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Abstract
Background: Compared to the general population, kidney transplant recipients are at increased risk of hemorrhage and 
thrombosis. Whether this risk is affected by graft function and albuminuria is unknown.
Objective: To determine the association between graft function and albuminuria and the risk of post-transplant hemorrhage 
and thrombosis.
Design: Retrospective cohort study.
Setting: We used linked health care databases in Alberta, Canada.
Patients/sample/participants: We included adult kidney transplant recipients from 2002 to 2015 with a functioning graft 
at 1 year.
Measurements: Estimated glomerular filtration rate (eGFR) and albuminuria measurements at 1 year post-transplant were 
used to categorize recipients (eGFR: ≥45 vs. <45 mL/min/1.73 m2; albuminuria: absence vs. presence). We determined the 
rates of post-transplant hemorrhage and venous thrombosis based on validated diagnostic and procedural codes.
Methods: We determined the association between categories of eGFR and albuminuria and post-transplant hemorrhage 
and venous thrombosis using Poisson regression with log link.
Results: Of 1284 kidney transplant recipients, 21% had an eGFR <45 mL/min/1.73 m2 and 40% had presence of albuminuria 
at 1 year post-transplant. Over a median follow-up of 6 years, there were 100 hemorrhages (12.6 events per 1000 person-
years) and 57 venous thrombosis events (7.1 events per 1000 person-years). The age- and sex-adjusted rate of hemorrhage 
and thrombosis was over 2-fold higher in recipients with lower eGFR and presence of albuminuria compared to higher eGFR 
and no albuminuria (hemorrhage: incidence rate ratio, IRR, 2.6, 95% confidence interval [CI]: 1.5-4.4, P = .001; thrombosis: 
IRR, 2.3, 95% CI: 1.1-5.0, P = .046).
Limitations: Complete relevant medication information, such as anticoagulants, were not available in our datasets. Due to 
sample size, this study was underpowered to conduct a fully adjusted analysis.
Conclusion: Among kidney transplant recipients, lower eGFR and presence of albuminuria at 1 year post-transplant were 
associated with an over 2-fold higher risk of hemorrhage and venous thrombosis. Graft function and albuminuria at 1 year 
post-transplant are important prognostic factors in determining risk of post-transplant hemorrhage and venous thrombosis. 
Further research, including medication data, are needed to further delineate outcomes and safety.
Trial registration: Not applicable (cohort study).

Abrégé 
Contexte: Les receveurs d’une greffe rénale sont plus sujets aux hémorragies et aux thromboses que l’ensemble de la 
population. Nous ignorons cependant si ce risque est affecté par l’albuminurie et la fonction du greffon.
Objectif: Déterminer s’il existe une association entre l’albuminurie et le risque de subir une hémorragie ou une thrombose 
à la suite d’une greffe.
Type d’étude: Étude de cohorte rétrospective.
Sources: Les bases de données du système de santé albertain (Canada).
Sujets: Nous avons inclus les adultes ayant reçu une greffe rénale entre 2002 et 2015, et dont le greffon était toujours 
fonctionnel un an après l’intervention.
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Mesures: Nous avons utilisé les mesures d’albuminurie et de débit de filtration glomérulaire estimé (DFGe) un an après 
la greffe pour classer les sujets (absence ou présence d’albuminurie; DFGe: ≥45 ou <45 mL/min/1,73 m2). Les taux 
d’hémorragies et de thromboses veineuses post-transplantation ont été établis à l’aide de codes de diagnostic et de codes 
de procédure validés.
Méthodologie: L’association entre le DFGe ou l’albuminurie et un risque d’hémorragie ou de thrombose veineuse post-
greffe a été établie par une régression de Poisson avec lien logarithmique.
Résultats: Un an après l’intervention, 40 % des 1 284 receveurs d’une greffe rénale inclus dans l’étude présentaient de 
l’albuminurie et 21 % présentaient un DFGe inférieur à 45 mL/min/1,73 m2. Au cours d’un suivi médian de six ans, 100 
hémorragies (12,6 événements par 1 000 années-personnes) et 57 thromboses veineuses (7,1 événements par 1 000 années-
personnes) ont été rapportées. Les taux d’hémorragies et de thromboses, corrigés selon l’âge et le sexe des sujets, étaient 
au moins deux fois plus élevés chez les receveurs présentant une albuminurie et un faible DFGe comparativement à ceux qui 
ne présentaient pas d’albuminurie et dont le DFGe était d’au moins 45 mL/min/1,73 m2 (rapport des taux d’incidence [RTI] 
pour les hémorragies = 2,6; IC à 95 %: 1,5-4,4; p=0,001; RTI pour les thromboses veineuses: 2,3; IC à 95 %: 1,1-5,0; p=0,046).
Limites: Les informations complètes sur les médicaments, notamment sur les anticoagulants, n’étaient pas disponibles dans 
nos jeux de données. En raison de la taille de l’échantillon, cette étude s’est avérée insuffisante pour mener une analyze 
entièrement ajustée.
Conclusion: Un an après l’intervention, la présence d’albuminurie et un faible DFGe ont été associés à un risque au moins 
deux fois plus élevé d’hémorragies et de thromboses veineuses chez les receveurs d’une greffe rénale. La fonction du greffon 
et l’albuminurie s’avèrent donc d’importants facteurs de risque d’hémorragie et de thrombose veineuse pour ces patients. 
Des recherches supplémentaires, y compris des données sur les médicaments, sont toutefois nécessaires pour mieux définir 
les résultats et l’innocuité.
Enregistrement de l’essai: Sans objet (étude de cohorte).
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Introduction

