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ABSTRACT
Several comparisons of peritoneal dialysis (PD) and hemodialysis (HD) in incident patients with ESRD
demonstrate superior survival in PD-treated patients within the first 1 to 2 years. These survival
differences may be due to higher HD-related mortality as a result of high rates of incident central venous
catheter (CVC) use or due to an initial survival advantage conferred by PD. We compared the survival of
incident PD patients with those who initiated HD with a CVC (HD-CVC) or with a functional arteriovenous
fistula or arteriovenous graft (HD-AVF/AVG). We used multivariable piece-wise exponential nonpropor-
tional and proportional hazards models to evaluate early (1 year) mortality as well as overall mortality
during the period of observation using an intention-to-treat approach. We identified 40,526 incident
adult dialysis patients from the Canadian Organ Replacement Register (2001 to 2008). Compared with
the 7412 PD patients, 1-year mortality was similar for the 6663 HD-AVF/AVG patients but was 80%
higher for the 24,437 HD-CVC patients (adjusted HR, 1.8; 95% confidence intervals [CI], 1.6 to 1.9).
During the entire period of follow-up, HD-AVF/AVG patients had a lower risk for death, and HD-CVC
patients had a higher risk for death compared with patients on PD. In conclusion, the use of CVCs in
incident HD patients largely accounts for the early survival benefit seen with PD.
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The survival benefits of peritoneal dialysis (PD) ver-
sus hemodialysis (HD) in the treatment of patients
with end-stage renal disease continue to be debated.
In HD, vascular access type is significantly associ-
ated with patient survival. The use of a central ve-
nous catheter (CVC) is associated with a substan-
tially greater risk of sepsis, hospitalization, and
mortality when compared with the use of an arte-
riovenous fistula (AVF) or an arteriovenous graft
(AVG).1–5 This association may directly relate to
CVC-associated infectious and noninfectious com-
plications. However, the association may also be
confounded by case-mix differences between pa-
tients initiating HD with either a CVC (HD-CVC)

or an AVF/AVG (HD-AVF/AVG). These differ-
ences may include: the acuity of dialysis initiation,
the absence of timely access to predialysis care, the
presence of comorbid conditions, and surgical vas-
cular access eligibility, all of which may be indepen-
dently associated with patient survival.

Received November 12, 2010. Accepted February 3, 2011.

Published online ahead of print. Publication date available at
www.jasn.org.

Correspondence: Dr. Jeffrey Perl, Street Michael’s Hospital, 3-060
Shuter 30 Bond St., Toronto, Ontario M5B 1W8, Canada. Tel.:
416-864-6016; Fax: 416-864-3042; E-mail: Jeff.perl@utoronto.ca

Copyright © 2011 by the American Society of Nephrology

C
LI

N
IC

A
L

E
P

ID
E

M
IO

LO
G

Y

CLINICAL EPIDEMIOLOGY www.jasn.org

J Am Soc Nephrol 22: 1113–1121, 2011 ISSN : 1046-6673/2206-1113 1113



Case-mix differences between patients treated with PD and
HD have limited the interpretation of studies that have examined
the effect of dialysis modality on patient survival. Although several
observational studies have used robust statistical techniques to
account for confounding, none have accounted for the role of HD
vascular access at the time of dialysis initiation.6–16 We speculate
that compared with patients initiating HD with a CVC, patients
initiating HD with an AVF or an AVG are more likely to share
characteristics similar to those of incident PD patients. These fea-
tures include ambulatory initiation of dialysis, timely access to
predialysis care, and willingness to make decisions regarding dial-
ysis modality and vascular access choice. In this regard, patients
starting HD with an AVF or AVG may serve as more appropriate
comparators for PD patients. In this report, our objective was to
use data from the Canadian Organ Replacement Register (CORR)
to compare survival between PD and HD patients with the latter
stratified by HD vascular access type at dialysis initiation. We also
sought to test our hypothesis that the early relative survival bene-
fits attributed to PD are attenuated when compared with HD that
is initiated with a functioning AVF or AVG.

