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Abstract 

Risk Evaluation for Thromboembolism in 

Subjects with Nephrotic Syndrome Caused by 

Primary Membranous Nephropathy and 

Personalized Decision Analysis for Prophylactic 

Anticoagulation with Warfarin 

Taewoo Lee 

Biomedical Science 

Department of Biomedical Sciences  

Seoul National University Graduate School 

 

Vascular thromboembolic events have long been recognized as among the 

most common and serious complications of nephrotic syndrome.  Among 

the underlying diseases of nephrotic syndrome, membranous nephropathy 

has the highest risk for development of thromboembolism.  Making a 

prudent clinical decision of prophylactic anticoagulation is a challenge for 

physicians because currently available information on the risks and benefits 

of the therapy is insufficient.  The purposes of this dissertation were: first, to 

assess the risk of thromboembolic events in venous and arterial 

vasculatures of patients with primary membranous nephropathy causing 

nephrotic syndrome; second, to evaluate the role of patient characteristics 

(including demographics, the severity of renal manifestation, and 

treatments) as risk predictors of clinical thromboembolic events; third, to 

categorize patients by risk factors; and, finally, to evaluate the value of a 

clinical decision to prescribe the prophylactic anticoagulation with warfarin to 

prevent a thromboembolic event according to the risk categorization.  We 
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measured the risks of clinically apparent venous thromboembolic events 

and arterial thrombosis presenting as cardiovascular events in a large 

inception cohort consisting of patients with primary membranous 

nephropathy.  Predisposing risk factors of such events were evaluated by 

survival analysis using a multivariate regression technique.  With a 

systematic review of literature and cohort event analysis, individualized 

benefits of averting venous thromboembolism and risks of major bleedings 

from prophylactic anticoagulation with warfarin were obtained.  The benefits 

and risks of the decision to use such a treatment were presented by 

simulating clinical outcomes in the Markov hybrid decision tree model.  The 

value of the decision was appraised with the risk-benefit ratio of the therapy 

using a net-benefit framework.  We detected clinically apparent venous 

thromboembolic events in about 7% of total patient cohorts with primary 

membranous nephropathy.  The degree of hypoalbuminemia of a patient 

was a significant risk factor for developing thromboembolic events.   

Cardiovascular events were frequently observed within 2 years after 

diagnosis of primary membranous nephropathy, when most of the patients 

presented with severe nephrotic syndrome.  The cumulative incidence rate 

of cardiovascular events was about 5% at 2 years after biopsy, and was as 

high as commensurate with the incidence of the progression to end stage 

renal disease.  The decision analysis clearly supported the use of 

prophylactic anticoagulation with warfarin in patients with low risk of major 

bleeding.  The benefit-to-risk ratio was 4.5:1, which means 4.5 major 

venous thromboembolic events are averted at a cost of one major bleeding 

in patients at low bleeding risk and serum albumin level <3.0 g/dL.  The ratio 

increased in patients with serum albumin level <2.0 g/dL to 13:1.  Patients 

at intermediate bleeding risk with an albumin under 2 g/dl had a moderately 

favorable benefit-to-risk ratio (under 5:1).  Patients at high bleeding risk 

were unlikely to benefit from prophylactic anticoagulation regardless of 

albuminemia.  The conducted studies demonstrate how to construct medical 

evidence on the use of prophylactic anticoagulation in membranous 

nephropathy with risk evaluation of thromboembolism using individual 
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patient data.  This presents an alternative platform of a pragmatic clinical 

pharmacology pursuing personalized medicine.  

Key words: Membranous Nephropathy, Nephrotic Syndrome, 

Thromboembolism, Venous Thromboembolism, Cardiovascular 

Diseases, Decision Analysis, Warfarin 
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Nephrotic syndrome  

Nephrotic syndrome is characterized with generalized edema, 

hypoalbuminemia, and hyperlipidemia following profound proteinuria 

≥3.5 g/day1.  In normal kidneys, plasma proteins with molecular size 

over about 70 kd can be restricted inside the vasculature by charge-

selective and size-selective barriers of normal basement membranes 

in glomeruli2,3.  Any abnormality resulting in defects of these barriers 

can cause loss of proteins into the urinary space.  Subsequently, 

hypoalbuminemia, sodium retention-associated generalized edema, 

and hyperlipidemia are following profound proteinuria in nephrotic 

syndrome1.    

 

Membranous nephropathy as the most common cause of nephrotic 

syndrome   

Membranous nephropathy (MN) is an autoimmune glomerular 

disease, mostly manifesting nephrotic syndrome at presentation.  

Recently, studies strongly suggest that the anti-phospholipase A2 

receptor (Anti-PLA2R) of podocytes of glomeruli is a causative auto-

antigen of the disease4.  The autoantigen-antibody complex formed 

in the subepithelial cellular space of glomeruli disrupts the size and 

charge-selective barrier of the filtering structures of glomeruli, 

resulting in profound proteinuria and subsequent nephrotic 

syndrome.  The diagnosis of primary MN can be made when the 

typical pathological finding is detected through a kidney biopsy, and 

when it occurs without an accompanying systemic disease such as 
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lupus erythematosus.  Primary MN is among the most common 

causes of nephrotic syndrome in adults1,5.    

 

Thromboembolism as a complication of nephrotic syndrome, 

membranous nephropathy among the highest risk    

Thrombosis results from intravascular blood coagulation leading to 

thrombus formation that obstructs blood flow.  Embolism occurs 

when all or a portion of the thrombus breaks free and flows 

downstream in the circulation, blocking flow to vital organs.  

Collectively these phenomena are referred to as thromboembolism. 

Thromboembolism has long been recognized as one of the most 

serious complications of nephrotic syndrome6-9.  The incidence of 

thromboembolic events has been observed higher in patients with 

nephrotic syndrome, compared to general population.  According to 

recent data from almost 900 million discharge notes of the U.S. 

National Hospital Discharge Survey10, compared to those without, 

patients with nephrotic syndrome had a relative risk of 1.4 for 

pulmonary embolism (PE), of 1.7 for renal vein thrombosis (RVT), 

and of 6.8 for deep venous thrombosis (DVT).    

The underlying pathophysiology of the “thrombophilic tendency” of 

the nephrotic syndrome are multifactorial but very likely to be related 

to an imbalance of prothrombotic factors (e.g., increased fibrinogen 

levels, increased factor VIII levels, increased platelet adhesiveness) 

and antithrombotic factors (e.g., reduced antithrombin III levels, 

reduced protein C and S levels or activity) and impaired thrombolytic 
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activity (decreased plasminogen levels, elevated plasminogen 

activator inhibitor-1 levels or albumin deficiency–related impairment 

of the interaction of plasminogen and fibrin)11,12.  Nevertheless, there 

must be heterogeneity for the degree of the risk among etiologies of 

nephrotic syndrome.  Among the underlying diseases, specifically 

primary MN has the highest risk of thromboembolism.  Primary MN 

seems to have a tendency of formation of autoantibodies (e.g. anti-

enolase)13,14 to fibrinolysis-related proteins along with pro-coagulation 

conditions such as volume depletion, diuretics and steroid use.  

According to prior epidemiological studies, it is more evident that 

primary MN has disease-specificity for the risk of thromboembolism. 

Li and colleagues reported in 2012 that they found the incidence of 

VTE, renal vein thrombosis, and PE to be 36%, 33%, and 17%, 

respectively in 100 patients with MN and nephrotic syndrome15.  

Barbour et al reported that the risk of venous thromboembolism in 

MN is 10 folds higher than the one of IgA nephropathy (IgAN), and 4 

folds of focal segmental glomerulosclerosis (FSGS)16.   

Regarding the site of occurrence, theoretically, either venous or 

arterial vasculature can be involved for any clinically apparent 

thromboembolic event.   Venous thromboembolic events (VTE) such 

as deep vein thrombosis, renal vein thrombosis, and pulmonary 

embolism are more frequently occurring complication compared to 

arterial thrombotic events (ATE), known as cardiovascular events 

(CVE) – acute coronary syndrome, ischemic stroke, and acute 

peripheral arterial thrombotic occlusive disease.  In contrast to the 
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cases of VTE, prior reports on ATE in MN are relatively scarce and 

have limited scopes on the pathophysiology of nephrosis-induced 

hyperlipidemia.   Ordonez et al. reported that the mean time to CVE 

was 5.6 years after diagnosis of nephrotic syndrome and those 

events were probably related to profound hyperlipidemia during 

active stage of nephrotic syndrome17.  In another study that enclosed 

information of 72 patients with MN and nephrotic syndrome, arterial 

thrombotic events occurred most frequently in the first 6 to 12 months 

after diagnosis, when mostly associated with active nephrotic 

syndrome18. However, due to rare incidence of CVE out of relatively 

small numbers of cohort, solid association with the sign of active 

nephrotic syndrome such as hypoalbuminemia and/or proteinuria 

was not reported in the study.  Thus far, the evidence that the risk 

and its predictor for arterial thrombotic events in MN remain 

undisclosed. 

Table 1. Prior reports on the risk of ATE in patients with MN  

Study Description of ATE  

Kantilal et al. (Case report)19 Acute cerebral and femoral arterial thrombosis  

Fuh et al. (Case report)20 Acute ischemic stroke 

Sasaki et al. (Case report)21 Carotid arterial thromboembolism  

Ordonez et al. (Cohort study)17 11 CVE out of 113 nephrotic syndrome (40 MN) 

Mahmoodi et al. (Cohort study)18 10 CVE out of 72 MN  
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Risk of venous thromboembolic events (VTE) and associated risk 

factors in membranous nephropathy  

Prior studies have shown the significant association between the 

diagnosis of MN and the prevalence of VTE.  Blood clots in deep 

veins of lower extremities have most frequently been reported 

followed by renal vein thrombosis, and subsequently developing or 

primary pulmonary embolism.   The range of proportion experiencing 

VTE in patients with MN is approximately 30% to 60% (Table 2).   

However, this data should be carefully interpreted when estimating 

the risk of VTE occurring under the condition of nephrotic syndrome 

caused by MN.   First, because most studies describe VTE 

prevalence, instead of the incidence of VTE defined as the number of 

newly developed VTE out of the number of patients at risk (MN-

Nephrotic syndrome).   Second, even when reported with the 

incidence of VTE 18, the denominator (duration at risk of VTE) was 

the whole period of observation from biopsy to the end of follow up or 

events.  With such, the incidence can be underestimated by the 

dilution of long observation periods, or overestimated by early loss of 

follow-ups.  Thus, when estimating the incidence of VTE, the 

denominator should be the period of nephrotic syndrome induced by 

MN.  Third, only clinically apparent VTE cases should be considered 

for the estimation, since the explicit estimate of incidence and the 

clinical significance of asymptomatic VTE remain unclear.  Therefore, 

it is required to have a prospectively collected cohort observation for 

the explicit estimation of the risk of VTE in patients with MN.   
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Regarding the risk factor of VTE, in previous studies, 

hypoalbuminemia22, proteinuria23,24 and the ratio of proteinuria to 

serum albumin23 have been reported as independent risk factors for 

venous TE (VTE) in nephrotic syndrome.  However, those studies 

are relatively small observation studies, therefore, predictors for VTE 

risk should be evaluated in a larger inception cohort accounting for 

various confounding factors.  

 

Table 2. Prior reports on the prevalence of VTE in patients with MN  

Study Prevalence of VTE  

Llach et al. 25 29 (20/69) 

Chugh et al.26 43 (3/7) 

Wagoner et al.27 52 (14/27) 

Velasquez et al.28 60 (3/5) 

TOTAL  37 (40/108) 
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Prophylactic anticoagulation to prevent thromboembolism in MN   

There has been a controversy and clinical conundrum regarding 

whether or not a nephrologist who is confronted with a patient who 

has membranous nephropathy and nephrotic syndrome, with no 

overt symptoms or signs suggestive of a thromboembolism, should 

initiate the prophylactic anticoagulation.  Unfortunately, there has 

been no randomized, controlled trial to provide evidence to guide and 

inform this decision-making process so far.    Instead, Sarasin et al. 

reported their simulation of hypothetical scenarios using Markov 

modeling regarding the lifetime risk and benefit of such prophylactic 

oral anticoagulation29.  Incorporating utilities (morbidity and mortality), 

the decision analytic model yielded 2.5 months of quality-adjusted life 

expectancy for a 50-yr-old patient who remained on anticoagulation 

for 2 years.  However, it would be difficult to extrapolate the result 

into real patient care.  First, our primary concern is the prevention of 

VTE.  Treatment afterward is straightforward: heparinization and oral 

warfarin therapy for 3 to 6 months.  Therefore, the societal 

perspective of the clinical strategies that consider lifetime utility is 

less pragmatic for individual practices.  Rather, it is more useful to 

understand the benefit of averting VTE over the risk of major 

bleeding from prophylactic use of warfarin.   Moreover, the benefit-to-

risk ratio offers flexibility in making this decision, and re-assessing as 

the patient’s albumin level changes with time or in response to 

treatment.  Second, the previous study used fixed risks for VTE and 

bleed.  It gives under-and over-estimation of those risks and 
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consequently misleads the output from the simulating models.  

Therefore, an updated study is required, using information on the 

individualized risks for VTE and major bleeding, and accounting for 

the potential variability of those risks at the same time. As a result, it 

should provide a practical assessment of the benefits and risks of the 

clinical decision.   

Rationale and Overview of Proposed Research  

The objective of this thesis proposal is: to examine the risk of CVE 

presenting as arterial thrombosis, and the risk factors of a setting of 

ESRD as a competing risk; to assess the risk of VTE and associated 

risk factors in patients with primary MN; and to present a pragmatic 

clinical decision aid for prescribing the prophylactic anticoagulation 

with warfarin in patients with primary MN.  The goals of this research 

are to present new evidence on the quantification and qualification of 

the risk of arterial-and venous thromboembolism and its relationship 

with the disease severity, nephrotic syndrome or hypoalbuminemia, 

and to propose an individualized prophylactic anticoagulation 

treatment when the benefit of averting thromboembolism outweighs 

the risk of serious bleeding caused by warfarin therapy.  The central 

hypothesis of the thesis is that patients with primary MN have 

increased risk of thromboembolic events according to the disease 

severity presenting with hypoalbuminemia, and that different risk 

categories based upon the disease severity account for different 

preferences regarding the benefit of the anticoagulation balancing 

the adverse effects of warfarin.  Specific questions that will be 
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evaluated by this project include: 1) Is the severity of nephrotic 

syndrome connected to the increased incidence of CVE representing 

arterial thrombosis, even after adjustment for other confounders 

related to the incidence of CVE and the influence by competing risk 

of end-stage renal disease (ESRD) and death?  2) Is the incidence of 

VTE increased in patients with primary MN and the risk of VTE 

associated with the severity of hypoalbuminemia? 3) What is the 

degree of the benefit, risk, and its ratio of VTE-prevention and 

prophylactic anticoagulation with warfarin?  

