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Objective The aims of this study were to assess incidences and characteristics of arterial thromboembolic events
(ATEs) and venous thromboembolic events (VTEs) in Chinese patients with idiopathic membranous nephropathy
(IMN), and to identify the predisposing risk factors of them.

Methods A total of 766 consecutive Chinese patients with IMN were enrolled in this retrospective cohort study.
The cumulative incidences of newly diagnosed ATEs and VTEs were calculated using Kaplan-Meier methods.
Univariable risk prediction model analysis followed by multivariable survival analysis was used to evaluate the
potential risk factors of ATE and VTE.

Results At 0.5, 1,2, 3, and 5 years after biopsy diagnosis of IMN, the cumulative incidence of newly diagnosed
ATEs were 4.3%, 5.7%, 6.3%, 7.1%, and 8.0%, and of newly diagnosed VTEs were 5.9%, 6.8%, 6.9%, 7.0%,
and 7.2%, respectively. In 78 ATEs events (71 patients), cardiovascular discases, thrombotic ischemic stroke (IS)
and peripheral artery disease accounted for 50%, 45% and 5% respectively; in 60 VTEs events(53 patients),
the deep vein thrombosis, renal vein thrombosis and pulmonary embolism accounted for 60%, 13% and 27%
respectively. At the time of event, 42.1% patients with ATEs and 81.5% patients with VTEs were at nephrotic
syndrome(NS) status (){2:18.1, P<0.001). Severe proteinuria, aging, smoking, hypertension and prior ATE

Revieved: Oct. 20, 2017; published online: May 11, 2018.

*Corresponding author Tel: 86-10-69155058; E-mail:xuewanglee@126.com

Fund supported by the Key Projects of the National Science and Technology Pillar Program during the Twelfth Five-year Plan Period (No.
2011BAI10B03).

Cite this article as: Zou P, Li H, Cai J, et al. A Cohort study of incidences and risk factors for thromboembolic events in patients with
idiopathic membranous nephropathy. Chin Med Sci J 2018; 33(2): 91-99.



92 CHINESE MEDICAL SCIENCES JOURNAL June 2018

history were associated with ATEs. Aging was demonstrated as the independent risk factor for ATEs (P=0.001),

and hypoalbuminemia was the dominant independent risk factor for VTEs (P=0.03).

Conclusions Patients with IMN have increased incidences of ATEs and VTEs, and most of events occurred within

the first 6 months of the discase. IS was very common in ATEs in our cohort. Severe proteinuria and classic risk

factors for atherosclerosis were associated with onset of ATEs. Hypoalbuminemia independently predicted VTEs.

Risks of both ATEs and VTEs were particularly high in the status of NS, particularly VTEs.

DIOPATHIC membranous nephropathy (IMN) is

the most common cause of nephrotic syndrome

in adult, and its incidence shows a rising trend

in recent years.” Thromboembolic event, a
well-recognized complication of nephrotic syndrome,
occurs much more frequently in IMN than in other kid-
ney diseases.’ Frequency of venous thromboembolic
events (VTEs), including deep vein thrombosis (DVT),
renal vein thrombosis (RVT), and pulmonary embolism
(PE) ranged from 3% to 48% in patients with nephrot-
ic syndrome.** Patients with nephrotic syndrome are
also believed to have increased risk of atherosclerosis
and coronary heart disease (CHD). Most studies about
the association between CHD and nephrotic syndrome
were case reports or case series studies.®® Risk of ar-
terial thromboembolic events (ATEs), mainly consisting
of acute myocardial ischemic events and infarction,
thrombotic ischemic stroke(IS), and peripheral artery
disease(PAD), had been firstly described in a retro-
spective cohort study in European patients with ne-
phrotic syndrome,® but there was in lack of discussion
about the risk factors of ATE. Recently, Lee et al re-
ported that patients with IMN were at high risk of car-
diovascular events.” These findings raised our atten-
tion on thromboembolic events in Asian patients with
IMN. We conducted this research aiming to explore the
incidence and the characteristics of ATEs and VTEs in
patients with IMN in Chinese population, and to identi-
fy the predisposing risk factors of the thromboembolic
events at this situation.