Kidney transplant recipients are at increased risk of hemor-
rhage and venous thromboembolism (VTE) when compared 
to the general population. The 3-year incidence rate of major 
hemorrhage in kidney transplant recipients has been reported 
to be 12.7 events per 1000 person-years and 8-fold higher 
than the general population.1 Similarly, the incidence of VTE 
(comprising pulmonary embolism [PE] and deep vein throm-
bosis [DVT]) in kidney transplant recipients has been 
reported to be 16.3 events per 1000 person-years and 7-fold 
higher than the general population.2 In addition, recipients 
who experience a post-transplant VTE have a 2-fold higher 
risk of graft loss and 4-fold higher risk of death compared to 
recipients who do not experience a VTE.2

Patients with chronic kidney disease (CKD) are also at an 
increased risk of hemorrhage and VTE, and lower estimated 
glomerular filtration rate (eGFR) and heavier albuminuria 

have been associated with this increased risk.3-5 Lower eGFR 
and heavier albuminuria in the non-transplant population 
have been independently associated with other important 
outcomes including mortality, kidney replacement therapy 
(KRT), and cardiovascular events.6-10 We have shown similar 
associations in the kidney transplant population.11,12 Thus, 
eGFR and albuminuria are thought to be important prognos-
tic factors post-transplant. Whether eGFR and albuminuria 
are associated with the risk of hemorrhage and VTE in kid-
ney transplant recipients is unknown.

Methods

Design and Setting

We conducted a population-based, retrospective cohort study 
using linked health care databases within the Alberta Kidney 
Disease Network (AKDN) that incorporates data from 
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Alberta Health, the provincial health ministry.13 More than 
99% of Alberta residents are registered with Alberta Health 
and have universal access to hospital care and physician ser-
vices. We followed guidelines for the reporting of observa-
tional studies (Table S1) and a protocol approved by the 
research ethics boards at the University of Alberta and the 
University of Calgary, with a waiver of patient consent.

Data Sources

We ascertained baseline patient characteristics, covariate 
information, and outcome data from the AKDN records 
(Table S2). The Alberta Health database contains informa-
tion on demographic data, vital statistics, and diagnostic and 
procedural information for inpatient and outpatient physician 
services. We identified kidney transplant recipients using the 
Northern and Southern Alberta Renal Program databases, 
which provide care to all patients treated with maintenance 
dialysis or kidney transplant in the province. We linked these 
data sources to a provincial laboratory repository (which 
captures all laboratory data in Alberta) via unique, encoded, 
patient identifiers held by the AKDN. These databases have 
been used extensively for research on health outcomes and 
services.6,11,12,14,15

Population

We included all adult kidney transplant recipients (≥18 years 
old), who received their first kidney-only transplant between 
May 1, 2002 and March 31, 2015 in Alberta (Figure S1). We 
excluded pediatric recipients (<18 years old) and those who 
had received a previous organ transplant or a simultaneous 
multi-organ transplant (eg, kidney-pancreas). Eligible recipi-
ents had at least one outpatient serum creatinine measure-
ment and at least one outpatient measurement of albuminuria 
at 1 year following transplantation. We chose to classify kid-
ney function at this time to ensure stability of kidney func-
tion and immunosuppression regimen and because this 
metric has been shown to be predictive of other clinical out-
comes, such as mortality and graft failure.11,16-18 In addition, 
we wanted to exclude perioperative hemorrhage or thrombo-
sis events within the first year following transplantation. 
Thus, to be included in the study, recipients must have sur-
vived at least 1 year with a functioning graft. We excluded 
transplant recipients who had graft failure (death or return to 
dialysis) in the first year post-transplant or whose eGFR was 
<15 mL/min/1.73 m2. The start date for follow-up (index 
date) was the 1 year post-transplant date.