The studies proposed in this thesis are innovative and contributive 

for the management of patients with primary MN because they fill the 

gap of knowledge of the quantification and qualification of the risk of 

vascular thromboembolism, and they suggest a new clinical decision 

aid on the use of prophylactic anticoagulation according to the 

benefit-to-risk preferences of patients and doctors.  The series of 

these studies is an alternative way of conducting pragmatic clinical 

research.   
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The specific aims and methods to address the objective of the 

proposal  

Aim1.  Examine the risk of CVE (arterial thrombosis) in subjects 

with primary MN relative to that of progression to ESRD.  

a.  Competing risk analysis to estimate the cumulative 

incidence rate of CVE in the setting of ESRD and non-CVE 

death as competing risk in 404 subjects with primary MN  

b.  Construct statistical models to evaluate the relationship 

between the disease activity (the severity of nephrotic 

syndrome) and CVE incidence with adjustment for 

confounders  

c.  Perform a validation study on the risk evaluation of CVE 

and its’ risk factor in 557 subjects with primary MN of external 

independent cohort and 387 subjects with FSGS.  

Aim2.  Examine the risk of VTE in subjects with primary MN.   

a.  Describing the cumulative incidence rate of VTE in 958 

subjects of a pooled inception cohort with primary MN  

b.  Develop survival analytic models to determine risk factors 

associated with VTE by evaluating clinical characteristics 

presenting at the time of diagnosis (e.g. hypoalbuminemia, 

renal function, proteinuria, treatment, and demographics). 

c.  Conduct an event analysis on the risk of VTE based upon 

risk categories: presenting probability of VTE (presenting by 

event numbers in person-time).   

Aim3.  Evaluate the value of using anticoagulation 

prophylactically to prevent VTE in subjects with primary MN  
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a. Identify and categorize risk for VTE from a inception cohort 

analysis and for major bleeding from anticoagulation with 

warfarin from a systematic literature review  

b. Construct a hybrid Markov-decision tree model to evaluate 

the benefit of averting VTE by prophylactic anticoagulation 

and the risk of major bleeding by warfarin therapy 

c. Given individualized risk information, perform a base-case 

analysis and probabilistic sensitivity analysis to present 

benefit-to-risk ratios  

d.  Evaluate the value of the prophylactic strategy of using 

anticoagulation with warfarin against observation in a net-

benefit framework  
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Description of study cohort 

For this dissertation project, data from two large pooled inception 

cohorts of MN in the North America were used: 1) the Glomerular 

Disease Collaborative Network (GDCN) of University of North 

Carolina at Chapel Hill, North Carolina, the United States; 2) the 

Toronto GlomeruloNephritis Registry (TGNR) of the University of 

Toronto, Ontario, Canada. All patients were over age 18 at the time 

of kidney biopsy and followed between 1969 and 2011 in the GDCN 

registry and between 1974 and 2011 in the TGNR registry, 

respectively.  All patients with MN were identified at the time of 

kidney biopsy and registered for each registry. They were followed 

with prospective accrual of data from each clinic visit.  All patients 

provided informed consent for review and analysis of their medical 

records. The Institutional Review Board of the University of North 

Carolina at Chapel Hill and the University of Toronto approved these 

studies.  
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Methods for Aim1:  Examine the risk of CVE (arterial thrombosis) in 

subjects with primary MN relative to that of progression to ESRD 

Description of study cohorts, explanatory variables, and outcomes  

A total of 404 patients with primary MN from GDCN registry were 

retained for the analysis of aim 1.  The baseline date of the analysis 

was the date of biopsy.  Clinical information at baseline was collected 

as following: demographics (age, sex, and race), past medical history 

of CVE, diabetes, renal function and nephrotic status (defined by 

serum albumin and degree of proteinuria).  Medication use including 

aspirin, statins, corticosteroids or immunosuppressants were defined 

by whether patients had any exposure to these medications before 

the CVE event or the end of follow-up.  The outcomes of interest 

were ESRD, death unrelated to CVE, and CVE.  CVE was defined as 

any first event, including acute coronary syndrome (acute myocardial 

infarction and unstable angina requiring any procedural coronary 

intervention including bypass surgery), thrombotic ischemic stroke, 

and acute thrombotic event from peripheral arterial occlusive 

disease.  In order to reflect the disease characteristics at the time of 

events, the information on changes of CKD stage (eGFR>60, 45 to 

60, <45 ml/min/1.73m2) and severity of nephrotic status (nephrotic 

syndrome, subnephrotic state, and complete remission) at each clinic 

visit during the observation period were retrieved.  Nephrotic 

syndrome was defined as proteinuria > 3.5 g/day and 

hypoalbuminemia (<3.2 g/dl).  Patients with hypoalbuminemia <2.5 

g/dl were also included into this category even if the proteinuria was 
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between 3 and 3.5 g/day).  Subnephrotic state was defined as 

proteinuria > 0.3 g/day and < 3.5 g/day.  Complete remission was 

defined as proteinuria < 0.3 g/day.   

Validation study in TGNR cohort with primary MN and in GDCN 

cohort with FSGS 

To confirm our findings from the GDCN cohort, a validation study 

was conducted in the TGNR cohort that comprised 557 patients with 

primary MN.  Baseline characteristics and time-varying variables 

(levels of lower eGFR and severity of nephrotic syndrome) were 

reported using the same methods as for the GDCN cohort.  A 

separate survival analysis model in the TGNR cohort alone was first 

performed to identify risk factors of CVE, and then combined (GDCN 

+ TGNR) pooled cohort analysis were followed with all significant risk 

factors found in each separate cohort analysis, along with an 

interaction term between cohort identifier and covariate of interest.  

For the evaluation of disease-specific characteristic for increased risk 

of CVE in primary MN, a comparative analysis with a GDCN-FSGS 

cohort composing of 387 patients diagnosed with primary FSGS by 

kidney biopsy (>18 years of age) from 1981 to 2011 in the GDCN 

database were conducted.   

Statistical analysis 

Summary statistics for continuous variables are reported as either 

mean ± standard deviation or median with interquartile ranges for 

skewed data.  Categorical variables are reported as percentages.  In 

order to estimate the absolute incidence of CVE in primary MN 
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before the progression to ESRD, we took into consideration of the 

incidence of ESRD or death unrelated to CVE as competing risks.  

The rationale of choosing this methodology is because patients with 

ESRD are no longer at risk of CVE purely related to primary MN and 

because patients who died with non-CVE would overestimate the 

incidence of CVE from censoring30.  The cumulative incidence 

function was calculated for the absolute incidence of CVE 

considering ESRD and non-CVE death as competing risks for CVE 

occurrence in the setting of primary MN31.  To assess risk factors for 

CVE, we conducted time-to-first event analyses using Cox 

proportional hazards regression models. Baseline variables at the 

time of biopsy were incorporated into the model, including sex, race, 

diabetes, previous history of CVE, and presence of full nephrotic 

syndrome, each represented as a binary variable.  Age categorized 

by decades was compared to all individuals < 30 years of age.  The 

severity of nephrotic syndrome (nephrotic syndrome, subnephrotic 

state, and complete remission) and the level of renal dysfunction 

(eGFR<45, 45 to 60, >60 ml/min per 1.73m2) were treated as ordinal 

categorical variables.  When screening explanatory variables in 

univariable analyses, the level of significance with p < 0.1 was used 

for the cut-off value for variable selection criteria for inclusion in 

multivariable models.  After incorporating all significant covariates 

from univariable models, the final explanatory variables in 

multivariable analysis were selected by backward elimination using a 

α-level of 0.05.  The linearity assumption for ordinal measures was 
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tested by visual examination of residuals.  Since the severity of 

nephrotic syndrome and renal function change with the clinical 

course of MN, we incorporated these as time-varying variables to 

capture disease status at the time the outcome occurred.  The 

proportionality assumption of time-independent covariates in the final 

model was evaluated by observing the Schoenfeld residuals of 

independent variables and with statistical testing as well.  Statistical 

significance was considered at a two-tailed value of p<0.05. SAS 

version 9.3.1 (SAS Institute, Cary, NC, USA) and R version 2.15.2 

(www.r-project.org) were used for statistical analysis and plotting.   

  

http://www.r-project.org/
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Methods for Aim2:  Evaluate the individualized risk of VTE in 

subjects with primary MN  

Description of study cohorts, explanatory variables, and outcomes  

For the analysis of aim 2, a pooled inception cohort (GDCN + TGNR) 

was constructed because of following reasons; first, the evaluation of 

the risk factor for VTE requires as many event numbers as it could be 

enrolled to increase the power of the analysis; second, VTEs seems 

less influenced than ATEs in terms of confounding variables from 

potential different environment of two cohorts for testing regression 

models on risk factor analysis.  The detailed descriptions of those 

cohorts were the same as the study for aim 1.  The start of the follow 

up period (or baseline) was the time of kidney biopsy for the diagnosis 

of MN.  For patients who experienced a VTE prior to the first 

nephrology evaluation, the date of VTE was considered the first 

symptom of MN and the start of follow-up.  Patient information was 

reviewed through the most recent clinic date, until end-stage kidney 

disease or death as described above in the analysis of aim 1.  All 

clinically apparent VTEs, including pulmonary emboli (PE), deep vein 

thrombosis (DVT) of the lower extremities, renal vein thrombosis 

(RVT), and other less frequent sites of DVT were identified from the 

data registries.  Thrombi diagnosed simultaneously at different sites 

were considered as a single event. PE was confirmed by ventilation-

perfusion scanning, spiral computed tomography or angiography; DVT 

by compression ultrasound or venography; and RVT by renal 

venogram, Doppler ultrasound or magnetic resonance angiography.  
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Other types of VTE were diagnosed by venogram.  Data extracted 

from medical records included demographics, clinical variables, 

medication exposures, and information regarding malignancy, 

smoking, previous VTE, immobilization within six weeks or pregnancy 

within three months of VTE, or use of hormone therapy at the time of 

VTE.  Longitudinal clinical and laboratory parameters considered 

included:  serum creatinine, albumin, cholesterol and triglycerides and 

24-hour urine protein excretion and estimated glomerular filtration rate 

(eGFR) using the four-variable MDRD equation32. Medications 

considered included immunosuppressants, anti-coagulants and anti-

platelet (aspirin, clopidogrel, dipyridamole) agents.  All use of warfarin 

was reviewed, and no patient received prophylactic anticoagulation.  

Statistical Analyses 

Incidence of VTE was reported in two ways: first, the cumulative 

incidence rates calculated by competing risk analysis with ESRD and 

non-VTE deaths as competing risks; secondly, by presenting as 

event numbers per person-time of follow up. Cox proportional hazard 

regression analysis and competing risk regression analysis were 

used to assess risk factors associated VTE and reported as hazard 

ratio (HR) with 95% confidence intervals (95% CI).  Variables related 

to VTE risk by univariable analysis and clinically relevant parameters 

were included in the multivariable models. We first considered the 

severity of hypoalbuminemia as a categorized variable (by 0.2mg/dl 

decrease from 3.2mg/dl as a reference value), in conjunction with 

age at MN diagnosis, sex, 24-hour protein excretion (per 1 g/day 
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increase from <1 g/day as reference value), registry site (GDCN vs. 

TGNR), and immunosuppressive therapy of any type (vs. No 

immunosuppression).  Analyses and graphical plotting were 

conducted using SAS 9.3.1 (SAS Institute, Cary, NC) and R version 

2.15.2 (www.r-project.org).   

  

http://www.r-project.org/
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Methods for Aim3:  Evaluate the value of the decision for the use of 

anticoagulation therapy prophylactically to prevent VTE in subjects 

with primary MN  

Hybrid Markov-decision tree model  

A hybrid Markov-decision tree model for the decision analysis was 

built as below in Figure A3-1.  Two alternative therapeutic strategies 

were compared: 1) prophylactic anticoagulation with warfarin (target 

INR 2 to 3) and 2) clinical observation and treatment of symptomatic 

VTE.  A simulated cohort of 10,000 patients was assumed to enter 

the model.  We employed monthly cycles over a 24-month time 

horizon to assess the relative benefit of anticoagulation compared to 

clinical observation, balancing the risk of major bleeding against risk 

of VTE at various levels of hypoalbuminemia.  Input data for the 

model were derived from a large inception cohort of patients and a 

systematic review of the literature.  The analysis was run in two 

ways: base-case analysis using point estimates of input variables 

and probabilistic sensitivity analysis with Monte-Carlo simulation 

method.  
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Figure A3-1.  Hybrid Markov-decision tree model  

 

The square indicates a decision node in which the clinician may choose from either of two 

alternatives—prophylactic AC or observation and treatment of clinically apparent VTE.  

The circles represent chance nodes in which events occur at random (i.e., outside the 

clinician’s control). The letter M in a circle represents a Markov node and the triangles 

represent terminal nodes or clinical end outcomes.   

Abbreviations: AC, anticoagulation; obs, observation; VTEobs, VTE occurring in the observation 

strategy; VTEon AC , VTE occurring while on prophylactic anticoagulation; VTEoff AC, VTE 

occurring subsequent to a major bleeding event 

 

Risk estimates for VTE 

To apply the VTE risk estimates in various hypoalbuminemia levels 

to the model, we calculated the incidence rates of VTE on 539 

patients from an inception cohort of 958 patients with biopsy-proven 

primary membranous nephropathy pooled from the University of 

North Carolina and the University of Toronto (Figure A3-2).  
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Figure A3-2.  Study diagram to calculate the incidence rate of VTE in 

a pooled inception cohort of membranous nephropathy  

GDCN = Glomerular Disease Collaborative Network; TGNR = Toronto Glomerulonephritis 

Registry; VTE = Venous thrombembolic event  

Numbers in parenthesis are numbers of studies excluded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patients with underlying infection, cancer, autoimmune disease 

(other than MN), prior history of VTE, or known thrombotic propensity 

or precipitating event (e.g. catheter) were excluded.   The incidence 

rate of VTE was calculated as the total of new events divided by the 

N= 554,  

TGNR Cohort  

N= 404,  

GDCN Cohort  

N= 958, 

Pooled inception cohort  

N= 737, 

With longitudinal data to calculate 

the duration of hypoalbuminemia  

N= 121, Eliminated:  

Incomplete information of serum 

albumin and proteinuria 

N= 198, Eliminated: 

Follow-up albumin >3.0 g/dl (175),  

VTE event at presentation (23)  

N= 539, 

With nephrotic syndrome defined 

as serum albumin <3.0 g/dl and 

proteinuria >3.5 g/day  
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sum of person-time at risk: measured as the duration of 

hypoalbuminemia with thresholds: <2.0, <2.3 <2.5 <2.8, and <3.0 

g/dl.    

A systematic search was conducted to compare the incidence rates 

of VTE derived from our cohort to those in the published literature 

using PubMed, EMBASE, and Cochrane Central Register of 

Controlled Trials databases as well as prior reviews5,33 and decision 

analysis29 (See below, Table A3-1 for specific search criteria).   