RESULTS

Baseline Characteristics
40,526 incident chronic dialysis patients were registered in
CORR between 2001 and 2008. Over 95% (n � 38,512) of
patients had documentation of both dialysis modality and in-
cident HD vascular access. Among these patients, PD was the
initial dialysis modality for 19% (n � 7412). Among HD pa-
tients, 21.4% (n � 6 663) initiated dialysis with an AVF or
AVG, whereas the remainder initiated HD with a CVC.

Table 1 lists the baseline characteristics of the study popu-
lation. Over the course of the study period, there was a trend
toward increased CVC use (P � 0.0001) and decreased PD
utilization (P � 0.02). Compared with PD patients, HD-CVC
patients were more likely to be older; to be Caucasian; to have
a higher frequency of diabetes mellitus, coronary artery dis-
ease, and peripheral vascular disease; and to have a history of
malignancy. Compared with PD patients, HD-CVC patients
were also more likely to be referred late to a nephrologist
(49.7% versus 15.2%) and initiate dialysis with lower hemoglo-
bin, serum albumin, and estimated GFR (eGFR).

Compared with PD patients, HD-AVF/AVG patients were
more likely to be older and Caucasian and have more extensive
comorbidity. HD-AVF/AVG and PD patients initiated dialysis
with similar levels of serum hemoglobin, serum albumin, and
eGFR, but HD-AVF/AVG patients were less likely to be re-
ferred late to a nephrologist (3.6% versus 15.2%).

Patient Survival by Dialysis Modality and Hemodialysis
Vascular Access
15,327 patients died over the course of follow-up. Among the
11,369 who had available information regarding cause of
death, cardiovascular causes remained the most common

cause of death (40.6% PD, 32.3% HD-CVC, and 34.4% HD-
AVF/AVG), whereas the second most common cause was
death caused by infection (11.5% PD, 11.7% HD-CVC, and
11.5% HD-AVF/AVG). Table 2 summarizes the results from
the primary analysis. HD patients had higher adjusted 1-year
mortality compared with PD patients (adjusted hazard ratio
[AHR], 1.5; 95% CI, 1.4 to 1.7). When HD patients were strat-
ified by incident vascular access type, HD-CVC patients had a
higher unadjusted 1-year mortality (HR, 2.7; 95% CI, 2.4 to
2.9) and higher adjusted 1-year mortality (AHR, 1.8; 95% CI,
1.6 to 1.9) compared with PD patients. In contrast, 1-year mor-
tality risk was similar in HD-AVF/AVG patients compared
with PD patients (HR, 1.1; 95% CI, 1.0 to 1.3; and AHR, 0.9;
95% CI, 0.8 to 1.1). During the initial 5 years of follow-up,
cumulative mortality remained higher among HD-CVC pa-
tients (AHR, 1.2; 95% CI, 1.1 to 1.2) and lower among HD-
AVF/AVG patients, relative to PD patients (AHR, 0.80; 95%
CI, 0.8 to 0.9) (Figure 1). After the first year, HD-CVC patients
had a time-dependent mortality risk similar to that of PD pa-
tients. Over the entire course of follow-up, unadjusted cumu-
lative mortality was 31% (PD), 44.1% (HD-CVC), and 33.9%
(HD-AVF/AVG). During this time, mortality was greater in
HD-CVC patients (AHR, 1.2; 95% CI, 1.1 to 1.2), and risk of
death was lower in HD-AVF/AVG patients (AHR, 0.8; 95% CI,
0.8 to 0.9) relative to PD patients. Irrespective of vascular ac-
cess type, patients who started HD were less likely to receive a
kidney transplant over the course of follow-up compared with
those initiating PD (HD-CVC [AHR, 0.8; 95% CI, 0.8 to 0.9]
and HD-AVF/AVG [AHR, 0.9; 95% CI, 0.8 to 0.9]).