Measurement of Kidney Function and 
Albuminuria

The eGFR at 1 year post-transplant was estimated using the 
Chronic Kidney Disease-Epidemiology Collaboration (CKD-
EPI) equation.19 Although data on race were not available, 

misclassification of eGFR was expected to be minimal as 
~3% of the Alberta population are Black.20 Only outpatient 
values were used to determine baseline eGFR and albumin-
uria to ensure representation of baseline kidney function and 
albuminuria. Baseline kidney function (index eGFR) was 
estimated using all outpatient serum creatinine measurements 
taken within a 3-month look-forward period of the creatinine 
measurement closest to the 1 year post-transplant date (index 
creatinine; Figure S2). The 3-month look-forward period was 
used to ensure creatinine values were after the 1 year post-
transplant date. The index eGFR was calculated as the mean 
of these measurements within the 3-month period and catego-
rized arbitrarily as ≥45 or <45 mL/min/1.73 m2. The KDIGO 
(Kidney Disease: Improving Global Outcomes) CKD catego-
ries 1 to 5 were not used as we anticipated too few events in 
each category to perform meaningful analyses.21

Albuminuria was ascertained from outpatient, random, 
spot urine measurements of albumin-creatinine ratio (ACR), 
protein-creatinine ratio (PCR), or urine dipstick and catego-
rized as absent (ACR <30 mg/g, PCR <15 mg/mmol, or 
dipstick negative) or present (ACR ≥30 mg/g, PCR ≥15 
mg/mmol, dipstick ≥trace).13,21-23 The KDIGO categories of 
albuminuria were not used as we anticipated too few events 
in each category to perform meaningful analyses. Albumin-
creatinine ratio was the primary measure of albuminuria and 
if unavailable was supplemented with PCR measurements. 
When both ACR and PCR were unavailable, dipstick urinal-
ysis was used. All outpatient ACR or PCR measurements or 
urine dipsticks in the 3-month periods before and after the 
index creatinine value were used to establish baseline albu-
minuria. The 3-month before and after periods were used, as 
outpatient urine protein measurements may not be routinely 
ordered with serum creatinine measurements, and multiple 
measurements have been shown to be more representative.24 
For recipients with multiple albuminuria measurements 
within the 3 months of the index creatinine value, the median 
value was calculated.

Baseline Characteristics

Baseline demographic data, including age and sex, were 
determined from the Alberta Health administrative data files. 
The presence of one or more diagnostic codes in the 3 years 
prior to the index date was used for identification of comor-
bidities according to validated International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
and International Statistical Classification of Diseases, Tenth 
Revision (ICD-10) coding algorithms applied to physician 
claims and hospitalization data.25,26 Comorbidities of interest 
included previous hemorrhage, VTE, atrial fibrillation, and 
cancer. Hypertension and diabetes mellitus were identified 
from hospital discharge records and physician claims based 
on validated algorithms.27,28 Data were complete except for 
income quintile (<1% missing), which were imputed based 
on the most frequent age-sex-specific value.
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Outcomes

Recipients were followed from the first post-transplant anni-
versary date (index date) until death, emigration from the 
province, end of study (March 31, 2017), or outcome of 
interest (first event only). Post-transplant hemorrhage 
included intracranial bleeds and gastrointestinal (GI) bleeds 
using validated diagnostic codes, similar to previous stud-
ies.1,4,29 VTE was defined using a validated algorithm com-
prising of one diagnostic code and one imaging code for 
either DVT or PE within 30 days of each other or during the 
same hospitalization for inpatients.30 A combination of diag-
nostic and imaging codes was used as the presence of a sin-
gle code for VTE has a poor positive predictive value.31