 

Table A3-1.  Search strategy of a systematic review for the incidence 

rate of VTE  

Electronic databases 

 

Search strategies  

(week 1 of Jan 1995 to week 2 of Oct 2011) 

PubMed 1. "nephrotic syndrome"[MeSH Terms]  

2.  nephrotic[tw] 

3. nephrotic syndrome[tw] 

4. (#1 OR #2 OR #3) 

5.  “Glomerulonephritis,membranous”[MeSH 

Terms] 

6. membranous nephropathy[tw] 

7. membranous glomerulonephr*[tw] 

8. (#5 OR #6 OR #7)  

9. (#4 AND #8) 

10. "embolism and thrombosis"[MeSH Terms] 

11. embolism[tw] 

12. thrombosis[tw] 

13. thromboemboli*[tw] 

14.embol*[tw] 

15.thrombotic[tw] 

16. (#10 OR #11 OR #12 OR #13 OR #14 OR 

#15) 

17. (#9 AND #16) 
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EMBASE 1. membranous AND ('nephropathy'/exp OR 

nephropathy) 

2. membranous AND ('glomerulonephritis'/exp 

OR 'glomerulonephritis') 

3. nephrotic AND ('syndrome'/exp OR 

'syndrome') 

4. (#1 OR  #2) AND #3 

5. 'child'/exp OR child 

6. (#4 NOT #5) 

7. 'embolism'/exp OR 'embolism' 

8. 'thromboembolic'/exp OR thromboembolic 

9. thrombotic 

10. 'thrombosis'/exp OR thrombosis 

11. (#7 OR #8 OR #9 OR #10) 

12. (#6 AND #11) 

Cochrane Central Register of 

Controlled Trials (CENTRAL) 

1. (nephrotic syndrome ):ti,ab,kw 

2. (nephrotic NEXT syndrome*) 

3. (Glomerulonephritis, Membranous):ti,ab,kw 

4. (Membrano* NEXT glomerul*) 

5. (Membrano* NEXT nephr*) 

6. (Thromb*) 

7. (emboli* OR embolus) 

8. (emboli* OR embolus) 

9. (coagulopathy) 

10. (Blood Coagulation Disorders):ti,ab,kw 

11. (( #1 OR #2 ) AND ( #3 OR #4 OR #5 )) 

 

We included studies (n=224) which reported on: 1) adult patients with 

biopsy-proven membranous nephropathy; 2) symptomatic VTE 

ascertained by appropriate diagnostic methods; and 3) incidence 

rates of VTE defined as new events divided by total exposure 

person-time at risk for VTE, i.e., the total period of nephrotic 

syndrome.  We excluded review articles (n=41), case series with 

fewer than 10 patients (n=54) or only children (n=12), articles not 

addressing membranous nephropathy (n=62) and non-English 
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language (n=10).  Of the 41 articles reviewed, none had appropriate 

estimates of incidence rates of VTE in membranous nephropathy or 

took into account serum albumin levels (see below Figure A3-3).    
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Figure A3-3.  Study diagram of a systematic review for the incidence 

rate of VTE  

VTE = Venous thromboembolic event 

Numbers in parenthesis are numbers of studies excluded. 
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Risk estimates for major bleeding 

Risk estimates for major bleeding from warfarin prophylactic 

anticoagulation would ideally derive from patients with membranous 

nephropathy or nephrotic syndrome.  An exhaustive literature search 

revealed no published study reporting the risk of bleeding in these 

populations (Figure A3-4).   

 

Figure A3-4. Study diagram of systematic review for the incidence 

rate of major bleeding from warfarin anticoagulation in the setting of 

nephrotic syndrome 

Numbers in parenthesis are numbers of studies excluded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No article selected                             
(N = 0) 

Excluded after screening of abstracts and titles (N = 74) 
 Participants: cancer, child, not nephrotic syndrome  (8) 

 Interventions: no anticoagulation used (14) 

 Study outcomes: no bleeding outcome (3) 

 Study design: case report or review article (27) 

 Irrelevant studies: not related to the topic (19) 

 Foreign language: not English paper (3)  

 

Identified and screened 
Titles and abstracts from 
the Electrical Databases: 
PubMed (11), EMBASE 
(62), and CENTRAL (1) 
(N = 74) 



 36 

We therefore referred to the Anticoagulation and Risk Factors in 

Atrial Fibrillation (ATRIA) study34-36, a large cohort study of 

prophylactic anticoagulation using warfarin in patients with atrial 

fibrillation.  That study defined major bleeding as major vital organ 

hemorrhage including intracranial hemorrhage, retroperitoneal 

hemorrhage, or hemorrhage requiring transfusion of ≥ 2 units of 

blood.  The ATRIA risk score for major bleeding was derived by 

multivariate regression model and based on anemia (hemoglobin 

<13 g/dl in men and <12 g/dl in women) (3 points), estimated 

glomerular filtration rate  <30 mL/minute/1.73m2 (3 points), age ≥ 75 

years (2 points), prior hemorrhage (1 point) and diagnosis of 

hypertension (1 point).  For our model, we adopted the three 

bleeding risk categories described in the ATRIA study and their 

respective rates of major bleeding per 100 person-years: low (0-3 

points) 0.76; intermediate (4 points) 2.62; and high (5-10 points) 

5.76.   

To compare the ATRIA study’s estimated risks for major bleeding to 

those reported by randomized controlled trials, which used warfarin 

anticoagulation, we conducted a systematic literature review (Table 

A3-3, Figure A3-5).   
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Table A3-3.  Search strategy of a systematic review for the incidence 

rate of major bleeding from anticoagulation with warfarin 

Electronic databases 

 

Search strategies  

(week 1 of Jan 2000  to week 2 of Oct 2011) 

PubMed 1. ("coumarins"[MeSH Terms] OR 

coumarin*[tw] OR warfarin[tw] OR 

acenocoumarol[tw] OR dicumarol[tw] OR 

ethyl biscoumacetate[tw] OR 

phenprocoumon[tw] OR oral 

anticoagulant*[tw] OR vitamin k 

antagonist*[tw] OR VKA*[tw])  

2.(embol*[tw] OR thrombosis[tw] OR 

thromboemobli*[tw] OR thrombotic[tw] OR 

“Deep vein thrombosis”[tw] OR DVT[tw] OR 

“Renal vein thrombosis”[tw] OR “Deep 

venous thrombosis”[tw] OR "Venous 

Thrombosis"[MeSH Terms] OR 

"Thrombosis"[MeSH Terms]OR "Pulmonary 

embolism"[MeSH Terms] OR "atrial 

fibrillation"[MeSH] OR “atrial fibrillation”[tw] 

OR “non-valvular atrial fibrillation”[tw] OR 

“non valvular atrial fibrillation”[tw]) 

3. ("hemorrhage"[MeSH Terms] OR 

hemorrhage[tw] OR haemorrhage[tw] OR 

bleed*[tw] OR adverse effect*[tw]) 

4. ("clinical trial"[Publication Type] OR 

"clinical trial as topic"[MeSH Terms]) 

5. #1 AND #2 AND #3 AND #4 

EMBASE  1.(‘clinical trial’/exp) 

 2.('deep vein thrombosis'/exp OR 'kidney 

vein thrombosis'/exp OR 'lung 

embolism'/exp OR 'heart atrium 

fibrillation'/exp OR ‘atrial fibrillation’) 

3.('bleeding'/exp OR hemorrhag* OR 

haemorrhag* OR bleed* OR 'adverse effect' 

OR 'adverse effects') 

4.(coumarin* OR 'warfarin'/exp OR 

'acenocoumarol'/exp OR 'dicumarol'/exp OR 
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'ethyl biscoumacetate'/exp OR 

'phenprocoumon'/exp OR 'oral 

anticoagulant'/exp OR oral anticoagulant* 

OR 'vitamin k antagonist'/exp OR vitamin k 

antagonist* OR vka*) 

5. #1 AND #2 AND #3 AND #4 

Cochrane Central Register of Controlled 

Trials (CENTRAL) 

1.(vitamin near K near (antag* or inhib*) OR 

VKA* OR warfarin OR dicoum* OR 

phenprocoum* OR couma* OR acenocoum* 

OR Anticoagulants [*therapeutic use]) 

2.(Bleed* OR Adverse near effect* OR 

Hemorrhage OR Haemorrhage) 

3.(embol*[tw] OR thrombosis[tw] OR 

thromboemobli*[tw] OR thrombotic[tw] OR 

“Deep vein thrombosis”[tw] OR DVT[tw] OR 

“Renal vein thrombosis”[tw] OR “Deep 

venous thrombosis”[tw] OR "Venous 

Thrombosis"[Mesh] OR "Thrombosis"[Mesh] 

OR "Pulmonary embolism"[Mesh] OR "atrial 

fibrillation"[MeSH] OR “atrial fibrillation”[tw] 

OR “non-valvular atrial fibrillation”[tw] OR 

“non valvular atrial fibrillation”[tw]) 

4. #1 AND #2 AND #3 
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Figure A3-5.  Study diagram of systematic literature search for the 

incidence rate of major bleeding from warfarin anticoagulation 

VTE = Venous thromobembolic event; INR = International normalized ratio 

Numbers in parenthesis are numbers of studies excluded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Full copies retrieved and 
assessed for eligibility                            
(N = 134) 

Excluded   (N = 1135) 
 Participants: pregnancy, cancer, children, coagulation factor 

deficiency, end stage renal disease  (98) 

 Interventions: different target INR, combined regimen with 

other antiplatelet drugs (249) 

 Study outcomes: not presenting bleeding frequency in the 

result of study (61) 

 Study design: not controlled clinical trials including review, 

editorial,  case report or series (n<20) and research protocols 

(253) 

 Irrelevant studies: (neither warfarin use nor VTE 

information in the study)  (339) 

 Duplicated study: (80) 

 Foreign language: (55) 

 

Identified and screened Titles 
and abstracts from the 
Electrical Databases: PubMed 
(311), EMBASE (114), and 
CENTRAL (844) 
(N = 1269) 
 

Excluded   (N = 123) 
 Participants: cancer patients (1) 

 Intervention: no use of warfarin (1); different target INR (9); 

short-term use of warfarin less than 3 months (17); 

combined regimen with aspirin (2) 

 Outcome: no report on bleeding rate (16); cumulative 

incidence rate or not presenting time-to-event rate of major 

bleeding (31) 

 Design: not controlled clinical trial (1) 

 Duplicate or multiple publication of same data: (45) 

Selected study (N = 11) 
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The incidence rates for major hemorrhage (0.9 to 4.6 per 100 

person-years) reported by other studies were within the ranges used 

in the ATRIA study (0.7 to 6.6 per 100 person-years).  These 

incidence rates are therefore reflected in our sensitivity analyses 

(see below, Table A3-4). 

 

Table A3-4.  Characteristics of 11 studies selected in the systematic 

literature search for the incidence rate of major bleeding 

Study Year Clinical setting Total N of 

warfarin 

use 

N of 

major 

bleeding 

IR*  

Kearon et al37 2003 Prevention of recurrent VTE 369 8 0.9 

Pengo et al38 2003 Atrial fibrillation 55 3 2 

Douketis et al39  2006 Atrial fibrillation 3665 136 2.68 

Cokkinos et al40  2006 Chronic heart failure 54 4 4.6 

Flaker et al41 2006 Atrial fibrillation 3172 100 2.3 

Connolly et al42 2006 Atrial fibrillation 3371 93 2.21 

Siragusa et al43  2008 Prevention of recurrent DVT 88 2 1.1 

Bousser et al44 2008 Atrial fibrillation 2108 29 1.4 

Wallentin et al45 2010 Atrial fibrillation 6022 421 3.57 

Patel et al46 2011 Atrial fibrillation 7125 386 3.40 

Granger et al47  2011 Atrial fibrillation 9052 462 3.09 

Superscripted numbers are references 

* IR= numbers of event/100 person-year 

Abbreviations: IR, Incidence rate; PY = Person-years; VTE = Venous thromboembolic event; 

DVT = Deep venousthrombosis 

 

To verify whether patients with nephrotic syndrome have a greater 

risk of hemorrhage with warfarin anticoagulation, we analyzed the 

incidence of major bleeding in a separate cohort of 98 patients with 

glomerulonephritis and hypoalbuminemia (MN 72%; FSGS 25%, IgA 
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Nephropathy 3%) and hypoalbuminemia (<3 g/day).  We compared 

the incidence of bleeding in this cohort to that predicted by the 

ATRIA study, taking into accounts the bleeding risk score for each 

patient. 

Input probabilities  

All incidence rates were converted to probabilities using the formula: 

probability = 1- e(-rate x time) 48.   For the probabilities of VTE at various 

serum albumin levels, we used our own cohort data.   For 

probabilities of major bleeding, we used the data from the ATRIA 

study.  Case-fatality rates of VTE and major bleeding were obtained 

from a systematic review article49, as no deaths from these causes 

occurred in our cohort.  The probabilities of death rate from other 

causes, progression to end stage renal disease, and recovery from 

nephrotic syndrome were derived from our inception cohort data. 

Incremental benefit-to-risk ratio 

The model calculated the number of VTEs that would occur with 

(VTEon AC) and without (VTEobs) prophylactic anticoagulation for 24 

months.  The number of major bleeds (bleedon AC) was accumulated 

only for the prophylaxis strategy, as the risk of spontaneous severe 

hemorrhage (requiring blood transfusion) in the absence of 

anticoagulation is exceedingly low.  We presented the ratio of the 

number of VTEs prevented (incremental benefit, ∆B: VTEon AC-

VTEobs) to the number of major bleeds that would have occurred with 

prophylaxis (incremental risk, ∆R: bleedon AC-0) as a main outcome of 

interest50.  The incremental benefit-to-risk ratio calculation was 
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repeated for different levels of bleeding risk and serum albumin 

concentration (<2.0, <2.3, <2.5, <2.8, and <3.0 g/dl).  

Probabilistic sensitivity analysis 

A point estimate of the benefit-to-risk ratio is insufficient to draw 

conclusions about the use of prophylactic anticoagulation.  To 

characterize the effect of the uncertainty of our model inputs, we 

conducted a probabilistic sensitivity analysis whereby all model 

inputs are varied simultaneously across appropriately defined 

distributions.   Using a Monte Carlo simulation (with 1,000 

iterations)48, values of each model input were selected randomly from 

the assigned distributions and the numbers of VTEs and major 

bleeding events incurred were calculated for the prophylaxis and 

observation strategies.  The numbers of VTEs prevented and major 

bleeding events was displayed in a scatter plot.  The Monte Carlo 

simulation was repeated for each combination of bleeding risk and 

serum albumin concentration. 