MATERIALS AND METHODS

Study cohort

This study was approved by the ethics committee of
the Peking Union Medical College Hospital, and the in-
formed consents from participants were waived. A total
of 1136 consecutive inpatients who were older than 16
years old and pathologically diagnosed as IMN by biop-
sy from January 2004 to June 2016 were retrospectively
reviewed for this study. The follow-up was conducted

till December 31, 2016. The Exclusion criteria were: 1,
patients with malignant tumor, autoimmune diseases,
serious mental diseases, or hematological diseases; 2,
patients with comorbidity of other pathological types of
glomerular diseases; 3. IMN diagnose was ambiguous;
4, insufficient follow-up information. There were 801
(70.5%) patients with complete follow-up information.
Among them, 35 patients were excluded by a variety
of reasons (Fig. 1). Thus 766 patients in total were
enrolled in this study.

Information collection and definition of variables
Clinical information at the time of biopsy were collect-
ed as the baseline data, including gender, age, history
of smoking, history of diabetes, hypertension, and pre-
vious onset of ATEs or VTEs, duration of the disease,
laboratory test results of proteinuria, serum albumin,
serum creatinine, cholesterol, triglycerides, and low

IMN patients(2004.01-2016.06)
n=1136

!

Complete follow-up
n=801

35 excluded:

¢ Died,failed to know the details, n=18

* Follow-up information insufficient, n=4
* Connective tissue diseases, n=3

* IMN diagnosis ambiguously, n=3

¢ Serious hematological system
diseases, n=3

e Tumors, n=2

* Combined with other pathological
types of glomerular diseases, n=1

* Mental disease, n=1

A
Final enrolled
n=766

Figure 1. Patient recruitment flowchart of the study co-
hort.
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density lipoprotein-cholesterol (LDL-C). The estimated
glomerular filtration rate (eGFR) was calculated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula.'* Nephrotic syndrome (NS) status
was identified as proteinuria =3.5 g/24 h and hypoal-
buminemia (< 30 g/L). Sub-nephrotic syndrome was
defined as proteinuria >0.3 g/24 h and <3.5 g/24 h.
The complete remission (CR) of the NS was identified
as proteinuria <0.3 g/24 h, with normal serum creati-
nine."

Thromboembolic events

We identified all symptomatic thromboembolic events.
VTEs consisted of DVT, RVT and PE, and ATEs included
CHD, IS and PAD. The diagnoses of DVT, RVT and PAD
were confirmed by compression sonography and col-
or-Doppler ultrasound. The diagnosis of PE was made
by CT pulmonary angiography. CHD was diagnosed if
any of myocardial infarction, angina pectoris or silent
myocardial ischemia was confirmed clinically by phy-
sicians. IS was diagnosed by medical imaging of CT or
MRI. Since cerebral transient ischemic attack was hard
to assess, we did not take it into assessment.

Statistical analysis
Statistical analysis was performed by using SPSS (ver-
sion 22, IBM, Armonk, NY, U.S.). Continuous variables
were presented as mean+SD or median with inter-
quartile ranges (IQR), and the differences were evalu-
ated by two tailed independent sample Student t test,
Mann-Whitney U test, Kruskal-Wallis test, or univariate
ANOVA, depending on the normality of the data and
levels of the outcome variable. Categorical variables
were presented as percentages, and the differences
were compared using chi-square test or Fisher’s test.
The observation time for each patient was defined
as the time period from kidney biopsy to death, or to
the time of the last follow-up. The incidences of ATE or
VTE at 0.5, 1, 2, 3, and 5 years were defined by the
percentage of patients who experienced the events
in the total number of patient-years. When calculat-
ing the cumulative incidence rates of ATE, we ignored
the occurrence of VTE, and vice versa. Kaplan-Meier
methods were used for cumulative incidence plots.
To assess risk factors for ATEs and VTEs, we used
Cox proportional hazards regression models. Baseline
variables were incorporated into the models. As some
patients experienced at least 1 episode of thrombo-
embolic events during the observation time, when
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analyzing characteristics of ATE or VTE, we treated the
thromboembolic events independently. A two-tailed
P value of less than 0.05 was considered statistically
significant.