Sensitivity Analyses
Table 3 summarizes the results of the sensitivity analyses. Referral
timing, eGFR, and albumin were missing in 7, 9, and 15% of
patients, respectively. Imputation of values for these missing re-
sults did not appreciably change the direction and magnitude of
our results. Mortality within 90 days of dialysis initiation was
highest among HD-CVC patients (15.6% for HD-CVC, 6.1% for
HD-AVF/AVG, and 7.4% for PD; P � 0.001). After exclusion of
patients who died within 90 days of starting dialysis, the increased
1-year mortality risk persisted among HD-CVC-treated patients
relative to PD patients. Similar results were seen in the models that
excluded patients who were referred late and after censoring pa-
tients 60 days or more after a change in dialysis modality. Using
the inverse probability of treatment and censoring weighting
analysis led to similar results compared with the primary model.
The models used to derive the propensity score demonstrated
reasonable prediction efficiency with an area under the receiver
operating characteristic of 0.8 for HD-CVC versus PD and 0.7 for
HD-AVF/AFG versus PD.

Prespecified Interactions
Figure 2 demonstrates the results of the prespecified subgroup
analyses. A higher overall mortality risk was seen in HD-CVC-
treated patients relative to PD patients in those less than 65
years of age compared with those over the age of 65. Moreover,
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the era of dialysis initiation (2005 to 2008 versus 2001 to 2004)
modified survival comparisons only between HD-CVC- and
PD-treated patients but not between HD-AVF/AVG- and PD-
treated patients. In this regard, even lower survival in HD-
CVC-treated patients was seen relative to PD patients in the
more contemporary era compared with the prior era. Diabetes
as a cause of ESRD modified the relationship between HD-
CVC and HD-AVF/AVG and PD (Table 4). The mortality risk
of diabetic HD-CVC patients relative to diabetic PD patients
(AHR, 1.0; 95% CI, 0.9 to 1.1) was attenuated compared with
the relationship in nondiabetics (AHR, 1.3; 95% CI, 1.2 to 1.4).
Similarly, compared with HD-AVF/AVG patients without di-

abetes (AHR, 0.9; 95% CI, 0.8 to 1.0), diabetic HD-AVF/AVG
patients had a significantly lower risk of death compared with
diabetic PD patients (AHR, 0.8; 95% CI, 0.7 to 0.8). No signif-
icant interactions were seen between eGFR, Body mass index
(BMI), and dialysis modality.

DISCUSSION

In this registry-based, observational cohort study, we identi-
fied the important influence of HD vascular access type on
survival comparisons between incident HD and PD patients.

Table 1. Baseline patient characteristics at dialysis initiation in Canada, 2001 to 2008

PD
(n � 7,412)

HD-AVF/AVG
(n � 6,663)

HD-CVC
(n � 24,437)

P

Era of dialysis initiation (%) �0.0001
2001 to 2004 19.7 18.1 62.3
2005 to 2008 18.9 16.6 64.6

Age (%)
18 to 44 years 15.4 9.5 11.0
45 to 54 years 16.7 12.5 11.1
55 to 64 years 22.6 20.2 19.4
65 to 74 years 25.2 29.1 26.9
75� years 20.0 28.6 31.5

Race (%) �0.0001
Caucasian 70.4 76.5 75.8
Asian 8.6 5.8 5.0
black 3.4 2.8 3.4
other 12.6 10.0 11.2
unknown 5.0 4.9 4.6

Female gender (%) 42.7 34.4 41.7
Primary renal diagnosis (%) �0.0001

glomerulonephritis 16.7 12.3 10.1
diabetes 36.2 38.4 35.4
renal vascular disease 17.2 20.2 20.1
polycystic kidney disease 6.9 7.7 2.2
other 11.8 11.2 18.5
unknown 11.2 10.2 13.7

Comorbidities (%)
diabetes mellitus 42.6 47.3 46.5 �0.0001
coronary artery diseasea 24.8 32.0 36.1 �0.0001
peripheral vascular disease 13.5 17.8 20.8 �0.0001
malignancy 7.4 10.6 12.6 �0.0001
lung disease 6.6 12.3 14.1 �0.0001
pulmonary edema 12.9 18.6 28.6 �0.0001
hypertension 85.4 86.6 80.1 �0.0001
current smoker 12.1 12.0 13.8 �0.0001

BMI (median, IQR) (kg/m2) 26.0 (22.9, 29.6) 27.1 (23.6, 31.6) 25.9 (22.6, 30.3) �0.0001
Late referral (%) 15.2 3.6 49.7 �0.0001
Time from referral to dialysis initiation