Likelihood of net-benefit   

To present the simulation results in a manner to assist clinical 

decision-making, we adopted the concept of net-benefit framework51 

and used it to create benefit-risk acceptability curves.  For example, 

a benefit-to-risk trade-off ratio of 10:1 would accept 1 hemorrhage for 

10 VTEs prevented.  For each trade-off ratio, if the net-benefit is >0, 

then prophylactic anticoagulation offers a greater benefit than 

observation.  For a range of trade-off values, the curves represent 

the proportion of times that prophylaxis would be beneficial.  This 
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probability was calculated for each combination of bleeding risk 

category and serum albumin level.  
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Results of Aim1 study: The risk and risk factor of CVE in primary MN 

Incidence of cardiovascular events in primary membranous 

nephropathy 

A total of 404 patients with primary MN identified from the GDCN 

registry comprised the study cohort to evaluate the risk of CVE.  

Table A1-1 shows the detailed baseline characteristics of the study 

and validation cohorts.  Patients in the GDCN study cohort (60% 

men, mean age 55 years) presented with a mean proteinuria of 8.7 ± 

6.2 g/d and a mean serum albumin of 2.5 ± 0.8 g/dl.  Eighty-eight 

percent presented with nephrotic syndrome (defined as proteinuria > 

3.5 g/d and serum albumin < 3.2 g/dl) and 62% had an estimated 

glomerular filtration rate (eGFR) > 60 ml/min per 1.73 m2.   
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Table A1-1. Baseline characteristics of the GDCN study cohort  

  GDCN 

(N=404) 

Age, mean±sd (years)  51.4 ± 15.5 

Male gender (%) 60 

Racea, White, Black, Others (%) 71, 20, 9 

Diabetes (%) 9 

Ever smoking, Current smoking (%) 33, 21 

Previous history of CVE (%) 12 

Serum creatinine, mean±sd (mg/dl) 1.5 ± 1.3 

eGFR, mean±sd (ml/min/1.73m2) 68.9 ± 33.5 

Categorized eGFR>60, 45-60, <45 (%) 62, 16, 22 

Proteinuria, mean±sd (g/d) 8.7 ± 6.2 

Serum albumin, mean±sd (g/dl) 2.5 ± 0.8 

Serum total cholesterol, mean±sd (mg/dl) 337.9 ± 107.7 

Serum total cholesterol ≥300 (mg/dl) (%) 60 

Nephrotic syndrome (%) 88 

Aspirin, Statin (%) 21, 40 

Immunosuppressants: Steroids, CNI, Cytoxan (%) 76, 7, 22 

Follow-up duration, median[IQR] (months) 24.3 [9.9-52.7] 

 

During the median follow-up of 24.3 months (interquartile range [IQR] 

9.9-52.7 months), 31 patients had a CVE, 58 progressed to ESRD 

and 6 died of causes other than CVE.  The distribution of CVE 

events according to times post biopsy and status of nephrotic 

syndrome at the time of event is shown in Figure 1.  The majority of 

total CVEs (21 out of 31 events) occurred within 2 years after 
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diagnosis, with 57% (12 out of 21 events) of them occurring while the 

patient had severe proteinuria  (mean 7.6 ± 4.1 g/d) and 

hypoalbuminemia (mean 2.5 ± 0.7 g/dl).  In contrast, about one third 

of total CVEs (10 out of 31 events) occurred beyond 2 years after 

diagnosis. These late CVEs occurred in 7 patients in complete 

remission and in 3 patients with subnephrotic proteinuria at the time 

of the event (Figure A1-1).  The proteinuria (2.2 ± 1.5 g/d, P < 0.001) 

and hypoalbuminemia (3.6 ± 0.4 g/dl, P < 0.001) at the time of the 

event in patients with late CVEs were significantly less severe 

compared to patients who experienced CVE early within 2 years of 

kidney biopsy (7.6 ± 4.1 g/d and 2.5 ± 0.7 g/dl, respectively)(Table 

A1-2).     
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Figure A1-1. Number of cardiovascular events observed according to 

the duration of follow-up and the status of nephrotic syndrome in 

primary MN cohorts  

 

GDCN, Glomerular Disease Collaborative Network; TGNR, Toronto Glomerulonephritis 

Registry; MN, Membranous nephropathy; CVE, Cardiovascular event 
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Table A1-2. Comparison of the characteristics at the time of CVE 

between early and late CVEs in GDCN and TGNR cohorts 

 GDCN (N=31) 

Characteristics at the time of 

CVEs 

Early CVE 

(N=21) 

Late CVE 

(N=10) 
P-value 

Age (years) 64 ± 11 62 ± 11 0.71 

eGFR (ml/min/1.73m2) 47 ± 24 57 ± 27 0.40 

Proteinuria (g/d) 7.6 ± 4.1 2.2 ± 1.5 <0.001 

Serum albumin (g/dl) 2.5 ± 0.7 3.6 ± 0.4 <0.001 

Exposure time to NS (month) 5.8 ± 5.3 6.3 ±13.9 0.66 

Total observation time (year) 194 644  

Incidence rate (N of event/100 PY) 10.8 1.6  

 TGNR (N=21) 

Characteristics at the time of 

CVEs 

Early CVE 

(N=11) 

Late CVE 

(N=10) 
P-value 

Age (years) 62 ± 11 59 ± 9 0.61 

eGFR (ml/min/1.73m2) 50 ± 27 51 ± 19 0.81 

Proteinuria (g/d) 7.5 ± 2.8 2.9 ± 1.8 <0.001 

Serum albumin (g/dl) 2.7 ± 0.9 3.5 ± 0.6 0.02 

Exposure time to NS (month) 7.3 ± 6.5  13.0 ± 24.1 0.02 

Total observation time (year) 175 2210  

Incidence rate (N of event/100 PY) 6.3 0.5  

Early CVE defined as occurrence ≤ 2 years from time of biopsy and late CVE defined as an 

occurrence > 2 years from time of biopsy.  

Abbreviation: CVE, Cardiovascular event; GDCN, Glomerular Disease Collaborative Network; 

TGNR, Toronto Glomerulonephritis Registry; MN, Membranous nephropathy; eGFR, estimated 

glomerular filtration rate; NS, Nephrotic syndrome; PY, Person-years 

 

The cumulative incidence rates of newly diagnosed CVEs in 

competing risk analysis were 4.4%, 5.4%, and 8.2%, at 1, 2, and 3 

years after biopsy, respectively.  At the same time points, the 
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cumulative incidence rates of ESRD were 5.6%, 8.9%, and 11.9%, 

respectively (Figure A1-2A). Among patients with baseline eGFR ≥ 

60ml/min per1.73m2, the estimated incidence of CVE exceeded that 

of ESRD during the first 3 years after diagnosis (cumulative 

incidence rates of 2.6%, 3.7%, and 6.4% for CVE vs. 0.5, 2.5, and 

6.1% for ESRD at 1, 2, and 3 years respectively) (Figure A1-2B).  In 

contrast, among patients with eGFR < 60 ml/min per 1.73m2 at 

baseline, the cumulative incidence of ESRD exceeded that of CVE 

beyond the first 6 months after kidney biopsy (cumulative incidence 

of 7.1%, 8.0% and 11.0% for CVE and 11.9%, 16.9%, and 18.9% for 

ESRD at 1, 2 and 3 years respectively) (Figure A1-2B).  

Nevertheless, even in this subgroup of patients, a trend of relatively 

high incidence of CVE early in the course of disease was observed.  
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Figure A1-2A. Cumulative incidences of CVE, ESRD, and death 

unrelated to CVE in the GDCN cohort  

 

The cumulative incidence rate of CVE was calculated by accounting for the influence of 

competing risks of ESRD and death unrelated to CVE.   

GDCN, Glomerular Disease Collaborative Network; MN, Membranous nephropathy; CVE, 

Cardiovascular event; ESRD, End stage renal disease 
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Figure A1-2B.  The incidence of CVE is commensurate to, or 

exceeding to the one of ESRD in the early period of follow-up  

 

Cumulative incidence probabilities of CVE and ESRD were calculated by competing risk 

analysis. In pateints with eGFR >=60 at baseline (red lines), the incidence rate of CVE (red 

solid line) is much higher than the one of ESRD (red dotted line).  Patents with eGFR<60 show 

as high incidence of CVE (black solid line) in the early period of follow-up as the one of ESRD 

(black dotted line).  

GDCN, Glomerular Disease Collaborative Network; CVE, Cardiovascular event; ESRD, End-

stage renal disease; eGFR, estimated glomerular filtration rate 
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Risk factors for CVE in primary membranous nephropathy  

The risk factors for CVE were evaluated based on the GDCN cohort 

(Table A1-3).  By univariable analysis, older age (hazard ratio [HR] 

1.8 per decade increase, 95% confidence interval [CI] 1.3-2.5, 

P<0.001), history of previous CVE (HR 6.0, 95% CI 2.9-12.5, 

P<0.001), and diabetes mellitus (HR 4.4, 95% CI 1.9-10.4, P<0.001) 

were significantly associated with CVE.  Neither current smoking (HR 

1.1, 95% CI 0.4-2.5, P= 0.868) nor a history of smoking (ever 

smoker) (HR 1.5, 95% CI 0.6-3.8, P = 0.439) was statistically 

significantly associated with an increased occurrence of CVE.  In 

addition to the previously established CVE risk factors, severe renal 

dysfunction at baseline (by 3 categories of eGFR<45, 45-60 and >60 

ml/min per 1.73 m2) was also associated with increased likelihood of 

CVE (HR 1.7 per increase of the category, 95% CI 1.1-2.5, P=0.011).  

During the period of observation, changes in renal function and 

severity of nephrotic syndrome influenced the incidence of CVE as 

observed in Figure A1-1. Therefore, in addition to the baseline 

characteristics, we considered these two time-varying characteristics 

as important covariates of CVE-risk estimation models; we assigned 

varying categories during follow-up of for the severity of nephrotic 

status (nephrotic syndrome vs. subnephrotic or complete remission) 

and for renal dysfunction (as described above).  Time-dependent 

status of nephrotic syndrome (HR 2.2, 95%CI 1.1 to 4.3, P=0.027) 

and severe renal dysfunction (eGFR<45 ml/min per 1.73m2) (HR 1.6, 

95% CI 1.1 to 2.3, P=0.023) were significantly associated with the 
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increased hazards of CVE in each univariable model (Table A1-3).  

In addition to smoking (not a significant but recognized risk factor for 

CVE and thrombosis), all the characteristics identified below the 

cutoff of variable selection criteria in univariable models were 

considered potential explanatory variables in the final multivariable 

model.  Four independent risk factors were selected as statistically 

significant after adjusting for covariates incorporated in the final 

model: the time-dependent, severity of nephrotic syndrome 

increased the potential of CVE by 2.1 fold (95% CI, 1.1 to 4.3; P= 

0.032); three traditional risk factors including older age (HR 1.6), 

diabetes (HR 3.0), and history of previous CVE (HR 2.7) also 

remained independent predictors of CVE (Table A1-3). 
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Table A1-3. Risk factors for CVE in the GDCN cohort 

 HR 95% CI  P-value 

Univariable model  

    Age at biopsy (decade increase from <30 yo) 1.8 1.3-2.5 <0.001 

    Sex, male 1.0 0.5-2.1 0.973 

    Diabetes  4.4 1.9-10.4 <0.001 

    Previous history of CVE  6.0 2.9-12.5 <0.001 

    Ever-smoking (vs. never-smoking) 1.5 0.6-3.8 0.439 

    Current  (vs. ever-or no-smoking) 1.1 0.4-2.5 0.868 

    Lower eGFR category (<45, 45-60, >60)  1.7 1.1-2.5 0.011 

    Nephrotic syndrome (vs. subnephrotic)  2.4 0.6-10.2 0.232 

    Medication use    

         Aspirin 1.8 0.8-4.0 0.112 

         Corticosteroid 0.6 0.3-1.2 0.157 

         CNI 0.3 0.03-1.5 0.143 

         Statin 0.5 0.3-1.1 0.096 

    Total cholesterol (≥300, 200-300,<200mg/dl) 1.5 0.7-3.2 0.311 

Time-varying variablesa     

    Lower eGFR category  2.2 1.1-4.3 0.027 

    Severity of nephrotic syndrome  

   (nephrotic vs. subnephrotic vs. normal) 
1.6 1.1-2.3 0.023 

Multivariable modelb  

    Age at biopsy (decades)  1.6 1.2-2.2 0.003 

    Diabetes  3.0 1.2-7.7 0.025 

    Previous history of CVE  2.7 1.2-6.3 0.02 

    Time-varying severity of nephrotic syndrome 2.1 1.1-4.3 0.032 

aTime-varying values of eGFR category and severity of nephrotic syndrome over the follow-up 

times were taken into account as explanatory variables 

bCurrent-smoking, statin-use, baseline and time-varying lower eGFR categories were removed 

from the final model by backward elimination.   

Abbreviations: MN, membranous nephropathy; CVE, cardiovascular events; HR, Hazard Ratio; 

C.I, confidence interval; eGFR; estimated glomerular filtration rate calculated by MDRD 

equation; CNI, calcineurin inhibitors 
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Validation of the risk for CVE in the TGNR cohort of patients with 

primary MN 

To validate the findings of the increased risk and the pattern of CVE 

associated with disease activity in patients with primary MN, we 

examined the cumulative incidence of CVE and assessed risk factors 

in an independent cohort of 557 patients with primary MN recruited 

from the TGNR (Table A1-4).  Compared to the GDCN cohort, 

patients in the TGNR cohort were younger (mean age of 47 years vs. 