RESULTS

Demographic characteristics of the cohort

Of 766 patients enrolled in this study, 58.6% were
male and 41.4% were female. The mean age of the
cohort was 47.6+14.8 years. Median observation time
period was 39.65 (24.5, 62.8) months. Patients in the
study cohort presented with a median level of protein-
uria 5.49 (3.29, 8.98) g/24 h, a mean serum albumin
of 27.2+6.6 g/L, and a mean eGFR of 97.14+21.94 ml/
min/1.73 m?. There were 453 out of 766 (59.1%) pa-
tients presented with nephrotic syndrome in this co-
hort.

Clinical manifestations of thromboembolic events
Of 766 enrolled patients, 78 events of ATEs occurred
in 71 patients (7 patients experienced 2 episodes of
ATEs), 60 events of VTEs occurred in 53 patients (7
patients experienced 2 episodes of VTEs). Besides, 8
patients experienced both episode of ATE and VTE. Of
all the ATEs, 45% (35/78) were IS, 50% (39/78) were
CAD, and only 5% (4/78) were PAD. DVTs were the
majority of VTEs, which accounted for 60%(36/60),
while RVT and PE accounted for 13% (8/60) and 27%
(16/60) respectively.

Incidences and time distribution of ATE and VTE
events

The cumulative incidence rates at 0.5, 1, 2, 3, and 5
years after biopsy were 4.3%, 5.7%, 6.3%, 7.1%, and
8.0% respectively for newly diagnosed ATEs, and 5.9%,
6.8%, 6.9%, 7.0%, and 7.1% respectively for newly
diagnosed VTEs (Fig. 2). The distribution of events by
years during the observing time (Fig. 3) demonstrated
that both ATEs and VTEs showed a onset peak in 0.5
year after biopsy. There was as high as 77.4% (41/53)
VTEs occurred in 0.5 years early after diagnosis of
IMN, while 36.6% (26/71) ATEs occurred within the
first 0.5 years, with the rest of ATEs occurred in al-
most each year during the observation time. The early
onset (in 0.5 year) and delayed onset (over 0.5 year)
for thromboembolic events distributed significantly
different between ATEs and VTEs patients (x°=20.3,
P<0.001).
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Figure 2. Kaplan-Meier estimates of the probability of
VTEs- and ATEs-cumulative incidences. ATEs, arterial
thromboembolic events; VTEs, venous thromboembolic

events.
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Figure 3. Time distributions of ATEs and VTEs during the
observation time.

Comparison of baseline characteristics between
patients with ATEs and VTEs

The baseline characteristics of the IMN patients with
onset of ATE and VTE were shown and compared in
Table 1. The mean age of IMN patients who experi-
enced ATE events was significantly older than those
of VTEs; patients who experienced ATE showed a
significantly lower level of eGFR (88.65+22.27 vs
97.22+18.86 ml/min/1.73 m?, P=0.03). The percent-
age of patients with nephrotic syndrome in ATEs group
and VTEs group were comparable, with no significant
difference. The levels of proteinuria and serum albumin
were also similar. There was no difference between two
groups in smoking exposure and hypertension.