Statistical Analyses

Differences between groups were compared using chi-square 
test for categorical variables and Kruskal-Wallis tests for all 
continues variables. Poisson regression with log link was used 
to evaluate the association between the baseline factors and 
each outcome of interest, with rates expressed per 1000 person-
years.32 The 95% confidence interval (CI) was estimated using 
bootstrap techniques. If the primary assumption that variance 
equals the mean was not met, a negative binomial model or a 
generalized Poisson model (with a log link) was used. We cal-
culated unadjusted rates for each of the outcomes by level of 
eGFR and presence or absence of albuminuria. We then calcu-
lated the event rates for each outcome, adjusting for age and 
sex. Two-way interactions between eGFR and albuminuria 
were assessed and included in all clinical outcomes, as they 
were shown to be significant in the non-transplant population 
for both hemorrhage and VTE.3,4 Finally, we calculated inci-
dence rate ratios (IRR) using the recipients with eGFR ≥45 
mL/min/1.73 m2 and no albuminuria as the referent group. In 
sensitivity analyses, we treated death as a competing risk event 
rather than censoring for death. Cumulative incidence func-
tions were estimated using the Fine and Gray approach.

For the primary analysis, we included all patients with at 
least one albuminuria measurement based on ACR, PCR, or 
urine dipstick. In sensitivity analyses, we included measure-
ments based on ACR and PCR alone (not including urine 
dipstick). We also performed analyses that adjusted for addi-
tional baseline variables, including peripheral vascular dis-
ease and diabetes mellitus. We added one variable at a time 
to the age- and sex-adjusted model. Statistical analyses were 
performed using Statistical Analysis Software STATA ver-
sion 15 (STATA Corporation, College Station, TX). A P 
value of <.05 was used to define statistical significance.

Results

Baseline Characteristics

There were 1284 adult kidney-only transplant recipients with a 
functioning graft and at least one serum creatinine and urine 

protein measurement at 1 year post-transplant (Figure S1). 
Baseline characteristics according to level of kidney function 
and albuminuria are shown in Table 1. In our cohort, 21% had 
eGFR <45 mL/min/1.73 m2 and 40% had presence of albu-
minuria. The median age of the cohort was 53 years (interquar-
tile range [IQR]: 41-62 years). Compared to recipients with 
eGFR ≥45 mL/min/1.73 m2 and no albuminuria, recipients 
with eGFR <45 mL/min/1.73 m2 and presence of albuminuria 
were more likely to be older and have a longer pre-transplant 
dialysis duration. In addition, recipients with lower eGFR and 
presence of albuminuria had more comorbidities, such as dia-
betes mellitus and peripheral vascular disease. Other comor-
bidities including previous hemorrhage, VTE, cancer, and 
atrial fibrillation were similar across all groups.

Outcomes

Over a median follow-up of 6.1 years, there were 100 hemor-
rhages (12.6 events per 1000 person-years) and 57 VTE 
events (7.1 events per 1000 person-years). Of the 57 VTE 
events, 49 were de novo (86%) and 8 were recurrent (14%). 
The median time from 1 year post-transplant to the first hem-
orrhage and VTE event was 4.5 and 2.3 years, respectively.

The rate of hemorrhage was over 2-fold higher in recipi-
ents with eGFR <45 mL/min/1.73 m2 and presence of albu-
minuria compared to recipients with eGFR ≥45 mL/min/1.73 
m2 and no albuminuria (23.1 vs. 9.0 events per 1000 person-
years; IRR: 2.6, 95% CI: 1.5-4.4; P = .001; Table 2, Figure 
1). The rate of hemorrhage was nearly 4-fold higher when 
only ACR and PCR measurements (excluding urine dipstick) 
were used in sensitivity analyses (IRR: 3.9, 95% CI: 1.8-7.5; 
P < .001). In recipients with eGFR ≥45 mL/min/1.73 m2, 
the rate of hemorrhage was significantly higher with the 
presence of albuminuria compared to no albuminuria (IRR: 
2.0, 95% CI: 1.3-3.2; P = .003). Sensitivity analyses using 
only ACR and PCR measurements showed similar findings 
(IRR: 2.7, 95% CI: 1.5-5.3; P = .002). In recipients with no 
albuminuria, the rate of hemorrhage was not significantly 
higher with eGFR <45 mL/min/1.73 m2 compared to eGFR 
≥45 mL/min/1.73 m2 (10.0 vs. 9.0 events per 1000 person-
years; IRR: 1.1, 95% CI: 0.3-2.3; P = .8).