51 years in GDCN, P<0.05), more frequently of Pacific Asian 

descent, and presented with better preserved renal function and less 

severe disease: 72% of the TGNR patients presented with an eGFR 

>60 ml/min per 1.73m2 (vs. 62% in GDCN P<0.05), and 74% had 

nephrotic syndrome (vs. 88% in GDCN, P<0.05).  
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Table A1-4. Comparison of variables between GDCN study cohort 

and TGNR validation cohort 

  GDCN 

(N=404) 

TGNR 

 (N=557) 

P-value 

Age (years) 51.4 ± 15.5 46.7 ± 16.7 <0.001 

Male gender (%) 60 65 0.173 

Race, White/Black/Others (%) 71/20/9 73/7/20 <0.001 

Diabetes (%) 9 3 <0.001 

Smoking, Ever/Current (%) 33/21 31/NA 0.193 

Previous history of CVE (%) 12 13 0.212 

Serum creatinine (mg/dl) 1.5 ± 1.3 1.1 ± 0.7 <0.001 

eGFR (ml/min/1.73m2) 68.9 ± 33.5 78.9 ± 36.7 0.008 

eGFR >60/ 45-60/<45 (%) 62/16/22 72/15/13 0.009 

Proteinuria (g/d) 8.7 ± 6.2 7.7 ± 6.6 0.005 

Serum albumin (g/dl) 2.5 ± 0.8 2.5 ± 0.7 0.922 

Serum total cholesterol (mg/dl)a 337.9 ± 107.7 326.9 ± 100 0.189 

Serum total cholesterol≥300 (%) 60 57 0.210 

Nephrotic syndrome (%) 88 74 0.021 

Aspirin/Statin-useb 21/40 17/22 NA 

Steroids c/CNI/Cytoxan (%)c 76/7/22 50/10/22 0.018 

Follow-up duration (months) 24.3 [9.9-52.7] 52 [21.3-96.2] <0.001 

Data presents with mean ± standard deviation or median [interquartile range] for continuous 

variables and with percentages for categorical variables.  

a Number of patients with valid laboratory values were limited: GDCN, 270/404 (67%); 

TGNR,341/557(61%) 

b Number of patients with valid information were limited in TGNR cohort: aspirin- and statin-use, 

352/557 (63%) 

c Comparison on the proportion of steroids  
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During the median follow-up of 52 months, a total 21 CVEs were 

observed, while 57 patients progressed to ESRD.  The cumulative 

incidence of CVE and ESRD were 1.1% and 0.8% at 1 year; 2.0% 

and 3.0% at 2 year; 2.5% and 4.6% at 3 years; 3.1% and 6.6% at 5 

years, respectively (Figure A1-3).  Similar to the findings in the 

GDCN cohort, patients in the TGNR cohort who suffered a CVE 

within the first 2 years after diagnosis had significantly more severe 

proteinuria (7.5 ±2.8 g/d vs. 2.9 ± 1.8 g/d, P < 0.001) and 

hypoalbuminemia (2.7 ± 0.9 g/d vs. 3.5 ± 0.6 g/dl, P=0.02) at the 

time of CVE compared to patients with later events (Table A1-2).  In 

the univariable risk prediction models, older age (HR 1.6), diabetes 

(HR 4.6), prior CVD (HR 11.3), and severe renal dysfunction (HR 

1.7) were also significantly associated with CVE in the TGNR cohort 

just as they were in the GDCN cohort (Table A1-5).   In the 

multivariable survival analysis model, time-dependent severity of 

nephrotic status (HR 2.3, 95% CI, 1.0 to 5.2; P=0.04), older age (HR 

1.4, 95% CI, 1.1 to 2.0; P=0.024) and history of previous CVE (HR 

4.3, 95% CI, 1.5 to 7.3; P<0.001) were independently associated with 

CVE, similar to the findings in the GDCN model (Table A1-5).  These 

risk factors remained independently associated with CVE in a 

multivariate model of the combined GDCN + TGNR cohort (Table 

A1-5).    

  



 59 

Figure A1-3. Comparison of outcomes between GDCN and TGNR 

cohorts  

GDCN, Glomerular Disease Collaborative Network; TGNR, Toronto Glomerulonephritis 

Registry; CVE, Cardiovascular event; ESRD, End-stage renal disease; eGFR, estimated 

glomerular filtration rate 
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Table A1-5. Risk factors for CVE in TGNR cohort and GDCN+TGNR 

combined cohort  

 HR 95% CI  P-value 

Univariable model with TGNR cohorta  

Baseline variables    

    Age (per decade increase from<30 yo) 1.6 1.2-2.2 0.003 

    Sex, male 3.2 0.8-10.9 0.084 

    Diabetes  4.6 1.1-18.4 0.004 

    Previous history of CVE  11.3 4.3-21.5 <0.001 

    Ever-smoker  1.1 0.5-2.8 0.948 

    Lower eGFR category (<45, 45-60,>60)  1.7 1.0-2.9 0.042 

    Nephrotic syndrome (vs. subnephrotic)  3.1 0.6-15.2 0.114 

Time-varying variables     

    Lower eGFR category  2.2 1.1-4.3 0.027 

    Severity of nephrotic syndrome  

   (nephrotic vs. subnephrotic vs. normal) 
1.6 1.1-2.3 0.023 

Multivariable model with TGNR cohorta  

    Age decades at biopsy  1.5 1.1-2.0 0.022 

    Previous history of CVE  11.5 3.4-26.3 <0.001 

    Time-varying severity ofnephrotic syndrome 2.3 1.0-5.2 0.045 

Multivariable model with combined cohort (GDCN+TGNR)b 

    Age decades at biopsy  1.6 1.3-1.9 <0.001 

    Previous history of CVE  4.5 2.2-9.0 <0.001 

    Time-varying severity of nephrotic syndrome 2.4 1.4-4.0 0.002 

    TGNR cohort (vs. GDCN cohort) 0.5 0.3-0.9 0.014 
 

a Sex, diabetes, lower eGFR category at baseline and time-varying lower eGFR were 

eliminated in the final model. Aspirin- and statins-use were not tested due to missing 

information in 33% of cohort.  

bDiabetes, Nephrotic status at baseline, baseline and time-varying lower eGFR categories, and 

interaction term between cohort identifier and time-varying severity of nephrotic syndrome were 

eliminated in the final model.  
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Comparison of the risk of CVE between primary MN and FSGS   

 To assess whether the risk of CVE is greater in primary MN than 

other causes of nephrotic syndrome, the incidence of CVE in the 

GDCN-MN cohort was compared to that observed among 387 

patients with primary FSGS also from the GDCN registry. Patients 

with FSGS were younger (mean age of 47 vs. 51 years), more 

frequently Black (40% vs. 20%), and presented with more severe 

renal dysfunction (44 % of patients had an eGFR < 45 ml/min per 

1.73m2 vs. 22% of patients with MN, P<0.05) and less severe 

nephrotic syndrome (68% of FSGS patients with full nephrotic 

syndrome vs. 88% with MN, P<0.05) compared to patients with MN 

(Table A1-6).  For a similar duration and frequency of follow-up, the 

estimated cumulative incidence of CVE in the GDCN-MN cohort was 

significantly higher than in the GDCN-FSGS cohort (4% vs. 2% at 1 

year; 8% vs. 5% at 3years, P=0.014) (Figure A1-4).  In a 

multivariable survival model, a diagnosis of MN (vs. FSGS) was 

independently associated with increased risk of CVE (HR 2.1, 95% 

CI 1.1 to 4.2, P=0.023) after adjusting for age, sex, race, diabetes, 

smoking, severity of nephrotic syndrome and renal dysfunction. Age, 

history of previous CVE and severity of nephrotic syndrome 

remained independently associated with CVE (Table A1-7).     
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Table A1-6. Comparison of clinical characteristics between primary 

MN and FSGS  

  
FSGS  

(N=387) 

MN  

(N=404) 

P-

value a 

Age, years  47.5 ± 17.1 51.4 ± 15.5 <0.01 

Male, % 52 60 0.03 

Race, White/Black/Others, % 53/40/7 71/20/9 <0.01 

Diabetes, % 11% 9% 0.28 

Serum creatinine, ml/dl 2.0 ± 1.7 1.5 ± 1.3 <0.01 

EGFR, ml/min/1.73m2 52 ± 29.2 68.9 ± 33.5 <0.01 

Categorized EGFR,  >60/45-60/<45 35/21/44 62/16/22 <0.01 

Serum albumin, g/dl 2.9 ± 1.0 2.5 ± 0.8 <0.01 

Proteinuria, g/day 7.5 ± 6.3 8.7 ± 6.2 <0.01 

Severity of nephrosis   <0.01 

   Severe (PU>3.5 and SAlb <2.5)  68% 88%  

   Moderate (In between) 32% 11%  

   Normal (PU<0.3 and SAlb >3.5) 0% 1%   

Data presents with mean ± standard deviation or median [interquartile range] for continuous 

variables and with percentages for categorical variables.  

a Significant difference with P-value <0.05 by T-test for continuous variables and χ2 test for 

categorical variables 

Abbreviations: MN, membranous nephropathy; FSGS, focal segmental glomerulosclerosis; 

EGFR, estimated glomerular filtration rate by modified MDRD equation; PU, proteinuria; SAlb, 

serum albumin 

 

 

  



 63 

Figure A1-4. Comparison of outcomes between primary MN and 

FSGS cohorts  

MN, Membranous nephropathy; FSGS, Focal segmental glomerulosclerosis; CVE, 

Cardiovascular event; ESRD, End-stage renal disease; eGFR, estimated glomerular filtration 

rate 
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Table A1-7.  Risk factors of CVE in multivariable model comparing 

primary MN with FSGS cohort 

Variables (reference) HR 95% CI  P-value 

Primary MN (vs. FSGS)  2.1 1.1-4.2 0.026 

Time-varying severity of nephrotic 

syndrome (Complete remission) 

1.7 1.0-2.9 0.043 

Age decades at biopsy (<30 years old) 1.6 1.2-2.0 <0.001 

Previous history of CVE  2.6 1.3-5.2 0.005 

Abbreviations: HR, Hazard Ratio; CI, Confidence Interval; MN, membranous nephropathy; 

FSGS, focal segmental glomerulosclerosis; CVE, cardiovascular events 

  



 65 

Results of Aim2 study: The risk and risk factor of VTE in primary MN  

The incidence of VTE in patients with primary MN 

The baseline characteristics of the pooled inception cohort are 

presented in Table A2-1.  Out of 958 patients included in the study 

cohort, a total of 64 patients had at least one VTE based upon the 

observation time with median 33.5 months of follow-up.  Most of VTE 

occurred within the first year of follow-up as seen in Figure A2-1.  By 

the competing risk analysis, the calculated cumulative incidence of 

VTE was about 4.9% at 12 months, 5.5% at 24 months, and 5.9% at 

36 months, respectively (Table A2-2).  
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Table A2-1. Baseline characteristics of the pooled inception cohort 

with primary MN  

Variables Mean ± SD, % 

N 958 

Age at biopsy, years 48.7 ± 16.3 

Male, % 63 

Race, White/Black/Others, % 72/13/15 

Serum creatinine, mg/dl 1.35 ± 1.07 

eGFR, ml/min/1.73m2 74.7 ± 35.7 

Categorized eGFR, >60/45-60/<45 68/16/16 

Nephrotic syndrome, % 85% 

Proteinuria, g/day 8.0 ± 5.5 

Serum albumin, g/dl 2.5 ± 0.7 

Serum total cholesterol, mg/dl 333 ± 104 

Aspirin/Statin-use, % 19/32 

Steroid/CNI/Cytoxan-use, % 61/13/33 

Duration, median [IQR], months 33.5 [13.1-74.5] 

Abbreviations: MN, Membranous nephropathy; SD, Standard deviation;  

eGFR, estimated Glomerular Filtration Rate calculated by MDRD equation; 

CNI, Calcineurin inhibitor 
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Figure A2-1. Cumulative Incidence functions of outcomes in the 

study cohort 

 

 

 

Table A2-2.  The cumulative incidences of VTE, ESRD, and death 

unrelated to VTE 

  12 months 24 months 36 months 

VTE (%) 4.9 (3.5-6.3) 5.5 (4.1-7.0) 5.9 (4.3-7.5) 

ESRD (%) 2.7 (1.6-3.7) 5.2 (3.7-6.8) 7.1 (5.2-9.1) 

Death, not related to VTE (%) 0.2 (0.0-0.5) 0.5 (0.0-0.9) 0.6 (0.1-1.2) 

Abbreviations: VTE, Venous Thromboembolic Event; ESRD, End-Stage Renal Disease 
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At the time of VTE, most of patients had severe nephrotic syndrome. 

Patients had a mean serum albumin of 2.2 g/dl, a median protein 

excretion of 9.9 g/day, and mean eGFR of 70.5 ml/min/1.73m2 (Table 

A2-3).  Thromboembolic events included 26 cases of RVT, 21 DVTs, 

27 PEs and 7 venous thromboses at other sites.  Ten patients had 

simultaneous VTEs in more than one anatomic site.  Pulmonary 

emboli were diagnosed in association with RVT in 6 cases and DVT in 

2 cases.  In 16 cases, the VTE occurred prior to the kidney biopsy.  Of 

these, 11 patients had documented nephrotic syndrome but had not 

yet undergone kidney biopsy, while proteinuria was first discovered at 

the time of VTE in 4 patients. Seventy-four percent of VTEs occurred 

within the first 2 years after onset of disease and 86% within 3 years.  

None of the VTE was fatal. 

 

Table A2-3.  Patient characteristics at the time of first VTE 

Characteristic    Mean ± SD Median (min, max) 

Albumin (g/dl) 2.2±0.6 2.1(0.6, 3.7) 

eGFR (ml/min/1.73m2) 70.5±27.8 70.8(12.7, 132.4) 

Proteinuria (g/day) 10.3±6.8 9.9(1.1, 40.0) 

Time to VTE (months)  24.2±59.8 3.8(0.0, 338.7) 

Age at event (years) 49.2±15.5 51.0(20.0, 84.0) 

Abbreviations: VTE, Venous Thromboembolic Event; SD, Standard Deviation; eGFR, estimated 

Glomerular Filtration Rate 
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Risk Factors of VTE 

The severity of hypoalbuminemia was revealed as a significant risk 

factor of VTE in multivariable analysis.  In Cox proportional analysis, 

as serum albumin level decrease by 0.2 g/dl from over the reference 

value of 3 g/dl, the hazard of VTE increases with 2.16-fold.  The 

relationship of hypoalbuminemia to VTE was independent from the 

other relevant confounders such as proteinuria, immunosuppression, 

and demographics. This finding was reaffirmed in a competing risk 

regression model that takes into account of competing risk of ESRD 

and mortality unrelated to VTE.  
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Table A2-4.   Risk factors of VTE in multivariable analysis  

Cox Proportional Hazard analysis    

Variables HR 
95% CI 

of HR 
P-value 

Age, decade increase from 30 1.00 0.83-1.21 0.966 

Male sex (vs. female) 1.22 0.62-2.41 0.564 

Immunosuppression, any (vs. none) 1.03 0.55-1.96 0.919 

Site of registry at GDCN (vs TGNR) 2.16 0.87-5.35 0.097 

Salb (per 0.2g/dl decrease from >3 g/dl) 1.23 1.06-1.44 0.008 

Proteinuria (per 1g increase) 1.01 0.95-1.06 0.832 

CRR analysis    

Variables SHR 
95% CI 

of SHR 
P-value 

Age, decade increase from 30 1.00 0.85-1.17 0.995 

Male sex (vs. female) 1.22 0.63-2.36 0.562 

Immunosuppression, any (vs. none) 2.20 0.91-5.34 0.081 

Site of registry at GDCN (vs TGNR) 1.08 0.58-2.01 0.802 

Salb (per 0.2g/dl decrease from >3 g/dl) 1.22 1.04-1.44 0.017 

Proteinuria (per 1g increase) 1.00 0.95-1.06 0.885 

Abbreviations: VTE, Venous Thromboembolic Event; HR, Hazard Ratio; CI, Confidence Interval; 

GDCN, Glomerular Disease Collaborative Network; TGNR, Toronto GlomeruloNephritis 

Registry; Salb, Serum albumin; CRR, Competing Risk Regression; SHR, Subdistribution Hazard 

Ratio 
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Results of Aim3 study: A decision analysis for prophylactic use of 

anticoagulation  

Model construction 

For the study on Aim3, we constructed a hybrid Markov-decision tree 

model to predict the benefit-to-risk ratio associated with prophylactic 

anticoagulation (VTE prevented : major bleed).  The decision model, 

including major decision and endpoint nodes, is illustrated in Figure 

A3-1.   