Association of thromboembolic events with
clinical and laboratory characteristics

There were 58 episodes of ATEs and 56 episodes of
VTEs available for analysis, because in a few cases the

Table 1. Comparison of baseline characteristics between
ATE and VTE patients®

ATEs (n=71) VTEs (n=53) P value

Sex, n (%) 0.84
Male 44(62.0) 34(64.2)
Female 27(38.0) 19(35.8)
Age, year 57.0+11.9  49.6+14.8 0.003
History of
Smoking, n (%) 31 (43.7) 15(28.3)  0.08
Hypertension, n (%) 46 (64.8) 26 (49.1) 0.08
Diabetes, n (%) 16 (22.5) 14 (26.4) 0.62
Prior ATE, n (%) 4 (5.6) 2 (3.8) 0.63
Observation time, month 432 436 0.41
(5.4, 145.1) (21.5, 62.0)
Proteinuria, g/24 h 638 730 0.15

(3.79, 10.16) (4.88, 10.54)
Serum albumin, g/L 26.7+6.3 25.8+6.6 0.45
eGFR, ml/min/1.73 m® 88.65+22.27 97.22+18.86 0.03
Total cholesterol, mmol/L  7.98+2.42 8.87+2.84 0.11
Triglycerides, mmol/L 243 332 0.10
(1.81, 3.60) (1.96, 4.71)
LDL-C, mmol/L 5.41+2.19 5.63+2.48 0.68
NS, n (%) 49 (69.0) 38 (71.7) 0.75
§:Plus-minus values are means*SD; eGFR:estimated

glomerular filtration rate; LDL-C:low density lipoprotein
cholesterol; NS:nephrotic syndrome.

laboratory examinations at the time of events were left
out of the medical records. The detailed clinical and
laboratory data at the time of events were statistically
analyzed (Table 2). When experienced thromboem-
bolic events, patients of ATEs were significantly older
than those of VTEs (mean age 59.0+11.4 vs 50.0£15.4
years, t=3.3, P=0.001), regardless the early or delayed
onset. Compared to patients with ATE, patients with
VTE had higher level of proteinuria (z=3.1, P=0.002),
lower level of serum albumin (t=3.1, P=0.002) and
higher level of triglycerides (z=2.0, P=0.04). The mean
eGFR level of patients with VTE was relatively higher
than those with ATE (t=-2.5, P=0.02). 81.5% (44/54)
of patients with VTE were at NS status. In contrast,
42.1% (24/57) patients with ATE were at NS status.
This difference was statistically significant (X°=18.1,
P<0.001).

Variables related to the early or delayed onset of
thromboembolic events

Forty-eight out of 56 patients with VTE and 27 out of
58 patients with ATE had early onset of the events
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within 0.5 years after biopsied diagnosis. The clinical able risk prediction models, patients with a history of
characteristics of these early onset events were com- smoking, hypertension and ATEs were at higher risk
pared with those of delayed onset events that occurred of ATEs (HR=1.7, 95% CI:1.0-2.7; HR=1.8, 95% CI:
later than 0.5 years. As shown in Table 2, compared 1.1-3.0; and HR=2.4, 95% CI:1.1-5.2, respextively).

to patients with delayed onset of ATE, patients who A higher incidence of ATEs was coincidence with aging,
experienced early onset of ATE had relatively lower se- as the hazard ratio increased to 5.1 in patients of 35-
rum albumin level (26.8+7.6 g/L, P=0.01), and higher 54 years old, and reached to 13.0 (95% CI:3.1-53.3)
proportion of NS status (59.3% vs 26.7%, P=0.01). in patients aged above 55 years old. The higher level
Patients experienced the delayed onset of ATE were of proteinuria was significantly associated with ATEs,

mainly at sub-NS status or CR status (38.7% and with a hazard ratio of 2.2 (95% CI:1.1-4.4) when urine
35.5%, respectively). In patients with VTEs, both early protein reached over 8.0 g/24 h. Severe renal dys-

and delayed onset presented with massive proteinuria function (decreased eGFR) at baseline was also as-
and obvious hypoalbuminemia, and the majority of sociated with increased likelihood of ATEs, although
both were at NS status (79.2% and 75.0%, respective- the difference had no significance (P=0.10). VTEs
ly). There were no differences of all variables between were obviously associated with hypoalbuminemia
early and delayed onset of VTEs. and massive proteinuria (P=0.01 and P=0.03). The

multivariable survival analysis model revealed that
Risk factors identification for VTE and ATE in IMN the age at the time of diagnosis of IMN independently

patients predicted ATEs (P=0.001), and serum albumin lev-
Associations of baseline variables with the onset of el was the independent predicting factor for VTEs
ATEs and VTEs were shown in Table 3. In the univari- (P=0.03) (Table 4).