The rate of VTE was also significantly higher in recipi-
ents with eGFR <45 mL/min/1.73 m2 and presence of albu-
minuria compared to recipients with eGFR ≥45 mL/min/1.73 
m2 and no albuminuria (11.8 vs. 5.2 events per 1000 person-
years; IRR: 2.3, 95% CI: 1.1-5.0; P = .046; Table 3, Figure 
1). Sensitivity analyses using only ACR and PCR measure-
ments showed similar findings (IRR: 3.0, 95% CI: 1.0-8.8; P 
= .046). In recipients with eGFR ≥45 mL/min/1.73 m2, the 
rate of VTE was not significantly higher with the presence of 
albuminuria compared to no albuminuria (IRR: 1.5, 95% CI: 
0.7-2.8; P = .2). In recipients with no albuminuria, the rate 
of VTE was not significantly higher with eGFR <45 mL/
min/1.73 m2 compared to eGFR ≥45 mL/min/1.73 m2 (IRR: 
2.1, 95% CI: 0.8-4.3; P = .1).
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Interactions between albuminuria and eGFR were not sta-
tistically significant for hemorrhage (P = .81) and VTE (P = 
.62). However, the difference in risk associated with pres-
ence of albuminuria (as compared with no albuminuria) 
appeared clinically relevant with every eGFR stratum for 
both hemorrhage and VTE. Results for both hemorrhage and 
VTE were similar in sensitivity analyses that adjusted for 
peripheral vascular disease and diabetes mellitus. Age- and 
sex-adjusted cumulative incidence curves for hemorrhage 
and VTE are shown in Figures 2 and 3, respectively.

Discussion

In this retrospective study of 1284 adult kidney transplant 
recipients, we found a 2-fold increase in rates of hemorrhage 

and VTE in recipients with lower eGFR and presence of 
albuminuria compared to higher eGFR and no albuminuria. 
In recipients with higher eGFR, the rates of hemorrhage 
were higher with the presence of albuminuria compared to 
no albuminuria. However, in recipients with no albuminuria, 
the rates of hemorrhage were not higher with lower eGFR. 
Rates of VTE were not higher with the presence of albumin-
uria or lower eGFR independently. To our knowledge, this is 
the first study of its kind in kidney transplant recipients.

Our findings in kidney transplant recipients are similar to 
that of the CKD population, where there is an increased risk 
of major hemorrhage and GI bleeding with lower eGFR and 
higher albuminuria.4,33 In an Ontario study of 516 197 
patients, the highest risk of hemorrhage over 3 years was 
found in patients with eGFR <15 mL/min/1.73 m2 and ACR 

Table 1. Demographic Characteristics of Recipients at 1 Year Post-Transplant by Level of Kidney Function and Albuminuria.

Characteristic

Overall
Estimated glomerular filtration rate 

(mL/min per 1.73 m2) Albuminuria

n (%) ≥45 <45 Absence Presence

Recipients (n) 1284 (100) 1015 (79.0) 269 (21.0) 768 (59.8) 516 (40.2)
Age (years) 53.2 (40.9-62.2) 51.6 (39.6-61.3) 58.3 (47.9-66.3) 52.1 (40.1-61.8) 55.0 (42.9-63.0)
 >65 years 240 (18.7) 163 (16.1) 77 (28.6) 140 (18.2) 100 (19.4)
Female sex 463 (36.1) 364 (35.9) 99 (36.8) 290 (37.8) 173 (33.5)
Socio-economic statusa

 Lowest 284 (22.1) 222 (21.9) 62 (23.0) 163 (21.2) 121 (23.4)
 Middle 260 (20.2) 210 (20.7) 50 (18.6) 150 (19.5) 110 (21.3)
 Highest 221 (17.2) 178 (17.5) 43 (16.0) 144 (18.8) 77 (14.9)
Urban residenceb 1146 (89.3) 912 (89.9) 234 (87.0) 697 (90.8) 449 (87.0)
Pre-transplant dialysis modalityc

 Hemodialysis 768 (59.8) 593 (58.4) 175 (65.1) 454 (59.1) 314 (60.9)
 Peritoneal 344 (26.8) 283 (27.9) 61 (22.7) 209 (27.2) 135 (26.2)
 Pre-emptive 172 (13.4) 139 (13.7) 33 (12.3) 105 (13.7) 67 (13.0)
Dialysis duration (years) 2.3 (1.3-3.6) 2.2 (1.2-3.5) 2.7 (1.6-4.1) 2.1 (1.1-3.3) 2.6 (1.5-4.0)
Comorbiditiesd