 

Figure A3-1.  Hybrid Markov-decision tree model  

 

The square indicates a decision node in which the clinician may choose from either of two 

alternatives—prophylactic AC or observation and treatment of clinically apparent VTE.  

The circles represent chance nodes in which events occur at random (i.e., outside the 

clinician’s control). The letter M in a circle represents a Markov node and the triangles 

represent terminal nodes or clinical end outcomes.   

Abbreviations: AC, anticoagulation; obs, observation; VTEobs, VTE occurring in the observation 

strategy; VTEon AC , VTE occurring while on prophylactic anticoagulation; VTEoff AC, VTE 

occurring subsequent to a major bleeding event 
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To construct this model, we used actual observed VTE event rates 

derived from a large patient cohort.  No patient received prophylactic 

anticoagulation.  Table A3-5 summarizes the characteristics of the 

cohort from which risk estimates of clinically apparent VTE were 

derived.  In each threshold of serum albumin, the incidence of VTE 

was calculated by the number of events occurred during the total 

period at risk.  The period at risk was defined as the time spent at or 

below the corresponding level of serum albumin.  
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Table A3-5. Characteristics of the inception cohort of patients with 

membranous nephropathy  

Characteristic 
Mean ± SD, median 

(IQR), or n (%) 

Total n 539 

Baseline:  At diagnosis  

Age, years 49.2 ± 16 

Sex, Male/Female n (%) 340/199 (63/37) 

Race, White/Black/Others, n (%) 360/66/113 (67/12/21) 

Serum albumin, g/dL 2.4 ± 0.6 

eGFR, ml/min per 1.73m2 73.5 ± 31.6 

Proteinuria, g/24hr 8.5 ± 5.7 

Treatment regimen  

     No immunosuppression 170 (31.5) 

     Corticosteroid alone 199 (36.9) 

     Cyclophosphamide/CNI 170 (31.5) 

Follow up   

Incidence of VTE, n (%) 24 (100) 

     DVT of lower extremities 6 (25) 

     RVT 5 (21) 

PE (including combined with DVT or RVT) 11 (46) 

    Others (subclavian vein and IVC) 2 (8) 

Incidence of VTE, n of events/PY at riska  

Serum albumin <3.0 g/dl (n=539) 24/656.66 

Serum albumin <2.8 g/dl (n=483) 23/539.47 

Serum albumin <2.5 g/dl (n=381) 21/325.24 

Serum albumin <2.3 g/dl (n=221) 15/176.29 

Serum albumin <2.0 g/dl (n=169) 11/96.29 

Abbreviations: IQR, Interquartile range; VTE, Venous thromboembolism; DVT, Deep vein 

thrombosis; RVT, Renal vein thrombosis; PE, Pulmonary thromboembolism; IVC, Inferior vena 

cava; CNI, Calcineurin inhibitor 

a Person-year at risk represents the cumulative duration below the specified threshold of 

hypoalbuminemia    
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Table A3-6 provides the decision input data for the two clinical 

approaches - prophylactic anticoagulation vs. observation - including 

the incidence rates and corresponding probabilities for pertinent 

clinical outcomes, major bleeds based on risk score categories, and 

VTEs during periods of hypoalbuminemia below each specified 

threshold.  These thresholds were previously correlated with 

incremental increases in the risk of VTE52.  Major bleeds were 

defined as involving vital organs or requiring transfusion of ≥ 2 units 

of packed red blood cells34.  For our model, we adopted the low (≤ 3 

points), intermediate (4 points) and high (5-10 points) bleeding risk 

categories described in the ATRIA study34. 

We also calculated the incidence of major bleed in a cohort of 98 

warfarin-treated patients with glomerulonephritis, a median serum 

albumin 2.1 g/dL (IQR 1.7-2.6) and a total warfarin exposure of 207.4 

years (Table A3-7).  Sixty five percent had a low, 10% intermediate, 

and 25% high bleeding score.  The annual incidence of bleed was 

0.4 events per 100 patient-year of anticoagulation (95% CI 0.01-

2.69); which is in the range reported in the ATRIA study for patients 

in the low to intermediate bleeding risk categories (Table A3-6). 
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Table A3-6. Decision model input data for the different clinical 

approaches: prophylactic anticoagulation vs. observation 

Parameters Annual incidence  

Events/100 PY (95% 

CI) 

Monthly probability 

(Ranges) 

Distribution 

Death from other causes in NS 1.38 (0.63-2.62) 0.00115 Dirichlet* 

Progression to ESRD 0.31 (0.04-1.11) 0.00025  

Recovery from NS 60.16 (52.41-67.92) 0.0489  

Active persistent NS 20.67 (16.12-25.21) 0.94969  

Prophylactic anticoagulation    

Major bleedinga10 Low risk (score 0-3) 0.76 (0.66-0.87) 0.00063  

(0.00055-0.00073) 

Normal 

Intermed risk (score 4) 2.62 (2.28-3.01) 0.00218  

(0.00167-0.00279) 

 

High risk (score 5-10) 5.76 (5.01-6.61) 0.00479  

(0.00415-0.00552) 

 

Death from major bleeding49  0.113 Beta 

Hazard ratio of VTE on anticoagulation  0.05 (0.01-0.37) Beta PERT 

VTEon AC
b  Calculated Normal 

Death from VTEon AC
49  0.137 Beta 

VTEoff AC  same as VTEobs Normal 

Death from VTEoff AC
49  0.137 Beta 

Observation    

VTEobs serum albumin <3.0 g/dL 3.67 (2.35-5.46) 0.00306  

(0.00196-0.00454) 

Normal 

VTEobs serum albumin <2.8 g/dL 4.26 (2.70-6.40) 0.00355  

(0.00225-0.00532) 

 

VTEobs serum albumin <2.5 g/dL 6.46 (4.00-9.87) 0.00537  

(0.00333-0.00819) 

 

VTEobs serum albumin <2.3 g/dL 8.51 (4.96-13.62) 0.00707  

(0.00412-0.01129) 

 

VTEobs serum albumin <2.0 g/dL 11.42 (5.70-20.44) 0.00948  

(0.00474-0.01689) 

 

Death from VTEobs
49  0.137 Beta 
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Abbreviations: PY = Person-year; CI = Confidence interval; NS = Nephrotic syndrome; ESRD = 

End stage renal disease; VTE = Venous thromboembolic event; AC = anticoagulation; obs = 

observation; VTEobs = VTE occurring in the observation strategy; VTEon AC = VTE occurring 

while on prophylactic AC; VTEoff AC = VTE occurring subsequent to a major bleeding   

*Events were modeled using gamma distribution with common beta parameter at 1, then 

calculated as rates using 7838.64 person-months of observation of NS. In case of recovery 

from NS, since the number of events was >300, normal distribution was applied with variance 

of 20.88 for the modeled event.  

a Bleeding risk categories as described in the Anticoagulation and Risk Factors in Atrial 

Fibrillation (ATRIA) study. The ATRIA risk score is calculated as followings: anemia (3 points), 

severe renal disease (eGFR< 30 ml/min/1.73 m2) (3 points); age ≥ 75 years (2 points); any 

prior hemorrhage (1 point); diagnosed hypertension (1 point)   

bIncidence rate of VTEon AC = incidence rate of VTEobs x Hazard ratio of VTE on anticoagulation.   
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Table A3-7. Incidence of major bleeding in a cohort of 98 warfarin-

treated patients with glomerulonephritis 

Characteristics  

Total n 98 

Underlying disease, n (%)  

     MN 71(72) 

     FSGS 3 (3) 

     IgA Nephropathy 25 (24) 

Serum albumin level, median [IQR], g/dL 2.1 [1.7-2.6] 

Concomitant drugs, n (%)  

     ASA 23 (23) 

     Steroids 85 (87) 

ATRIA score, 0-10 2.5 [0-4] 

ATRIA risk criteria, n (% of total exposure time)  

     Low (0-3) 64 (70) 

     Intermediate (4) 10 (9) 

     High (5-10) 24(21) 

Total exposure time on Warfarin, years 207.42 

Median time of exposure [IQR], years 1.43 [0.75-2.7] 

Major bleeding event, n 1 

Incidence, event/100 person-year (95% CI) 0.48 (0.01-2.69) 

Abbreviations: MN, Membranous Nephropathy; FSGS, Focal segmental glomerulosclerosis; 

IQR, Interquartile range; ASA, Aminosalicylic acid; ATRIA, Anticoagulation and Risk Factors in 

Atrial Fibrillation; CI, Confidence interval   

 

Predicted benefit-to-risk ratios  

The results of the base-case analysis of benefit-to-risk ratio (ratio of 

the number of VTEs prevented divided by major bleeds incurred) for 

each category of serum albumin and bleeding risk are provided in 

Table A3-8.  For patients at low risk of major bleed (ATRIA score ≤ 3 

points) and serum albumin <3.0g/dl, the base-case model predicts 
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that 4.5 VTEs will be prevented at the cost of 1 major bleed during 24 

months of prophylactic anticoagulation (benefit-to-risk ratio = 4.5:1).  

The benefit-to-risk ratio increases incrementally with worsening 

hypoalbuminemia to 5.2:1 for serum albumin <2.8 g/dl, and to 13.1:1 

for serum albumin <2.0 g/dl.  For each level of hypoalbuminemia, the 

benefit-to-risk ratio is lower for patients with intermediate bleeding 

risk (ATRIA score 4) compared to patients at low risk of bleeding, 

and increases incrementally from 1.3:1 (for serum albumin < 3.0 g/dl) 

to 3.9:1 (for serum albumin < 2.0 g/dl).  For patients in the high 

bleeding risk category (ATRIA score 5-10), the benefit-to-risk ratio 

remains below 2:1 even for the most profound hypoalbuminemia 

level. 

 

Table A3-8. Base-case analysis: The ratio of benefit-to-risk according 

to risk categories for VTE and major bleeding   

 Bleeding risk categories 

 Low  Intermediate High  

Level of serum 

albumin, g/dl 
BRR* BRR BRR 

<3.0 4.5 (378/84) 1.3 (378/286) 0.6 (377/614) 

<2.8 5.2 (437/84) 1.5 (436/286) 0.7 (436/614) 

<2.5 7.7 (650/84) 2.3 (649/286) 1.1 (648/614) 

<2.3 10.0 (842/84) 2.9 (841/286) 1.4 (840/614) 

<2.0 13.1 (1,103/84) 3.9 (1,103/286) 1.8 (1,102/614) 

*BRR, Benefit-Risk Ratio: Numbers in parenthesis are numbers of VTE prevented/major bleeds 

occurred derived.  Base-case analysis was conducted by applying point-estimates of 

parameters.  
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Consideration of uncertainty:  Probabilistic sensitivity analysis 

Probabilistic sensitivity analysis was conducted to evaluate the 

impact of uncertainty surrounding the risk and event estimates used 

in the Markov model.  The Monte Carlo simulation presents various 

possible scenarios considering plausible ranges of model inputs.  

Figure A3-6 is a graphic representation of the range in benefit-to-risk 

derived from the Markov model while randomly varying the input 

estimates.  Each simulated plot represents a range of the number of 

VTE prevented (horizontal axis) and major bleeding events incurred 

(vertical axis) according to bleeding risk and the degree of 

hypoalbuminemia.  Reference benefit-to-risk ratios that clinicians and 

patients may consider as thresholds for decision-making (from upper 

to lower, 2:1, 5:1, and 10:1, respectively) are provided.   

For patients in the high bleed-risk category (open circles) the density 

plots aggregate entirely above the 2:1 benefit-to-risk line when the 

albumin is <3.0g/dl (Figure A3-6a), indicating that fewer than 2 VTEs 

would be prevented with prophylactic anticoagulation for each major 

bleed incurred.  Indeed in the high-risk bleeding category, the results 

fall above the 2:1 acceptability threshold line regardless of whether 

the albumin is < 3.0 mg/dl (Figure A3-6a), < 2.5 mg/dl (Figure A3-6b), 

or  < 2.0 mg/dl (Figure A3-6c) suggesting a uniformly unacceptable 

benefit-to-risk ratio.     

 In contrast, for patients in the low bleeding-risk category, (open 

triangles) the vast majority of simulated results aggregate below and 

to the right of the 5:1 acceptability threshold when the serum albumin 
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is < 2.5 mg/dl or < 2.0 mg/dl (Figures A3-6b and A3-6c).  In this 

setting, 5 or more VTEs would be prevented for one bleed incurred.  

Furthermore, for serum albumin level < 2.0 g/dl, most of the density 

plot for the low bleeding risk category falls to the right and below the 

10:1 acceptability threshold (Figure A3-6c), indicating an even higher 

benefit-to-risk ratio. 
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Figure A3-6.  Consideration of uncertainty:  Probabilistic sensitivity 

analysis.   

a.  Serum albumin <3.0 g/dL 

 

b.  Serum albumin  <2.5 g/dL 

  

c.  Serum albumin <2.0 g/dL 
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Monte Carlo simulation plots of benefit and risk at various levels of hypoalbuminemia; plots 

show the simulation results according to combinations of risk categories of major bleeding in 

the ATRIA study10 and different serum albumin levels: A <3.0 g/dL, B <2.5 g/dL, and C <2.0 

g/dL, respectively.   Each graph includes three density plots representing high risk bleeding risk 

(upper, open circles), intermediate bleeding risk (middle, open diamonds), and low bleeding 

risk (lower, open triangles), respectively.  Three benefit-to-risk threshold lines are shown for 

reference (2:1, 5:1 and 10:1).  Simulation points lying to the right and below the threshold lines 

indicate that the benefit-to-risk ratio is larger than the threshold.  For example, points lying 

below and to the right of the “10: 1 Ratio” line have benefit-to-risk ratios greater than 10 to 1.  

 

Adaptation for a clinical decision tool 

The data from the probabilistic sensitivity analysis were adapted to 

provide the likelihood of benefit from prophylactic anticoagulation 

based on each individual’s bleeding-risk category, serum albumin, 

and risk tolerance.  For each bleeding-risk category (Figures A3-

7a,b,c), the benefit-to-risk acceptability curves summarize graphically 

the probability of clinical benefit from prophylactic anticoagulation 

compared to observation (y-axis) given a physician and patient’s 

willingness to accept the trade-off for the risk of major bleeding to 

prevent VTE (x-axis).  The probability of net benefit varies according 

to the level of serum albumin (curves), and can therefore be 

reevaluated during the evolving course of a patient’s disease.  Figure 

A3-7a is applicable to patients at low bleeding risk.  Accepting a 5:1 

benefit-to-risk ratio (5 VTE-prevented for 1 bleed incurred) (x-axis), 

the likelihood of benefit from prophylactic anticoagulation would be 

>80% with serum albumin <2.5 g/dL(─○─) but <50% with serum 

albumin <2.8 g/dL (─ˣ─).  Applying the more stringent threshold of 

10:1, the likelihood of benefit for patients with serum albumin <2.0 

g/dL (─◊─) would be 72%.  Patients in the intermediate bleeding risk 
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category and a serum albumin <2.0 g/dL would have a likelihood of 

benefit from prophylactic anticoagulation <15% when accepting a 5:1 

benefit-to-risk ratio, but >67% for a 3:1 ratio (Figure A3-7b).  For 

patients in the high bleeding risk category, the benefit-to-risk ratio 

does not favor anticoagulation; with a likelihood of benefit <1% even 

with serum albumin <2.0 g/dL (Figure A3-7c).  
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Figure A3-7.   Benefit-risk acceptability curves  

a.  Low risk of major bleeding  

 

b.  Intermediate risk of major bleeding  

 

c.  High risk of major bleeding 

 

Benefit-risk acceptability curves represent the probability (vertical-axis) of prophylactic 

anticoagulation being beneficial at various levels of the benefit–to-risk ratio (horizontal-axis). 