Table 2. Comparison of the clinical characteristics at the time of events between ATEs and VTEs®

ATEs (n=58) VTEs (n=56)
Characteristics P
. Early onset Delayed onset P . Early onset Delayed onset P +
Mean/ Median Mean/ Median value
(n=27) (n=31) value* (n=48) (n=8) value*
Age, year 59.0+11.4 59.4+11.8 58.7+11.2 0.81 50.0+15.4  49.0£16.0 56.4+9.5 0.21 0.001
Proteinuria,
/24 h 3.5(1.05, 7.12) 4.5(2.0, 6.7) 2.8(0.7, 7.8) 0.33 6.2(4.5, 9.6) 6.2(4.5,9.8) 6.7(4.4,9.2) 0.76 0.002
g
Serum albumin,
n 29.8+8.0 26.8+7.6 32.4+7.5 0.01 25.1+7.7 25.1+8.1 25.1+5.8 1.00 0.002
g
eGFR, ml/min/
e 84.2+22.1 87.5+£20.8 81.6+23.1 0.35 94.8422.3 96.6+21.4 84.0+26.3 0.14 0.02

Total cholesterol,
L 7.4(5.1,8.9) 7.8(6.5,8.9) 6.1(4.9,9.3) 0.11 8.0(6.3, 9.3) 8.4+2.7 7.9+1.4 0.66 0.21
mmo

Triglycerides,
. 2.1(1.7,3.0) 2.1(1.7, 4.3) 2.6(1.1,2.9) 0.75  3.4(1.9, 4.4) 3.4(2.0, 4.0) 1.9(1.6, 4.8) 0.63 0.04
mmo

LDL-C, mmol/L  4.3(2.7, 6.5) 5.5(2.7, 6.7) 3.8(2.6, 6.4) 0.27  4.5(3.4, 7.0) 4.5(3.3,7.2) 4.51(3.45,-) 0.87 0.54

NS, n (%) < 0.001
NS status 24 (42.1) 16 (59.3)  8(26.7)  0.01 44 (81.5)  38(79.2) 6 (75.0)  N/A
Sub-NS 22 (38.6) 10 (37.0) 12 (38.7) 8 (14.8) 8 (16.7) 0 (0.0)
CR 11 (19.3) 1(3.7) 10 (35.5) 2(3.7) 2 (4.2) 0 (0.0)

§:Plus-minus values are means+SD; *compared between events with early onset (<0.5 years) and delayed onset (>0.5
years); fcompared between ATEs and VTEs.

Note:In ATEs, proteinuria, serum albumin, and eGFR were missed in 6, 8, and 8 patients, respectively; total cholesterol,
triglycerides, and LDL-C were available for 35, 33, and 25 patients, respectively. In VTEs, Proteinuria was missed for 3
patients; total cholesterol, triglycerides, and LDL-C were available for 37, 36, and 29 patients, respectively. NS status were
unknown in 1 patients with delayed onset ATEs and 2 patients with delayed onset VTEs.
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Table 3. Univariable model proportional-hazards analysis on association of clinical characteristics with VTE and ATE

Sex, male 449 1.2 0.8-2.0 0.39 1.6 0.8-2.4 0.29

<35 167 1.0 reference 1.0 reference

=55 276 13.0 3.1-53.3 1.3 0.6-2.6

Smoking 228 1.7 1.0-2.7 0.03 0.9 0.5-1.7 0.81

Diabetes 90 1.5 0.8-2.8 0.24 1.3 0.6-2.9 0.44

Proteinuria, g/24 h 712 0.04 0.03

3.5-8.0 313 0.7-2.7 3.6 1.3-10.5

—_
w

o
[e)]
i

Serum albumin, g/L 710 0.01

20-35 198 1.4 0.6-3.0

N
w

0.7-7.6

o
—
o

eGFR, ml/min/1.73 m? 760 0.27

60-89 195 1.4 0.8-2.4 1.4 0.8-2.5

o
©
N
o
HN
N

Total cholesterol, mmol/L 543

5.18-7.76 240 0.9 0.3-2.4 2.4 0.3-18.3

Table 4. Multivariable model proportional-hazards analysis on risk factors of VTE and ATE