(median, IQR) (days)
637 (212, 1490) 851 (399, 1620) 188 (11, 784) �0.0001

Hemoglobin (g/L) 111 (101, 120) 108 (98, 119) 98 (87, 110) �0.0001
eGFR (ml/min per 1.73 m2) 9.1 (7.1, 11.9) 8.9 (7.0, 11.4) 8.6 (6.3, 11.8) �0.0001
Serum albumin (g/L) 36 (32, 40) 35 (32, 39) 31 (26, 36) �0.0001
IQR, interquartile range; eGFR, eGFR as determined by the modification of diet in renal disease formula.33

aCoronary artery disease was determined from the presence of a history of at least one of the following: coronary artery bypass grafting, previous myocardial
infarction, or previous angina.
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Patients starting HD using a CVC had a higher risk of death in
the first year compared with those who started PD, whereas
there was no difference in survival between HD-AVF/AVG and
PD patients. These relationships persisted over a 5-year fol-
low-up with a small survival benefit in the HD-AVF/AVG
group.

Our findings should prompt a reconsideration of conclu-
sions drawn from previous studies comparing HD and PD.
Large registry-based studies,7,9,14,16,17 including a previous
analysis of this Canadian registry,7 have demonstrated a sur-
vival advantage with PD over HD during the first 1 to 2 years of
therapy with similar or inferior survival thereafter. Greater rel-
ative preservation of residual kidney function with the use of
PD in the initial period after dialysis initiation has been cited as
a possible mechanism for this finding.18 However, we found
that vascular access type significantly modified this early sur-
vival benefit because it was only observed in PD patients when
compared with the subgroup of patients who initiated HD with
a CVC. This suggests that vascular access-related morbidity/
mortality and case-mix differences that coincide with HD vas-
cular access type are more likely to explain the higher early
mortality attributed to HD.

Higher 1-year mortality in incident HD patients compared
with PD patients has recently been reported by the Australian
and New Zealand Dialysis and Transplant (ANZDATA) regis-
try14 and by the United States Renal Data System (USRDS).16

These studies did not adjust for vascular access type. However,
in the USRDS study, 1-year survival was similar between HD-
and PD-treated patients, once deaths within the first 90 days of
dialysis initiation were excluded. Although the USRDS analysis
did not directly account for vascular access type, HD patients
who were successfully matched to PD patients had character-
istics that were likely associated with incident AVF/AVG use as
compared with their unmatched counterparts. In the United
States, initiatives such as Fistula First may have resulted in the
stabilization of prevalent and incident CVC use.19 In contrast,
Canada has one of the highest rates of CVC use among devel-
oped countries,20 and this may be contributing to early HD-
related mortality as CVC use continues to increase.

In addition to the direct effects of CVC use on morbidity
and mortality, initiation of HD with a CVC is a proxy for both
measured and unmeasured comorbid patient characteristics
that are associated with reduced survival among dialysis pa-
tients. HD-CVC patients were older, had a greater comorbidity

Table 2. Results of the piecewise proportional hazards model for the relationship between dialysis modality and death

Adjustedb

Time dependenta

HR [95% CI]

Univariate
Time dependenta

HR [95% CI]

Adjustedb

Time dependenta

HR [95% CI]

Adjustedb

Time averagec

HR [95% CI]

Overalld

PD 1.0 PD 1.0 1.0 1.0
HD 1.0 [1.0, 1.1] HD-CVC 1.7 [1.6, 1.7] 1.2 [1.1, 1.2] 1.2 [1.1 1.2]

HD-AVF/AVG 1.1 [1.0, 1.1] 0.8 [0.8, 0.9] 0.8 [0.8,0.9]
Year 1

PD 1.0 PD 1.0 1.0 1.0
HD 1.5 [1.4,1.7] HD-CVC 2.7 [2.4, 2.9] 1.8 [1.6, 1.9] 1.6 [1.5, 1.8]