Major bleeding risk categories (low and intermediate) were derived from the ATRIA study. 
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Discussion 1: the risk and risk factor of CVE in primary MN  

In the study for Aim1, new evidence is presented that primary MN is 

associated with increased risk of arterial thromboembolic events as 

measured by cardiovascular events.  Early in course of disease, the 

risk of CVE is highest and exceeds the risk of ESRD.   

Our finding that primary MN is a high-risk group of arterial thrombosis 

presenting with CVE was validated in other independent cohort 

analyses: An external validation study comparing TGNR cohort 

affirmed the commensurately high risk of CVE to ESRD and risk 

factor (nephrotic syndrome).  In addition, albeit indirect, the analysis 

comparing with FSGS showed about 2.3 fold increased-risk of CVE 

in primary MN.   

Previous reports on arterial thromboembolic events are relatively 

scarce and limited in scope20,21,53.  Prior retrospective cohort studies 

of patients with nephrotic syndrome of various causes reported an 

increased risk for coronary artery disease17 and an incidence rate of 

CVE similar to the one we observed in the GDCN cohort18.  Our 

study presents the clear evidence that the risk of CVE is clearly and 

specifically increased in primary MN and associated with the disease 

severity in a large inception cohort with primary MN.  

The risk of CVE in primary MN is significantly related to the severity 

of nephrotic syndrome as measured by nephrotic-ranged proteinuria 

and hypoalbuminemia, likewise in VTE cases.  Indeed the majority of 

CVEs occurred within the first 2 years after diagnosis of MN in the 

setting of severe nephrotic syndrome.  However, this study reveals 
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that some CVEs occur late in the course of disease, in the setting of 

subnephrotic or even complete remission of proteinuria as well.  

Interestingly, our data reveal two patterns of CVE: “early” events 

associated with severe proteinuria and/or hypoalbuminemia, and 

“late” events (beyond 2 years after diagnosis) not associated with 

nephrosis.  This dichotomous pattern suggests that the early and late 

events may result from different pathophysiologic mechanisms.  It is 

conceivable that the early events may be more directly related to the 

thrombophilic state associated with the nephrotic syndrome, whereas 

the late events may be primarily attributable to more “classic” 

pathogenic mechanisms of atherosclerosis (in addition to thrombus 

formation).  While it is plausible that the latter mechanism is 

accelerated by the profound hyperlipidemia of the nephrotic 

syndrome54, we cannot ascertain this possibility from our data.   

The strong association with severe proteinuria and hypoalbuminemia 

supports a predominantly “thrombotic” cause of CVE in the early 

phase of primary MN.  Indeed, the severity of nephrotic status 

remained an independent predictor of CVE, after adjusting for other 

risk factors.  The mechanism accounting for the increased risk of 

thrombosis in MN is currently unknown.  In support of the 

“atherosclerotic” mechanism of CVE is the occurrence of late events 

in the setting of mild or no proteinuria and near-normal serum 

albumin levels.  The fact that the “classic” risk factors for 

cardiovascular disease; age, diabetes and prior history of CVE; are 

retained as independent risk factors of CVE in the MN population 
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also brings support to the “atherosclerotic” pathway of CVE in this 

disease.  We did not identify hyperlipidemia as a risk factor of CVE in 

the GDCN cohort.  This result can be explained by the fact that 96% 

of patients with MN and full nephrotic syndrome also had severe 

hypercholesterolemia (>300 mg/dl) (compared to only 4% of patients 

with subnephrotic proteinuria) (see below, Table A1-8).   
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Table A1-8. Correlation between hypercholesterolemia and status of 

nephrotic syndrome at baseline in each study cohort  

GDCN cohort 

(N=261)     

Total cholesterol, 

mg/dl 

Subnephrotic 

status, N (%) 

Nephrotic 

syndrome, N (%) 

Peason's 

R 
P-value 

<200 8 (44) 10 (56) 

0.317 

  

<0.001 

 

200-300 11 (12) 70 (88) 

≥300 6 (4) 156 (96) 

     

TGNR cohort  (N=195)    

Total cholesterol, 

mg/dl 

Subnephrotic 

status, N (%) 

Nephrotic 

syndrome N (%) 

Peason's 

R 
P-value 

<200 8 (53) 7 (47) 

0.378 

  

<0.001 

  

200-300 25 (38) 40 (62) 

≥300 11 (10) 104 (90) 

 

This extremely high prevalence and the close correlation between 

these variables make it difficult to tease out an association between 

severe hypercholesterolemia and CVE independently from nephrotic 

syndrome.  The high incidence of CVE relative to that of ESRD early 

in the course of MN has significant implications for the treatment of 

patients and may prove important to the design of clinical trials.  Our 

findings suggest that particular attention to the prevention of CVE 

should be paid early in the course of MN, especially during periods of 

severe nephrosis.  In addition to treatment with lipid lowering 
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agents55-57, perhaps measures to reduce arterial thrombotic events 

(e.g. treatment with aspirin) should be considered.   

Strength of our study is the validation of results derived from the 

GDCN cohort with those of an independent large cohort of patients 

with primary MN from the TGNR.  Multivariable analysis of the risk 

factors from the TGNR cohort confirmed that severity of nephrotic 

status, older age, and history of previous CVE are independently 

associated with CVE, with similar hazard ratios as derived from the 

GDCN cohort.  In the time-to-event analysis, the early occurrence of 

CVE was not as pronounced in the TGNR cohort as was observed in 

the GDCN cohort.  This may be, in part, related to baseline 

differences between the two cohorts in race and the proportion of 

patients with severe nephrotic syndrome.  In addition, the median 

follow up was significantly longer in the TGNR than the GDCN cohort 

(52 months [IQR 21.3 to 96.2] vs 24.3 [IQR 9.9-52.7], P<0.001).  This 

longer follow-up favors the capture of late events, as well as events 

associated with relapses of MN.   Despite the difference in the timing 

of CVE, the strong association of early events with severe proteinuria 

and hypoalbuminemia compared to late events was almost identical 

in the TGNR and GDCN cohorts.  Additionally, these findings 

remained consistent in the combined cohort analysis.  Another 

strength of this study is showing the comparison to the risk in FSGS 

cohort.  This finding is similar to the approximately 2.5 fold increased 

risk of VTE associated with a diagnosis of MN compared to FSGS16.  
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The mechanism accounting for the increased risk of thrombosis in 

MN compared to FSGS is currently unknown.   

Our study builds upon and complements previous studies of CVE in 

nephrotic syndrome.  Our finding of a dichotomous “early-vs.-late” 

pattern of CVE may explain the inconsistent results reported by 

previous cohort studies on patients with nephrotic syndrome of 

various causes.  Mahmoodi et al. reported that arterial 

thromboembolic events occurred most frequently in the first 6 to 12 

months after diagnosis18, whereas the mean time to CVEs was 5.6 

years in the study by Ordonez et al17.  Likewise our finding of classic 

risk factors (age, diabetes and history of previous events) as 

independently associated with CVE is similar to the findings of 

Mahmoodi et al18. However, that study did not find an association 

between hypoalbuminemia or proteinuria and CVEs, which contrasts 

with our findings.  This difference may be attributable to the cohort 

size, and the heterogeneity of causes of nephrotic syndrome in their 

study.     

Our study has limitations stemming from its retrospective nature. 

Both the GDCN and TGNR registry were prospectively collected over 

more than 30 years during which the standard of care, and 

completeness of data collection have evolved.  This has resulted in 

relatively limited data on use of certain medications (e.g. aspirin, and 

lipid-lowering agents), which may affect the results of our analysis.  

We may not have been fully able to detect an effect of 

immunosuppressive, anti-thrombotic or lipid-lowering therapy on the 
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risk of CVE.  Similarly, we were not able to evaluate the effect of 

renin-angiotensin blockers on the risk of CVE.  Finally, our combined 

analyses of the two cohorts may have been influenced by 

unmeasured differences between the two populations. 

In addition to describing the incidence, timing and risk factors of 

CVEs in patients with MN, our findings have important implications 

for current practice and clinical trial design.  The primary concerns of 

practice and clinical trial in MN have largely focused on the reduction 

of proteinuria as a surrogate endpoint for ESRD58-61, while few 

studies were adequately powered and of long-enough duration to 

report directly on the impact of treatment on renal survival62-64.  Our 

study detected that the incidence of CVE is at least as high as that of 

ESRD in the first 2 years after diagnosis, and indeed exceeds that of 

ESRD among patients with preserved eGFR at baseline.  

Considering the risks, morbidity, long-term sequel and impact on 

quality of life of cardiac and cerebrovascular events, our findings 

suggest that the prevention of CVE should be considered an main 

early (< 2 years) therapeutic target of practice and an noticeable 

competing risk of ESRD or a part of composite “hard” outcome 

measure in the design of clinical trials in MN.    

 

Discussion 2: the risk and risk factor of VTE in primary MN  

The aim 2 of this dissertation was to study on the individualized risk of 

VTE in patients with primary MN.  For this, first, we described the 

pattern of occurrence of clinically evident VTE in a large inception 
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cohort with 958 patients with primary MN; second, determined 

independent clinical variables associated with increased risk of VTE; 

and finally presented differentiated risk measures based upon the 

clinical predictor of VTE (used in the study for Aim 3).    

We found that clinically apparent VTEs are affecting about 7% of 

patients with primary MN.  While similar to that reported in a smaller 

retrospective case series65 this frequency is substantially lower than 

previously reported in studies that employed systematic screening for 

VTEs (Table 1).  The clinical impact of undetected asymptomatic VTE 

is not known, and the frequency and location of VTEs are highly 

dependent upon the modality and intensity of clinical screening.   

Hypoalbuminemia was a dominant independent risk factor for VTE, 

whereas proteinuria was not independently predictive of VTEs in the 

multivariable analysis.  The relationship between hypoalbuminemia, 

the nephrotic syndrome, and thrombotic risk is poorly understood.  

Although hypoalbuminemia does generally correlate with severity of 

proteinuria, the latter is but one factor determining albumin levels.  

Recent data suggest that the degree of hypoalbuminemia in relation 

to proteinuria may be specific to the type of underlying glomerular 

disease66.  This may represent differences in one of the many 

determinants of serum albumin, including nutritional status, 

inflammation, or selectivity of protein permeability67, or other 

unmeasured factors that may predispose patients to thrombosis.  

Additional mechanisms include the hepatic overproduction of 

fibrinogen and factors V and VIII as a compensatory response to 
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hypoalbuminemia68, and a deficiency in plasma antithrombin III shown 

to correlate with serum albumin level69-75. Albumin is a cofactor for the 

binding of plasminogen to fibrin and their interaction with tissue 

plasminogen activator76.  Patients with MN have a 6-fold increase in 

plasminogen activator inhibitor but not plasminogen activator, 

suggesting suppressed fibrinolytic activity77. Hypoalbuminemia has 

also been associated with hyperaggregability of platelets78-82.  Through 

this study, we validated that patients with primary MN and nephrotic 

syndrome are at risk of VTEs.  Moreover, it was confirmed that the 

degree of the risk depends on the severity of hypoalbuminemia. 

Therefore, the decision making process for prophylactic 

anticoagulation to prevent VTE should begin with individualized risk 

evaluation by measuring serum albumin level.  

 

Discussion 3: a decision analysis for prophylactic use of 

anticoagulation  

The frequency of VTE in patients with nephrotic syndrome is higher 

than in the general population10, 83, and is higher in patients with 

membranous nephropathy compared to other proteinuric kidney 

diseases11,16,18.  Limited data exist to guide the decision on 

prophylactic anticoagulation at the individual patient level, balancing 

the potential benefits and risks, with consideration of evolving 

disease activity.  Several studies have firmly linked the risk of VTE 

with the severity of hypoalbuminemia22,52. Although no publications 

specifically address the complication rate of anticoagulation in 
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patients with nephrotic syndrome, several have identified risk factors 

for bleeding in the setting of prophylactic anticoagulation with 

warfarin for atrial fibrillation34,84,85, and can be reasonably applied to 

patients with membranous nephropathy.  In our study, we have 

incorporated these new data to weigh the relative benefits and risks 

of prophylactic warfarin anticoagulation based on individual patients’ 

clinical characteristics.  

The results of our decision analysis indicate that for patients at low 

bleeding risk (ATRIA risk score 0-3 out of 10), the benefit-to-risk ratio 

favors prophylactic anticoagulation at low serum albumin levels.  For 

patients at intermediate risk of bleeding (risk score of 4), prophylactic 

anticoagulation may be favorable with severe hypoalbuminemia (<2 

g/dl), while accepting lower benefit-to-risk ratio (<5:1).  Thus, for 

patients at low or intermediate bleeding risk, the threshold serum 

albumin level below which anticoagulation is favored depends on the 

patient’s and physician’s “trade-off” acceptability of bleeding risk.  In 

contrast, for patients at high risk of bleeding (risk scores 5-10), the 

benefit-to-risk ratio does not favor prophylactic anticoagulation even 

with severe hypoalbuminemia (<2.0 g/dl).  We therefore propose that 

the decision of prophylactic anticoagulation in patients with primary 

membranous nephropathy should start with an assessment of a 

patient’s bleeding risk (see below, Figure A3-8).  For patients 

determined to be at low or intermediate risk of bleeding, the next step 

is to “look” at the serum albumin concentration and “choose” the 
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preferred benefit-to risk ratio.  These parameters are then used to 

determine the probability of benefit of prophylactic anticoagulation. 

Our findings offer important advantages over the previous decision 

analysis29.  Our study uses the ratio of VTEs prevented to bleeds 

incurred as the main outcome of interest, thus offering flexibility in 

choosing the strategy based on an individualized acceptability of 

benefit-to-risk ratio.  Because we base risk assessment of VTE on 

serum albumin level, our approach allows for a dynamic reevaluation 

of benefit and risk as the patient’s albumin level changes with time or 

in response to treatment.  Likewise, assessment of bleeding risk is 

also dynamic based on changes in the patient’s risk factors (e.g. a 

decrease in renal function, or development of hypertension).  