History of Serum albumin, g/L 0.03

ATE 1.6 0.7-3.5 0.28 20-35 1.3 0.4-4.5

Age, years 0.001

35-54 4.4 1.0-19.1

Proteinuria, g/24 h 0.11 Proteinuria, g/24 h

o
-
w

3.5-8.0 1.1 0.6-2.3 3.5-8.0 3.0 1.0-8.9
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DISCUSSION

To our knowledge, this study is the largest cohort
that investigate the arterial and venous thromboem-
bolic events among Chinese patients with IMN. The
findings in this study demonstrate that patients with
IMN have high incidences of thromboembolic events
compared to the general population, particularly within
the first 6 months after pathological diagnosis of the
disease. In this Study, we systematic exhibited the
cumulative incidence rates of ATEs and VTEs, provided
the detail elements of each events, and further investi-
gated the risk factors.

Nephrotic syndrome is characterized by hyper-
lipidemia, with elevated levels of total cholesterol and
LDL-C." It is assumed that nephrotic syndrome related
hyperlipidemia can accelerate atherosclerosis, thus
increase the risk of cardiovascular diseases in patients
with NS.'* This hypothesis had been verified by some
studies with small specimen,®® but the knowledge
about cardiovascular diseases risk among patients
with IMN are limited.'”**" Lee et al demonstrated that
patients with IMN were at high risk of cardiovascular
events (CVEs).' In their cohort, the cumulative inci-
dences of CVEs were 4.4%, 5.4%, 8.2%, and 8.8%
at 1, 2, 3, and 5 years respectively. Severe renal
dysfunction at baseline and severity of nephrotic syn-
drome were statistically associated with an increased
occurrence of CVEs. In our cohort, the cumulative
incidences of ATEs were relatively lower compared to
those in the Lee’s study.' This difference might due to
there were more patients with severe nephrosis and
renal dysfunction in their cohort (proteinuria: 8.7 +
6.2 g/d, serum albumin: 25 + 8.0 g/L, eGFR: 68.9 %
33.5 ml/min/1.73m?) than in ours. Low eGFR was also
associated with ATEs, although this association did not
reach statistical significance (P=0.10).

In our cohort, IS accounted for 45% of the ATEs,
which was obviously distinguished from the results in
almost all the studies from western countries, where
the majority of the ATEs in their cohorts were CHD.
This finding should raise attention on IS as a frequent
thromboembolic event in Chinese patients with IMN.

ATEs presented a peak onset early in the 0.5
years after biopsy, with an increasing accumulate in-
cidence over time. It seemed that the occurrence of
ATEs had two types: ATE early onset (occurred within
0.5 years) and ATE delayed onset (occurred after 0.5
years). At the time of ATE events, 59.3% of patients
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experienced early onset of ATE were at nephrotic syn-
drome status, and presented very low serum albumin
levels, while those experienced delayed onset of ATE
were mainly at sub-nephrotic syndrome (38.7%) or
in remission (35.5%). The severity of nephrotic syn-
drome at the time of the event was closely related to
the risk of early onset ATEs. These findings were in
accordance with studies of Lee et al*® and Mahmoodi et
al.’ Furthermore, univariable survival analysis showed
ATEs were associated with proteinuria, age, smoking,
history of hypertension and prior ATE, while multivari-
able survival analysis model indicated that age inde-
pendently predict ATEs. All these findings above in this
study support the hypothesis that early onset of ATE is
probably due to the thrombophilic state of NS, and de-
layed onset of ATEs may be caused by the accelerated
atherosclerosis associated with hyperlipidemia.*