 Hypertension 1146 (89.3) 909 (89.6) 237 (88.1) 684 (89.1) 462 (89.5)
 Diabetes mellitus 475 (37.0) 357 (35.2) 118 (43.9) 244 (31.8) 231 (44.8)
 Myocardial infarction 22 (1.7) 14 (1.4) 8 (3.0) 11 (1.4) 11 (2.1)
 Percutaneous coronary 

intervention/coronary artery 
bypass graft

49 (3.8) 38 (3.7) 11 (4.1) 29 (3.8) 20 (3.9)

 Heart failure 135 (10.5) 104 (10.2) 31 (11.5) 72 (9.4) 63 (12.2)
 Atrial fibrillation 67 (5.2) 47 (4.6) 20 (7.4) 36 (4.7) 31 (6.0)
 Stroke/transient ischemic attack 63 (4.9) 49 (4.8) 14 (5.2) 40 (5.2) 23 (4.5)
 Peripheral vascular disease 99 (7.7) 66 (6.5) 33 (12.3) 48 (6.3) 51 (9.9)
 Cancer 25 (1.9) 22 (2.2) 3 (1.1) 16 (2.1) 9 (1.7)
 Hemorrhage 105 (8.2) 77 (7.6) 28 (10.4) 66 (8.6) 39 (7.6)
 Venous thromboembolism 61 (4.8) 46 (4.5) 15 (5.6) 31 (4.0) 30 (5.8)

Note. Data are presented as number (%) except for age and dialysis duration, which are presented as median (interquartile range).
aIncome was categorized according to fifths of average neighborhood income (first quintile is the lowest and the fifth quintile is the highest).
bUrban location indicates a population >10 000 or a population >1000 with population density >400/km2.
cRecipients identified as pre-emptive were assessed for the presence of dialysis codes and re-classified as hemodialysis (n = 22) or peritoneal dialysis  
(n = 14).
dAssessed by the presence of a diagnostic or procedural code in the 3 years prior to the index date except for hypertension and diabetes which are 
defined by a previously validated algorithm.27,28



6 Canadian Journal of Kidney Health and Disease

>300 mg/g when compared to eGFR >90 mL/min/1.73 m2 
and ACR <30 mg/g.4 Additionally, albuminuria had an 
eGFR-independent effect on the risk of hemorrhage. As 
albuminuria is a marker of endothelial dysfunction, hyper-
tensive vascular injury could lead to endothelial dysfunction 
and hemorrhage.4 Similarly, we found increased rates of 
hemorrhage with the presence of albuminuria vs. no albu-
minuria in the higher eGFR group, but not with eGFR <45 
vs. ≥45 mL/min/1.73 m2 in the no albuminuria group.

Table 2. Rates of Hemorrhage by Level of eGFR and Albuminuria in Kidney Transplant Recipients, Per 1000 Person-Years.

eGFR

Albuminuria
Albuminuria (albumin-to-creatinine ratio,  

protein-to-creatinine ratio)

Overall Absence Presence Overall Absence Presence

≥ 45 mL/min/1.73 m2

 Events, n 74 38 36 44 15 29
 Patients, n 1015 659 356 743 424 319
 Unadjusted 11.6 (9.2, 14.4) 8.7 (6.1, 11.5) 17.8 (12.8, 24.6) 10.6 (7.7, 13.8) 6.2 (3.8, 10.1) 16.8 (11.1, 23.7)
 Adjusteda 11.9 (9.5, 14.8) 9.0 (6.4, 11.8) 18.0 (12.9, 25.1) 10.7 (7.7, 13.9) 6.3 (3.9, 10.2) 17.0 (11.2, 24.0)
<45 mL/min/1.73 m2

 Events, n 26 7 19 22 5 17
 Patients, n 269 109 160 196 55 141
 Unadjusted 17.2 (11.1, 23.8) 10.0 (3.0, 18.9) 23.5 (14.0, 35.3) 22.4 (12.7, 31.4) 16.9 (4.4, 38.5) 24.7 (13.3, 36.0)
 Adjusteda 17.1 (10.9, 23.4) 10.0 (3.0, 19.2) 23.1 (13.8, 35.0) 22.1 (12.6, 31.2) 16.6 (4.6, 38.1) 24.6 (12.7, 36.0)

Note. Data are presented as rate (95% confidence interval). eGFR = estimated glomerular filtration rate.
aAdjusted for age and sex.