Changes in risks of VTE and bleeding also can be used to 

discontinue anticoagulation once the risk of VTE decreases or that of 

bleeding increases.  The longitudinal data from our large inception 

cohort allowed us to measure the incidence of VTE based on the 

period at risk of each patient for the determined level of 

hypoalbuminemia, rather than the total time of follow-up.  This 

approach provides a more accurate estimate of VTE risk than data 

derived from small cohort studies which did not take into account this 

period at risk.  Likewise, our study uses a stratified risk of bleeding 

from anticoagulation as described in the ATRIA study.  The large 

size of the ATRIA study cohort provides an accurate estimate of 

bleeding risk and detailed incidence rates for the various risk 

categories.  This study also provided an easily applicable scoring 
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system for bleeding risk stratification.  Importantly, the confidence 

intervals of the bleeding risks reported in the ATRIA study 

encompass those reported in other studies of prophylactic 

anticoagulation for atrial fibrillation.  Therefore, using the sensitivity 

analysis, the benefit-to-risk ratios we report for each level of bleeding 

risk category also reflect those we would have obtained using other 

bleeding-score models.   

Despite differences in demographics and comorbidities between the 

ATRIA study cohort and ours, the risk factors for major bleeding of 

warfarin identified by the ATRIA study should also apply to patients 

with primary membranous nephropathy, as the very large ATRIA 

cohort (13,559 patients) encompasses the range of age and GFR of 

our MN cohort.  Further, the bleeding risk in our model is estimated 

for each patient individually, and is therefore not affected by overall 

demographic differences between the ATRIA and MN cohort.   

As to the important question of whether patients with 

hypoalbuminemia have a greater risk of bleeding than reported in the 

ATRIA study, there are little data published regarding the relationship 

between serum albumin and risk of anticoagulation with Coumadin.   

Hypoalbuminemia may affect the pharmacokinetics of Coumadin86,87 

and increase the risk of over-anticoagulation88,89, and 

hypoalbuminemia has been associated with a higher risk of minor but 

not major hemorrhages in one study90.  We analyzed data from our 

own registries regarding 98 warfarin-treated patients with primary 

glomerulonephritis and co-existent hypoalbuminemia.  We found an 
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incidence rate of major bleeding well within the range predicted by 

ATRIA for patients at low risk of bleeding.  Nevertheless, we 

recognize that the bleeding rates from the ATRIA study should be 

used cautiously when extrapolating to different populations. 

There are limitations to our analysis.  Because our VTE incidence is 

derived retrospectively from clinically apparent events in our cohort, 

our incidence data may be an underestimation of the true VTE risk. 

However, a recent large prospective randomized controlled trial in 

patients with membranous nephropathy reported a frequency of 

clinically apparent VTE of 7.5%91 similar to that observed in our own 

cohort, thus providing reassurance that we did not underestimate the 

risk of VTE.  The case fatality rates were drawn from population data, 

and extrapolation to patients with IMN should also be done with 

caution.  There are other known risk factors for VTE, which were not 

incorporated in our original analysis of VTE for lack of sufficient data 

(e.g. immobilization, smoking, morbid obesity, heart failure, and 

genetic propensity).  The treating physician, who is assessing the 

benefit-to-risk of prophylactic anticoagulation for an individual patient 

should take such additional factors into account.  Our results have 

not been prospectively tested, and therefore are not directly clinically 

validated.  Finally, the results of our model are specific to primary 

membranous nephropathy and the benefit-to-risk ratios for each level 

of hypoalbuminemia cannot be directly applied to other forms of 

nephrotic syndrome associated with lower rates of VTE16,18.  

Adapting our model to other forms of nephrotic syndrome (e.g., focal 
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segmental glomerulosclerosis) will require separate in-depth analysis 

of VTE incidence by level of hypoalbuminemia in patients with these 

diseases.  Further study is also required to assess the risk of 

bleeding in hypoalbuminemic patients using warfarin or newer 

anticoagulation agents.  Finally, future research is needed to 

prospectively validate our proposed model for prophylactic 

anticoagulation, ideally through a randomized controlled trial, but 

more realistically through prospective follow-up of a multicenter 

registry of patients.  

In summary, we propose a practical approach to the decision of 

prophylactic anticoagulation in patients with primary membranous 

nephropathy based on an individual patient’s bleeding risk, serum 

albumin concentration and risk tolerance as reflected by the selected 

benefit-to risk ratio (see below, Figure 3A-8).  This model was 

adapted to a user-friendly online computerized program 

(http://www.gntools.com).  Our approach allows for a dynamic 

reevaluation of the net-benefit of anticoagulation with changes in the 

clinical status of each patient and the risk tolerance of the clinician 

and patient.  

  



 100 

Figure A3-8. Decision approach for prophylactic anticoagulation  
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This dissertation project sought to estimate the risk and evaluate risk 

factors of venous and arterial thromboembolic events, and the 

clinical value of the decision to use prophylactic anticoagulation with 

warfarin in subjects with nephrotic syndrome induced by primary 

membranous nephropathy (MN).  The goal of this research was to 

provide robust clinical evidence for the use of anticoagulation to each 

patient as an individualized medicine.  The central hypothesis was 

that patients with primary MN has increased risk of venous and 

arterial thromboembolism according to the severity of nephrotic 

syndrome, and this characteristic influences the clinical decision to 

use an anticoagulant and subsequently affects the net-benefit of the 

therapy to the patients.  Three specific objectives were developed to 

investigate the hypothesis.   

Objective 1.  Estimate the incidence of cardiovascular events  (CVE) 

resulting from presumptive arterial thrombosis in patients with 

primary MN, and evaluate the clinical characteristics reported by the 

severity of nephrotic syndrome, renal function, and traditional 

cardiovascular risk factors, as risk factors for CVE in the primary MN 

cohort.  

Objective 2.  Estimate the incidence of venous thromboembolism 

(VTE) and evaluate the influence of hypoalbuminemia to the risk of 

VTE, adjusting for proteinuria, renal function, and other demographic 

factors.  

Objective 3.  Given specific input of parameters on the risk and 

benefit of anticoagulation therapy, evaluate the benefit, risk, and its 
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ratio in the individualized risk categories, and subsequently provide 

the individualized likelihood of the net-benefit on the use of 

prophylactic anticoagulation with warfarin.     

The underlying rationale for this dissertation project was due to 

undetermined evidence of the use of prophylactic anticoagulation 

mostly resulting from inaccurate input probabilities on the individual 

risk of VTE and adverse events caused by warfarin therapy.  

Moreover, the critical appraisal for the clinical decision of the use of 

prophylactic anticoagulation was supposed to be based upon 

clinician and patients’ perspectives with regard to the benefit and risk 

ratio of the decision.  

In the first study of this project, we present new evidence that primary 

MN is also associated with increased risk of arterial thromboembolic 

events as measured by cardiovascular events.  Early in the course of 

the disease, the risk of CVE is highest and exceeds the risk of 

ESRD. This finding was validated in another independent cohort. 

Moreover, albeit indirect, the analysis comparing with patients with 

FSGS, the other cause of nephrotic syndrome, showed disease-

specific high risk for CVE in patients with primary MN (about 2.3 fold 

increase of the risk of CVE).  This increased risk of CVE was clearly 

associated with the disease severity, which is presenting with severe 

nephrotic syndrome.  The high incidence of CVE relative to that of 

ESRD early in the course of MN has significant implications for the 

treatment of patients suggesting that particular attention to the 
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prevention of CVE should be paid early in the course of MN, rather 

than only focusing on the preventive measure for ESRD.    

In the second study of this dissertation project, the risk of VTE was 

the highest in the early period of follow-up within 2 years after 

diagnosis, and significantly associated with the severity of 

hypoalbuminemia adjusted for other confounding factors including 

proteinuria, renal function, and demographic factors.  We found that 

clinically apparent VTEs are affecting about 5-6% in the first 2 years.  

The overall incidence of VTE in nephrotic conditions was about 1.6 

events per 100 persons-year (PY).  The risk of VTE showed an 

increasing trend according to the level of hypoalbuminemia, from 3.6 

events per 100 PY in patients with serum albumin <3.0 mg/dl to 11.4 

events per 100 PY in patients with serum albumin <2.0 mg/dl.  The 

multivariable analysis model showed that each 1.0 g/dl decrease in 

albumin level was associated with a 2.3 fold increased risk of VTE. It 

was adjusted for age, gender, smoking status, and proteinuria. In this 

study, we reaffirmed the association of hypoalbuminemia and VTE, 

and present the most explicit estimation data on the risk of VTE 

through the largest-size inception cohort analysis.  

In our final study, our decision analysis gives several attributes and 

solutions by evolved methodology on the clinical conundrum of the 

use of prophylactic anticoagulation in patients with MN.  Our study 

has several strengths compared to the prior study. First, it uses data 

of categorized individual risk of VTE from our large inception cohort 

of well-characterized patients with primary MN,
 
in which time-related 
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exposure to varying degrees of hypoalbuminemia could be 

determined.  Second, regarding the risk of bleeding events, it uses 

data on estimates from literature data of patients with atrial fibrillation 

using warfarin with the same dosage.
 
 These estimates were 

validated as approximates in a cohort of subjects with glomerular 

disease and hypoalbuminemia.  Third, the analysis gives the 

practical likelihood of the net-benefits of anticoagulation in terms of 

averting VTE depending on the severity of hypoalbuminemia at the 

cost of serious bleeding.  This model is a simple, practical, dynamic, 

flexible decision-supporting tool on the prophylactic anticoagulation 

treatment.  It is now available on the website (www.gntools.com) for 

use in hand.   We hope that this work will help physicians and 

patients make more prudent clinical decisions and reduce their fear 

of unfavorable outcomes in primary MN with nephrotic syndrome.  

Further work is warranted in validating the finding from this decision 

model on the prophylactic anticoagulation, by conducting a 

prospective implement research.  In addition, numerous opportunities 

exist to apply this particular approach of conducting studies like this 

dissertation project on other glomerular diseases causing nephrotic 

syndrome. This dissertation study offers a new approach of 

conducting a comparative effectiveness research, in which a certain 

medical care or intervention can be evaluated by determining the 

balanced benefit over the harm to patients.  However, the approach 

of this dissertation study is not for the social or regulatory 

perspectives, rather for the pragmatic individualized application of 
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the medical evidence. This dissertation is a paragon of pursuing 

personalized medicine.  
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국문 초록 

 

막성신증으로 인한 신증후군 환자에서 

발생하는 혈전색전증의 위험성 평가와 

와파린 선제 항응고 치료법에 대한 

개인 맞춤형 의사 결정 분석 

이 태 우 

의과학 전공 

서울대학교 대학원 의과학과 

 

혈전색전증은 신증후군의 가장 흔하며, 심각한 합병증으로 오랫동안 

인식되어 왔다.  신증후군의 원인 기저 질환 중, 막성신증은 

혈전색전증의 발생 위험이 가장 높은 질환이다.  현재까지 선제 

항응고 치료법의 이득과 손실에 대한 의학적 근거가 충분하지 않은 

상황에서, 선제적 항응고 치료의 시행 여부에 대한 의학적 판단은 

도전을 요하는 난제이다. 이 논문의 목적은 첫째, 막성신증으로 인한 

신증후군 환자에서 정맥 및 동맥 혈관의 혈전색전증 위험성을 정확히 

평가하는 것이며, 둘째, 혈전색혈전증의 위험 인자로써, 환자들의 

인구학적 특성, 신질환 발현 정도의 심각성, 그 치료방법 등을 

평가하여  유의한 위험 인자에 따른 환자 위험도를 분류하여,  

최종적으로, 개인 맟춤형 혈전색전증 예방을 위한 와파린 항응고 
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치료법의 선제적 적용에 대한 임상적 의사 결정의 가치를 평가하는 

것이다. 본 연구자들은 일차성 막성신증 환자로 구성된 대규모 개시 

코호트에서 정맥혈전 색전증 (심부정맥혈전증, 신정맥혈전증, 

폐색전증)과 동맥 혈전증 (심혈관질환)의 발생율을 측정하여 위험도를 

예측하였다.  또한 질환의 선행 위험 인자들은 다변량 회귀 기술을 

이용한 생존 분석을 통하여 평가되었다. 체계적 문헌 고찰 및 코호트 

이벤트 분석을 통하여 예측된 선제 항응고 치료법의 이득과 손실에 

대한 정보를 마코브 하이브리드 의사결정나무분석 모형에 적용한 후, 

정맥 혈전색전증 방지(이득)와 와파린 치료로 인한 주요 출혈의 발생 

(손실)정도를 도출하였다.  개별화된 의사결정은 순편익틀 (net-benefit 

framework) 방법을 사용하여 이득-손실 비를 통하여 가치 평가되었다.  

일차성 막성신증 환자 코호트의 약 7%에서 임상적으로 명확히 

구별되는 정맥혈색전증이 발견되었다. 그 위험 인자로써 

저알부민혈증의 정도가 의미있는 연관되어 있었다. 심혈관질환은 

일차성 막성신증의 진단 후 초기 2년 내에 가장 빈번하게 

발견되었으며 신증후군의 심각도와 의미있는 연관성이 있었다.  

2년간의 누적 발생율은 약 5%로 이는 말기신부전증으로 진행되는 

확률과 상응하는 수치였다. 의사결정분석은 주요 출혈에 대한 

저위험군에서 와파린 선제 항응고 치료법의 사용을 지지하는 결과를 

보여주었다. 환자가 주요 출혈 저위험군이라면, 이득-손실 비는 4.5:1 

로, 이는 혈청 알부민 수치<3.0 g/dL 인 환자에서 선제 항응고 

치료법에 의해 주요 출혈 1이 발생하는 동안 4.5 의 주요 정맥 

색혈전증이 방지될 수 있음을 의미하였다. 이득-손실 비는 환자의 

알부민 수치가<2.0 g/dL인 경우에는 그 비는 13:1 로 증가하였다. 

환자가 중간정도의 출혈위험을 가진 경우는 알부민 수치가 2.0 g/dL 
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미만에서만 적정한 수준으로 좋은 이득-손실 비(5:1)를 보였다. 환자가 

주요 출혈의 고위험군이라면, 선제 항응고 치료법은 알부민 수치와 

상관없이 사용 후 이득이 없는 것으로 보인다.  본 논문을 위해 진행된 

연구들은 개별화된 환자 데이터를 사용하여 혈전색전증의 위험도를 

평가하여 막성신증 환자에서 선제적 항응고 치료법의 사용에 대한 

의학적 의사결정의 증거를 제시하는 방법을 보여주었다. 본 

연구는궁극적으로 개인 맞춤형 의료를 지향하는 실용적 임상 

약리학의 한 대안을 보여준다.   

주요어: 막성신증, 신증후군, 색전혈전증, 정맥색전혈전증, 

심혈관질환, 의사결정분석, 와파린 

학번: 2008-31031 
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