index proteinuria (g/day) 1.08 (0.50, 2.02) 1.56 (0.60, 2.90)
Nephrology consult to biopsy (days) 35 (3, 154) 51 (9, 180)
Diabetes 10 (12%) 12 (21%)
Hypertension 35 (43%) 24 (43%)
RAASI treatment 71 (88%) 51 (91%)
Glucocorticoid treatment 22 (27%) 19 (34%)
Oxford S

0 23 (28%) 16 (29%)

1 58 (72%) 40 (71%)
Oxford T

0 34 (42%) 35 (63%)

1 33 (41%) 14 (25%)

2 14 (17%) 7 (13%)
Oxford C (binary)

0 57 (70%) 38 (68%)

1 24 (30%) 18 (32%)
Kidney failure status

No kidney failure 67 (83%) 49 (87%)

Kidney failure 14 (17%) 7 (13%)
Vital status

Alive 68 (84%) 51 (91%)

Dead 13 (16%) 5 (8.9%)
Follow up time (years) 8.2(4.9,13.9) 8.4(5.8,11.9)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables
SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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Supplementary Table 10. Baseline characteristics of patients with IgA nephropathy by

kidney failure status over follow up (complete cases)

m?)

Characteristic No kidney failure (n = 116) Kidney failure
(n=21)

Age at cohort entry (years) 41 (30, 56) 39 (32,47)
Sex

Male 67 (58%) 14 (67%)

Female 49 (42%) 7 (33%)
Location of Residence

Winnipeg 68 (59%) 12 (57%)

QOutside of Winnipeg 48 (41%) 9 (43%)
SES Quintile

1 35 (30%) s

2 27 (23%) s

3 18 (16%) s

4 25 (22%) s

5 11 (9.5%) s
eGFR at cohort entry (mL/min/1.73 | 63 (41, 91) 36 (23, 47)

Proteinuria at cohort entry (g/day)

1.74 (1.07, 2.61)

2.50 (1.33, 3.84)

Index eGFR (mL/min/1.73 m?) 60 (40, 86) 17 (11,27)
Index proteinuria (g/day) 0.92 (0.46, 1.86) 2.67 (2.18, 3.38)
Nephrology consult to biopsy (days) | 41 (8, 148) 22 (-60, 287)
Diabetes 20 (17%) s
Hypertension 49 (42%) 10 (48%)
RAASI treatment 106 (91%) 16 (76%)
Glucocorticoid treatment 33 (28%) 8 (38%)
Oxford S

0 37 (32%) s

1 79 (68%) s
Oxford T

0 64 (55%) s

1 37 (32%) 10 (48%)

2 15 (13%) s
Oxford C (binary)

0 84 (72%) 11 (52%)

1 32 (28%) 10 (48%)
Vital status

Alive 104 (90%) 15 (71%)

Dead 12 (10%) 6 (29%)
Follow up time (years) 8.3(5.1,12.6) 8.3(5.8,14.9

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone

system inhibitor; s, suppressed (cell size 5 or less)
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Supplementary Table 11. Baseline characteristics of patients with IgA nephropathy by

CKD stage at cohort entry (complete cases)

Characteristic CKD 1 CKD 2 CKD 3 CKD 4
(n=37) (n=44) (n =60) (n=22)

Age at cohort entry 29 (23, 37) 41 (30, 48) 45 (37, 55) 57 (43, 64)
(years)
Sex

Male 16 (43%) 30 (68%) 37 (62%) 12 (55%)

Female 21 (57%) 14 (32%) 23 (38%) 10 (45%)
Location of Residence

Winnipeg 23 (62%) 25 (57%) 37 (62%) 12 (55%)

Outside of Winnipeg 14 (38%) 19 (43%) 23 (38%) 10 (45%)
SES Quintile

1 16 (43%) 13 (30%) 18 (30%) 9 (41%)

2 9 (24%) 10 (23%) 9 (15%) s

3 s 10 (23%) 12 (20%) s

4 s s 11 (18%) S

5 S S 10 (17%) s
eGFR at cohort entry 108 (100, 116) 76 (65, 82) 44 (35, 48) 23 (21, 26)
(mL/min/1.73 m?)
Proteinuria at cohort 1.86 (0.97, 2.41) 1.66 (1.02, 1.75 (1.08, 1.61 (1.16,
entry (g/day) 2.31) 3.09) 3.69)
Index eGFR 108 (87, 117) 67 (60, 74) 38 (29, 50) 21 (14, 35)
(mL/min/1.73 m?)
Index proteinuria (g/day) | 1.06 (0.50, 2.22) 1.49 (0.66, 1.48 (0.63, 0.55 (0.38,