HD-AVF/AVG 1.1 [1.0, 1.3] 0.9 [0.8, 1.1] 0.9 [0.8,1.1]
Year 2

PD 1.0 PD 1.0 1.0 1.0
HD 1.0 [0.9, 1.1] HD-CVC 1.5 [1.4, 1.6] 1.1 [1.0, 1.2] 1.4 [1.3, 1.5]

HD-AVF/AVG 0.9 [0.8, 1.0] 0.8 [0.7, 0.9] 0.8 [0.8,0.9]
Year 3

PD 1.0 PD 1.0 1.0 1.0
HD 0.8 [0.7, 0.9] HD-CVC 1.2 [1.1, 1.4] 0.9 [0.8, 1.0] 1.2 [1.2, 1.3]

HD-AVF/AVG 0.9 [0.8, 1.0] 0.7 [0.6, 0.8] 0.8 [0.7, 0.9]
Year 4

PD 1.0 PD 1.0 1.0 1.0
HD 0.8 [0.7,1.0] HD-CVC 1.3 [1.1, 1.5] 0.9 [0.8, 1.0] 1.2 [1.1, 1.2]

HD-AVF/AVG 1.1 [0.9, 1.3] 0.8 [0.7, 1.0] 0.8 [0.7,0.9]
Year 5

PD 1.0 PD 1.0 1.0 1.0
HD 0.8 [0.7, 0.9] HD-CVC 1.2 [1.1, 1.5] 0.9 [0.7, 1.0] 1.2 [1.1,1.2]

HD-AVF/AVG 1.1 [0.9, 1.3] 0.8 [0.7, 1.0] 0.8 [0.8,0.9]
aTime-dependent hazard ratios within each year were used to assess annual mortality risk.
bIntention to treat, adjusted for age, race, gender, era of dialysis initiation, end-stage renal disease comorbidity index, primary renal diagnosis, serum albumin,
estimated glomerular filtration rate, province of treatment, and late referral.
cTime-averaged hazard ratios from a proportional hazards model were used to assess the cumulative treatment effect from day 0 through the end of years 1 to
5, respectively.
dOverall model and time average models constructed using 29,647 subjects using proportional hazards model, remainder of time-dependent models using
nonproportional hazards model.
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profile, and had less exposure to predialysis care as compared
with PD and HD-AVF/AVG patients. Not surprisingly, pa-
tients initiating HD with a CVC were more likely to die within
90 days of dialysis initiation. Despite extensive and robust ad-
justment for case-mix differences, large unmeasured differ-
ences likely persist with respect to the severity of comorbidities
between CVC- and AVF/AVG-treated HD patients. This
would imply that AVF or AVG use at dialysis initiation would
be associated with healthier HD patients. Comparing incident
PD patients to HD patients who initiated dialysis with an AVF/
AVG offered a unique opportunity to assess the effect of dial-
ysis modality in a more homogeneous cohort of incident dial-
ysis patients. Both groups shared similar laboratory profiles
including similar serum albumin levels and fewer comorbidi-
ties relative to HD-CVC patients. With this analysis, we were
unable to demonstrate any early survival differences between

PD patients and HD-AVF/AVG patients
within the first year of dialysis. Perhaps
most importantly, the ability to commence
dialysis with PD or HD using an AVF or
AVG suggests that exposure to some form
of predialysis care is associated with im-
proved early survival, which was likely lack-
ing in many patients who started HD with a
CVC. Predialysis care is an important de-
terminant of survival and hospitalization,
particularly in the early ESRD period.21,22

After the first year of dialysis, we found
that HD-AVF/AVG patients had consis-
tently improved survival compared with
PD patients. This finding persisted even af-
ter accounting for the effect of a change in
modality in a sensitivity analysis that cen-
sored patients at the time of a change in
dialysis modality. Possible reasons may re-
late to unmeasured case-mix differences
between HD-AVF/AVG and PD patients,
which persisted despite extensive multi-
variable adjustment. It is possible that the
very ability to create an AVF or AVG is as-
sociated with favorable vascular health and
that the inability to create an AVF or AVG
may have been a factor in the selection of
PD for some patients.23 However, in our
cohort, HD-AVF/AVG patients had im-
proved survival despite being older and
having a higher burden of documented co-
morbidities as compared with PD patients.
Moreover, our findings remained robust to
several sensitivity analyses. It is also possi-
ble that survival differences between HD-
AVF/AVG patients and PD patients may be
due to the effects of informative censoring.
Both in this study and in others, higher
rates of kidney transplantation have been