Figure 1. Adjusted incidence rate ratios of hemorrhage and venous thromboembolism by level of eGFR and albuminuria in kidney 
transplant recipients.
Note. All values, including point estimates and confidence limits, are plotted on log scale. eGFR = estimated glomerular filtration rate; IRR = incidence 
rate ratio; CI = confidence interval.

Risk of VTE is also increased with lower eGFR and 
higher albuminuria in patients with CKD.3,5,34 Cheung et al 
reported that the risk of VTE increased more than 2-fold in 
patients with eGFR <45 mL/min/1.73 m2 compared to 
patients with eGFR ≥90 mL/min/1.73 m2.34 In another 
Canadian study, the risk of VTE progressively increased 
with worsening albuminuria, but this effect was attenuated in 
lower eGFR categories such that at <60 mL/min/1.73 m2, 
worsening albuminuria had no effect on VTE risk.3 In 
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contrast, though our study showed higher rates of VTE in the 
lower eGFR and presence of albuminuria group, there was 
no independent effect of either presence of albuminuria or 
lower eGFR on the risk of VTE. This may due to our small 
sample size in a transplant population and low VTE event 
rate.

The higher rates of hemorrhage we found in recipients 
with lower eGFR and presence of albuminuria could be due 
to underlying anticoagulant use. Diabetes mellitus and 
peripheral vascular disease were also higher in this group, 
which could indicate higher antiplatelet use, increasing their 
overall hemorrhage risk. However, myocardial infarction, 

coronary revascularization, stroke or transient ischemic 
attack, and atrial fibrillation, which are common indications 
for antiplatelet or anticoagulant use, were not significantly 
different between the groups. The higher rates of VTE in 
recipients with lower eGFR and presence of albuminuria 
may be due to the development of a hypercoagulable state 
post-transplant, such as nephrotic syndrome. The majority of 
VTE were de novo with no prior history of VTE. Therefore, 
it is less likely to be due to a pre-existing hypercoagulable 
disorder and unlikely to be related to the transplant surgery 
as we followed patients starting from their 1 year post-trans-
plant anniversary date.

Table 3. Rates of Venous Thromboembolism by Level of eGFR and Albuminuria in Kidney Transplant Recipients, Per 1000 Person-
Years.

eGFR

Albuminuria
Albuminuria (albumin-to-creatinine ratio,  

protein-to-creatinine ratio)

Overall Absence Presence Overall Absence Presence

≥ 45 mL/min/1.73 m2

 Events, n 39 23 16 23 9 14
 Patients, n 1,015 659 356 743 424 319
 Unadjusted 5.5 (3.5, 8.0) 5.2 (3.2, 7.4) 7.7 (4.4, 11.9) 6.0 (4.2, 7.9) 3.7 (1.6, 6.4) 7.9 (4.3, 12.6)
 Adjusteda 6.1 (4.1, 8.0) 5.2 (3.2, 7.3) 7.8 (4.4, 12.1) 5.5 (3.5, 7.9) 3.7 (1.6, 6.5) 7.9 (4.4, 12.4)
<45 mL/min/1.73 m2

 Events, n 18 8 10 11 3 8
 Patients, n 269 109 160 196 55 141
 Unadjusted 10.8 (4.9, 17.8) 11.2 (4.6, 21.5) 12.0 (5.6, 21.6) 11.6 (6.6, 18.0) 9.8 (0.0, 23.2) 11.2 (3.1, 20.0)
 Adjusteda 11.4 (6.5, 17.6) 10.9 (4.3, 20.2) 11.8 (5.4, 21.0) 10.7 (4.6, 17.8) 9.8 (0.0, 25.9) 11.1 (4.3, 20.8)

Note. Data are presented as rate (95% confidence interval). eGFR = estimated glomerular filtration rate.
aAdjusted for age and sex.

Figure 2. Cumulative incidence curves of hemorrhage by level of eGFR and albuminuria in kidney transplant recipients.
Note. eGFR = estimated glomerular filtration rate.