2.05) 2.44) 2.20)

Nephrology consult to 98 (27, 354) 89 (15, 247) 41 (1, 162) 23 (6, 119)
biopsy (days)
Diabetes s 7 (16%) 15 (25%) s
Hypertension 10 (27%) 15 (34%) 36 (60%) 16 (73%)
RAASI treatment 33 (89%) 40 (91%) 57 (95%) 15 (68%)
Glucocorticoid treatment | 9 (24%) 9 (20%) 14 (23%) 11 (50%)
Oxford S

0 7 (19%) 13 (30%) 16 (27%)

1 30 (81%) 31 (70%) 44 (73%) s
Oxford T

0 s 16 (27%) 6 (27%)

1 12 (30%) 31 (52%) 7 (32%)

2 s 13 (22%) 9 (41%)
Oxford C (binary)

0 27 (73%) 34 (77%) 45 (75%) 15 (68%)

1 10 (27%) 10 (23%) 15 (25%) 7 (32%)
Kidney failure status

No kidney failure 36 (97%) 44 (73%) 12 (55%)

Kidney failure 1 (2.7%) 16 (27%) 10 (45%)
Vital status

Alive 53 (88%) 14 (64%)

Dead 7 (12%) 8 (36%)
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Follow up time (years) 8.4 (6.2, 13.6) 78 (4.7,108) | 7.3(49,10.7) | 8.1 (4.0,
12.0)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables
SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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Supplementary Table 12. Baseline characteristics of patients with IgA nephropathy by

location of residence at cohort entry (complete cases)

Characteristic Out of Winnipeg Winnipeg
(n=73) (n =108)
Age at cohort entry (years) 41 (31, 58) 42 (31, 52)
Sex
Male 43 (59%) 58 (54%)
Female 30 (41%) 50 (46%)
SES Quintile
1 32 (44%) 30 (28%)
2 13 (18%) 23 (21%)
3 9 (12%) 21 (19%)
4 9 (12%) 27 (25%)
5 10 (14%) 7 (6.5%)
eGFR at cohort entry (mL/min/1.73 58 (31, 84) 58 (37, 87)

m?)

Proteinuria at cohort entry (g/day)

1.62 (1.03, 2.86)

1.76 (1.10, 2.95)

Index eGFR (mL/min/1.73 m?) 54 (31, 82) 50 (31, 81)
Index proteinuria (g/day) 1.15 (0.50, 2.02) 1.23 (0.55, 2.44)
Nephrology consult to biopsy (days) 50 (8, 255) 48 (8, 191)
Diabetes 12 (16%) 19 (18%)
Hypertension 34 (47%) 49 (45%)
RAASI treatment 62 (85%) 98 (91%)
Glucocorticoid treatment 18 (25%) 28 (26%)
Oxford S

0 16 (22%) 34 (31%)

1 57 (78%) 74 (69%)
Oxford T

0 37 (51%) 57 (53%)

1 21 (29%) 36 (33%)

2 15 (21%) 15 (14%)
Oxford C (binary)

0 52 (71%) 80 (74%)

1 21 (29%) 28 (26%)
Kidney failure status

No kidney failure 60 (82%) 88 (81%)

Kidney failure 13 (18%) 20 (19%)
Vital status

Alive 58 (79%) 97 (90%)

Dead 15 (21%) 11 (10%)
Follow up time (years) 7.4 (4.5,9.9) 9.1(5.7,13.8)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone

system inhibitor; s, suppressed (cell size 5 or less)
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Supplementary Table 13. Baseline characteristics of patients with IgA nephropathy by SES
quintile at cohort entry (complete cases)