observed among PD patients relative to HD patients.24,25 Al-
though patients were censored at the time of kidney transplan-
tation, selective removal of a population of transplant-eligible,
healthy patients from the PD cohort may have led to reduced
survival among the remaining PD patients, many of whom
may have been ineligible for transplantation. We partially ac-
counted for this bias by performing an inverse probability of
treatment and censoring weight analysis that exhibited little
deviation in either the direction or magnitude of the results
from our primary analysis.

Many studies have demonstrated that dialysis modality-
related survival is modified in particular subgroups of pa-
tients.8,10,14 –17,26 –28 In keeping with previous studies, we found
that PD was generally associated with more favorable out-
comes in patients �65 years old, those without diabetes, and
those without additional comorbidities7,14 –17,26. Temporal

Figure 1. Survival curves for HD-CVC (short-dashed line), HD-AVF/AVG (long-dashed
line), and PD (solid line) demonstrate higher 1-year mortality in HD-CVC patients.
(A) Unadjusted. (B) Adjusted on the basis of a stratified Cox proportional Hazards
model stratified by HD-CVC, PD, and HD-AVF/AVG and adjusted for age, race,
gender, era of dialysis initiation, end-stage renal disease comorbidity index, primary
renal diagnosis, serum albumin, eGFR, province of treatment, and late referral.
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trends toward improving survival in PD patients relative to HD
patients have been observed in several studies.25,29 Potential
reasons have included both technologic advances in PD con-
nectology, PD solutions, and favorable changes in PD-related
practices.29 In comparing two eras (2005 to 2008 versus 2001 to
2004), we found that the relative risk of death among HD-
CVC-treated patients compared with PD patients was higher
in the more recent era. In contrast, era did not modify survival
differences in comparisons between PD and HD-AVF/AVG
comparisons. We speculate that survival differences over time
between HD and PD patients in Canada reflect a more contem-
porary HD patient population characterized by both a higher
burden of comorbidities and higher rates of incident CVC use.

The study has several limitations. The major threat to valid-
ity is selection bias introduced by nonrandom allocation of
patients to both dialysis modality and incident HD vascular
access. Residual confounding may remain on the basis of un-
measured differences between patients that may influence
both incident vascular access and dialysis modality choice
while at the same time being associated with survival. Large
administrative datasets such as the one that we used are subject
to limitations arising from data validity and the availability of
data elements that may be germane to the research question

being posed. Comorbidities captured within CORR have been
recently validated30 and are therefore likely to offer reliable
information.31 Several data elements were incomplete. We
partially accounted for this by performing multiple data impu-
tation, which demonstrated little change in either the direction
or the effect size of our primary results. Changes in vascular
access type were not recorded. We were therefore unable to
perform as-treated analyses that accounted for: (1) vascular
access immediately after PD technique failure; (2) conversion
to a functional AVF or AVG among incident HD-CVC pa-
tients; and (3) vascular access failure among HD-AVF/AVG
patients. It is possible that the conversion to an AVF or AVG in
a subset of patients who initiated HD with a CVC may explain
the absence of a mortality difference between the HD-CVC
and PD patients after the second year of follow-up.

Notwithstanding these limitations, we have demon-
strated that incident HD vascular access type at the time of
dialysis initiation is an important modifier of the relation-
ship between dialysis modality and survival among incident
Canadian dialysis patients. These findings need to be con-
firmed among other patient populations where regional
practice patterns related to HD vascular access and dialysis
modality selection may vary. The adverse effects of starting

Table 3. Results of the sensitivity analysis, piecewise proportional hazards model for the relationship between dialysis
modality and death