VTE is a common complication in patients with
nephrotic syndrome, especially in MN. In our cohort,
VTE occurred in 6.9% of IMN patients. The underlying
mechanisms are incompletely understood. In nephrot-
ic syndrome, the decreased levels of serum proteins,
such as antithrombin Il , and increased production of
fibrinogen in the liver due to urinary loss of pro- and
anticoagulant proteins or hypoalbuminemia were con-
sidered to be involved in the hypercoagulable state,
which results in the increased risk of VTEs.'® Many re-
searchers reported RVT as the most common venous
thromboembolism in patients with MN,'®?° however,
there is still controversial in whether DVT or RVT oc-
curs more frequently in this situation.>*" This study re-
vealed that DVTs accounted for 60% of all VTE events
in our cohort.

We found that VTEs were mainly occurred with-
in the first 0.5 years after diagnosis, and the accu-
mulative incidence went stable after 2 years. At the
time of VTEs events, majority of patients were at
NS status (81.5%), with no difference between the
early and the delayed onset (79.2% and 75.0%).
Previous studies demonstrated that proteinuria, hy-
poalbuminemia, and the ratio of proteinuria to serum
albumin were risk factors for the onset of VTE,*!%202?
Recently, Lionaki et al reported that each 10 g/L re-
duction in serum albumin was associated with a 2.13
fold increased risk of VTE; an albumin level of 28 g/L
was the threshold below which the risk for a venous
thromboembolic event was the greatest. The authors
concluded that hypoalbuminemia at diagnosis of
IMN independently predicted a venous thromboem-
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bolic event.?® Our study found that the hazard ratio
reached to 5.5 for VTE when serum albumin <20 g/L,
which further confirmed that hypoalbuminemia was
the dominant independent risk factor for VTE. How-
ever, proteinuria was not shown to independently
predict VTE by multivariable analysis. As most pa-
tients can reach remission after efficient therapy in
2 years,” patients achieved remission in our cohort
were about 70%, thus might explain the stable accu-
mulate incidence of VTE after 2 years of diagnosis.

At the time of events, 78.6% of IMN patients
who experienced VTEs were at NS status, compared
to 41.4% of IMN patients with ATE were at NS sta-
tus. This finding suggested that severe nephrotic
syndrome status may be prone to the onset of VTE.
Besides, history of ATE suggested a high risk of a re-
peated ATE, but had no association with the VTEs.

There are several limitations in our study. As a
retrospective study, some baseline laboratory data
and follow-up laboratory data were not gainable in
all patients. Patients with asymptomatic VTEs did not
routinely followed up, and patients with mild symp-
toms of ATEs were ignored. The absence of these
data could lead to the underestimate of the incidenc-
es. Although it is the largest cohort that investigate
thromboembolic events in Asian patients with IMN
by far, the wide confidence intervals of hazard ratios
weaken the power of the results. Besides, we failed
to further analyze the influence of medications in the
cohort, such as glucocorticoids, immunosuppressors,
aspirin, and warfarin. Whether prophylactic anticoag-
ulation therapy could lower the risks of events is still
unclear and need to be elucidated by further investi-
gations.

In summary, this study reveals that patients
with IMN have increased incidences of ATEs and
VTEs, especially within the first 6 months of the dis-
ease. The majority of ATEs were cardiovascular dis-
eases and thrombotic ischemic stroke, and for VTEs
were deep vein thrombosis. IS accounted for 45%
of ATEs, which should raise attention for the clinical
management of patients with IMN in Chinese popu-
lation. Proteinuria, aging, history of smoking, hyper-
tension and prior ATE were associated with ATEs. Hy-
poalbuminemia was the dominant independent risk
factor for VTE. Both ATEs and VTEs occured frequent-
ly at the status of nephrotic syndrome, but VTEs tend
to be more likely to occur than ATEs among patients
with nephrotic syndrome. Clinical management to

prevent thromboembolic events in the early stage of
IMN should gain particular attention in patients who
are at the status of nephrotic syndrome.
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