Characteristic 1 (n=62) 2 (n=36) 3 (n=30) 4 (n =36) S5(n=17)
Age at cohort entry 39 (29, 52) 44 (32, 58) 42 (34,54) | 46(33,54) |39(29,57)
(years)
Sex
Male 29 (47%) 18 (50%) 19 (63%) 22 (61%) s
Female 33 (53%) 18 (50%) 11 (37%) 14 (39%) s
Location of Residence
Winnipeg 32 (52%) 13 (36%) 9 (30%) 9 (25%) 10 (59%)
Qutside of Winnipeg 30 (48%) 23 (64%) 21 (70%) 27 (75%) 7 (41%)
eGFR at cohort entry 59 (31,91) 66 (43,91) 58 (45,80) | 47(30,79) |43(33,62)
(mL/min/1.73 m?)
Proteinuria at cohort 1.92 (1.17, 1.84 (1.10, 1.57 (1.06, 1.75 (0.87, 1.48 (0.97,
entry (g/day) 3.32) 2.63) 2.26) 4.39) 1.95)
Index eGFR 52 (25, 86) 50(32,92) 58(30,71) |62(34,80) |41(32,77)
(mL/min/1.73 m?)
Index proteinuria 1.48 (0.55, 1.63 (0.74, 1.10 (0.45, 0.66 (0.29, 1.36 (0.60,
(g/day) 2.67) 2.24) 2.09) 2.05) 1.67)
Nephrology consult to 38 (9, 175) 48 (3, 421) 96 (13,214) | 52(8,312) | 41 (4,
biopsy (days) 171)
Diabetes 13 (21%) 7 (19%) 15 (25%) s s
Hypertension 32 (52%) 13 (36%) 15 (50%) 15 (42%) 8 (47%)
RAASI treatment 51 (82%) 32 (89%) 26 (87%) 35 (97%) 16 (94%)
Glucocorticoid 18 (29%) 7 (19%) s 12 (33%) s
treatment
Oxford S

0 15 (24%) 15 (42%) 8 (27%) 9 (25%) s

1 47 (76%) 21 (58%) 22 (73%) 27 (75%) s
Oxford T

0 34 (55%) 21 (58%) 16 (53%) 18 (50%) s

1 14 (23%) s s s s

2 14 (23%) s s s s
Oxford C (binary)

0 47 (76%) 25 (69%) 21 (70%) 24 (67%) s

1 15 (24%) 11 31%) 9 (30%) 12 (33%) s
Kidney failure status

No kidney failure 45 (73%) 24 (80%) s s

Kidney failure 17 (27%) s 6 (20%) s s
Vital status

Alive 52 (84%) 29 (81%) s s s

Dead 10 (16%) 7 (19%) S s s
Follow up time (years) | 7.6(5.2,10.6) | 7.8 (4.4, 8.0(5.7, 11.0 (5.5, 8.4 (5.7,

11.2) 13.9) 15.4) 12.7)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables

SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone

system inhibitor; s, suppressed (cell size 5 or less)
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Supplementary Table 14. Baseline characteristics of patients with IgA nephropathy by
number of eGFR measurements per patient

Characteristic >3 Measurements 2 Measurements
(n = 181)' (n = 60)’
Age at cohort entry (years) 41 (31, 54) 44 (34, 52)
Sex
Male 101 (56%) 37 (62%)
Female 80 (44%) 23 (38%)
Location of Residence
Winnipeg 108 (60%) 41 (68%)
Outside of Winnipeg 73 (40%) 19 (32%)
SES Quintile
1 62 (34%) 26 (43%)
2 36 (20%) 11 (18%)
3 30 (17%) 7 (12%)
4 36 (20%) 8 (13%)
5 17 (9.4%) 8 (13%)
e¢GFR at cohort entry (mL/min/1.73 m?) | 58 (35, 86) 48 (32,71)
Missing 13 (7.2%) 7 (12%)
Proteinuria at cohort entry (g/day) 1.73 (1.06, 2.95) 1.70 (0.88, 2.71)

Missing 14 (7.7 %) 9 (15%)
Index eGFR (mL/min/1.73 m?) 51 (31,81) 40 (20, 82)

Missing 26 (14%) 27 (45%)
Index proteinuria (g/day) 1.19 (0.53,2.27) 0.83 (0.37, 1.57)

Missing 33 (18%) 16 (27%)
Nephrology consult to biopsy (days) 49 (8, 210) 51 (13, 382)
Diabetes 31 (17%) 9 (15%)
Hypertension 83 (46%) 31 (52%)
RAASI treatment 160 (88%) 46 (77%)
Glucocorticoid treatment 46 (25%) 8 (13%)
Oxford S

0 50 (28%) 26 (43%)

1 131 (72%) 34 (57%)
Oxford T

0 94 (52%) 32 (53%)

1 57 (31%) 9 (15%)

2 30 (17%) 19 (32%)
Oxford C (binary)

0 132 (73%) 51 (85%)

1 49 27%) 9 (15%)
Kidney failure status

No kidney failure 148 (82%) 48 (80%)

Kidney failure 33 (18%) 12 (20%)
Vital status

Alive 155 (86%) 54 (90%)

Dead 26 (14%) 6 (10%)
Follow up time (years) 8.2 (5.2,12.6) 7.1 (4.0, 10.6)

Results are reported as median (Q1, Q3) for continuous variables, and n (%) for categorical variables
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SES, socioeconomic status; eGFR, estimated glomerular filtration rate; RAASI, renin-angiotensin-aldosterone
system inhibitor; s, suppressed (cell size 5 or less)
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