Censored at 60 Days
after Modality Switcha

Modality at 90 Days
after Dialysis Initiationa

Multiple Imputation
of Missing Dataa,b IPTCWa,c Exclusion of

Late-referral Patientsa,d

Overall
PD 1.0 1.0 1.0 1.0 1.0
HD-CVC 1.2 (1.1, 1.2) 1.1 (1.0, 1.1) 1.2 (1.1, 1.2) 1.1 (1.0, 1.1) 1.1 (1.1, 1.2)
HD-AVF/AVG 0.8 (0.8, 0.9) 0.8 (0.7, 0.9) 0.8 (0.8, 0.9) 0.7 (0.6, 0.8) 0.8 (0.8, 0.9)

Year 1
PD 1.0 1.0 1.0 1.0 1.0
HD-CVC 1.8 (1.6, 2.0) 1.4 (1.3, 1.6) 1.8 (1.6, 1.9) 1.3 (1.1, 1.5) 1.6 (1.5, 1.8)
HD-AVF/AVG 1.0 (0.9, 1.2) 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.7 (0.6, 0.9) 1.0 (0.9, 1.1)

Year 2
PD 1.0 1.0 1.0 1.0 1.0
HD-CVC 1.1 (1.0, 1.3) 1.1 (1.0, 1.2) 1.0 (0.9, 1.1) 1.1 (1.0, 1.3) 1.0 (0.9, 1.2)
HD-AVF/AVG 0.9 (0.8, 1.0) 0.8 (0.7, 0.9) 0.7 (0.7, 0.8) 0.8 (0.6, 1.1) 0.8 (0.7, 0.9)

Year 3
PD 1.0 1.0 1.0 1.0 1.0
HD-CVC 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.9 (0.7, 1.0) 0.9 (0.8, 1.0)
HD-AVF/AVG 0.7 (0.6, 0.8) 0.7 (0.6, 0.8) 0.7 (0.6, 0.8) 0.5 (0.4, 0.7) 0.7 (0.6, 0.8)

Year 4
PD 1.0 1.0 1.0 1.0 1.0
HD-CVC 0.9 (0.7, 1.0) 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.9 (0.7, 1.1) 0.9 (0.8, 1.1)
HD-AVF/AVG 0.8 (0.6, 1.0) 0.8 (0.7, 0.9) 0.9 (0.7, 1.0) 0.8 (0.5, 1.2) 0.8 (0.7, 0.9)

Year 5
PD 1.0 1.0 1.0 1.0 1.0
HD-CVC 0.7 (0.6, 0.9) 0.8 (0.7, 1.0) 0.9 (0.7, 1.0) 1.0 (0.8, 1.3) 0.9 (0.8, 1.1)
HD-AVF/AVG 0.7 (0.6, 1.0) 0.8 (0.6, 1.0) 0.9 (0.7, 1.0) 0.9 (0.6, 1.4) 0.8 (0.6, 0.9)

IPTCW, inverse probability of treatment and censoring weighting.
aAdjusted for age, race, gender, era of dialysis initiation, end-stage renal disease comorbidity index, primary renal diagnosis, serum albumin, estimated
glomerular filtration rate, province of treatment, and late referral.
bAssuming monotone missing pattern, the predictive mean matching method was used to impute missing values.
cPairwise PD-HD(CVC) and PD-HD(AVF/AVG) propensity scores were used.
dExclusion of 11,076 HD-CVC, 1126 PD, and 240 HD-AVF/AVG patients who had 3 months or less of predialysis care by a nephrologist.
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HD with a CVC may have largely driven the relative survival
benefits that have been previously attributed to PD. Initia-
tion of HD with an optimal vascular access may be associ-
ated with reduced overall mortality as compared with initi-
ating dialysis with PD, but this observation requires
confirmation via further prospective studies. In a subset of
patients who would otherwise start HD with a CVC because
of late referral or ineligibility for a surgical vascular access or
who defer a dialysis modality choice or surgical vascular
access creation, PD offers the opportunity to avoid HD ini-
tiation with a CVC. In this regard, the adverse effects of
starting HD with a CVC may be largely driving the relative
survival benefits associated with PD.

CONCISE METHODS

Study Design
This is an observational study of consecutive adult patients (age, 18

years or older at the start of chronic dialysis) who registered in the

CORR and initiated their first form of dialysis between January 1,

2001 and December 31, 2008.