8 Canadian Journal of Kidney Health and Disease

The association of graft function and albuminuria with 
rates of hemorrhage and VTE is clinically important as this 
adds significant morbidity to kidney transplant recipients. 
Graft function and albuminuria at 1 year post-transplant is 
associated with mortality and graft loss, as well as cardiovas-
cular events and heart failure.11,12 In addition, post-transplant 
VTE is associated with a 4-fold increase in all-cause mortality 
and 2-fold increase in graft loss.2 Therefore, graft function and 
albuminuria at 1 year post-transplant can be helpful in evaluat-
ing kidney transplant recipients and their risk of post-trans-
plant hemorrhage and VTE. The mechanism for increased risk 
of hemorrhage and VTE in kidney disease is likely due to 
abnormalities of the complex interactions between uremic tox-
ins and changes in the endothelium with the coagulation cas-
cade and platelets.35 In kidney failure, there are disturbances in 
the composition of platelet α-granules that contain multiple 
proteins including von Willebrand factor (vWF), fibrinogen, 
and coagulation factors V and XIII.36,37 Oxidative stress and 
inflammation in kidney failure can affect platelet function, and 
uremic toxins appear to decrease glycoprotein Ib receptor for 
adhesion molecules on endothelial cells and interfere with the 
binding of vWF and fibrinogen to activated platelets.38 Anemia 
can also reduce platelet-vessel wall interaction through ade-
nosine diphosphate release and inactivation of prostacyclin 
and through decreased scavenging of nitric oxide by hemoglo-
bin.35 Prothrombotic and antithrombotic imbalances have 
been described in nephrotic syndrome where high albuminuria 
is present, and lower eGFR is associated with increased proco-
agulants and proinflammatory substances, such as factor VII, 
factor VIII, C-reactive protein, fibrinogen, interleukin, and 
D-dimer.3

Our study has several strengths. It is the first study in kid-
ney transplant recipients that describes the association of 
albuminuria and eGFR at 1 year post-transplant with the risk 
of post-transplant hemorrhage and VTE. It represents a large 
Canadian cohort of more than 1000 kidney transplant recipi-
ents followed over a 13-year period, using provincial, multi-
center data. It is clinically important as it builds on previous 
studies to help prognosticate health outcomes for kidney 
transplant recipients. The serum creatinine measurements 
used in our databases are standardized across provincial lab-
oratories, reducing interlaboratory variation in measure-
ments. We used only outpatient laboratory data and multiple 
measurements of serum creatinine and albuminuria, reduc-
ing the risk of misclassification. We performed sensitivity 
analyses using ACR and PCR only for albuminuria measure-
ments and showed similar findings. We also incorporated use 
of validated diagnostic codes to define comorbidities and 
outcomes.25,27-30,39-44

Our study does have some limitations. Due to the sample 
size, our study was underpowered to conduct a fully adjusted 
analysis. Although we did have information regarding rele-
vant comorbidities, we did not have complete medication 
information such as anticoagulants, antiplatelets, and hor-
mone therapies. Other risk factors for VTE such as obesity, 
smoking, and hypercoagulable disorders were not captured in 
our datasets. We did not have other laboratory data such as 
serum albumin and lipid profile to correlate with the risk of 
VTE. We did not exclude recipients with recent hospitaliza-
tions or surgeries which could have increased their risk of 
VTE from immobilization or increased their risk of bleeding 
if the hospitalization was for thrombolysis or anticoagulation. 

Figure 3. Cumulative incidence curves of venous thromboembolism (VTE) by level of eGFR and albuminuria in kidney transplant recipients.
Note. eGFR = estimated glomerular filtration rate.
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There is also risk for survival and selection bias, as we 
included recipients with a functioning graft 1 year post-trans-
plant with at least one outpatient serum creatinine and albu-
minuria measurement. Therefore, our findings are limited to 
kidney transplant recipients who have survived to 1 year post-
transplant. Finally, as it is a retrospective study, there is risk of 
confounding variables that we were not able to account for.

Conclusions

In a Canadian cohort of 1284 adult kidney transplant recipient, 
lower eGFR and presence of albuminuria at 1 year post-trans-
plant were associated with an over 2-fold increase in rates of 
hemorrhage and VTE. These results further add to known asso-
ciations with all-cause mortality, graft loss, and cardiovascular 
events in kidney transplant recipients. Thus, eGFR and albu-
minuria at 1 year post-transplant are important prognostic fac-
tors in determining risk of post-transplant hemorrhage and VTE. 
Future research, including complete medication data, would 
further delineate the effects of graft function and albuminuria on 
post-transplant hemorrhage and VTE, as well as provide infor-
mation on medication safety in transplant recipients.
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