Data Source, Definitions, and Collection
Patients were identified from the CORR, a national registry that, dur-

ing the period studied, captured the incidence, prevalence, treatment

changes, and outcomes of over 99% of chronic dialysis and solid or-

gan transplant patients in Canada.31 The data were collected by com-

pletion of a registration form by the dialysis pro-

vider on each patient at dialysis initiation and

yearly thereafter. A change of status form is

completed to document patient death, trans-

plantation, or a switch in dialysis modality.

CORR data has recently been validated.30 We

restricted our analysis to patients with docu-

mented incident dialysis modality (PD versus

HD) and incident vascular access type reported

as an AVF, AVG, or CVC (any type). Only pa-

tients undergoing 3 to 5 hours of conventional

HD three times weekly were included in the pri-

Table 4. Results stratified by diabetes and era of dialysis initiation

Patient Subgroup

HD-CVC
versus PD

HD-AVF/AVG
versus PD

HR (95% CI) P HR (95% CI) P

Diabetes 1.0 (0.9, 1.1) 0.6 0.8 (0.7, 0.8) �0.0001
Nondiabetes 1.3 (1.2, 1.4) �0.0001 0.9 (0.8, 1.0) 0.04
Era 2001 to 2004 1.1 (1.0, 1.2) 0.02 0.8 (0.8, 0.9) �0.0001
Era 2005 to 2008 1.3 (1.2, 1.5) �0.0001 0.9 (0.8, 1.0) 0.02
The values are adjusted for age, race, gender, era of dialysis initiation, end-stage renal disease
comorbidity index, primary renal diagnosis, serum albumin, estimated glomerular filtration rate,
province of treatment, and late referral.

Figure 2. Hemodialysis vascular access affects the association between modality and survival in selected subgroups. *P value for
interaction (int). The models were adjusted for age, race, gender, era of dialysis initiation, ESRD comorbidity index, primary renal
diagnosis, serum albumin, estimated GFR, province of treatment and late referral.
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mary analysis. Because of the limited number of patients who initiated

HD with an AVG (n � 660), we combined AVF or AVG into one

category. All of the subtypes of PD (continuous ambulatory PD and

automated PD) were included. Three cohorts of incident patients

were established: PD, HD-CVC, and HD-AVF/AVG.

Baseline comorbidities were documented by the individual facilities

using the CORR registration forms. Information on the presence or ab-

sence of coronary artery disease (angina, myocardial infarction, and cor-

onary artery bypass surgery), peripheral vascular disease, hypertension,

diabetes mellitus, and cerebrovascular disease were categorized as “yes,”

“no,” and “unknown.” The unknowns were combined into the “no”

group. Diabetes was classified as a single variable including diabetes as a

comorbidity or a cause of end-stage renal disease. Current smokers

were documented as those having smoked in the last 3 months.

Late referral was defined as never having been seen by a nephrol-

ogist before dialysis initiation or first seeing a nephrologist within

3 months before starting dialysis. BMI was calculated using the

height and weight collected at the start of dialysis. Baseline labo-

ratory parameters included hemoglobin, serum albumin, and se-

rum creatinine measured as the value closest to but preceding the

initial dialysis treatment. eGFR was calculated using the four-

variable Modification of Diet in Renal Disease equation.32

Outcome
The primary outcome was mortality at 1 year from the time of first

dialysis. Secondary outcomes included overall mortality during the

study period and annual mortality risk within the first 5 years after

dialysis initiation. Annual mortality risk was assessed using time-de-

pendent hazard ratios within each year. Time-averaged hazard ratios

from a proportional hazards model were used to assess the cumulative

treatment effect from day 0 through the end of years 1 to 5, respec-

tively. Patients were censored at kidney transplantation, loss to fol-

low-up, or at the end of the observation period (December 31, 2008).

Statistical Analyses
Categorical variables were compared using the chi-squared test. The

Kruskal-Wallis test was used to analyze differences among continuous

variables. In the primary analysis, study subjects were analyzed in an

intention-to-treat manner, using complete-case analysis. Prespecified

interactions with the exposure of interest included age (�65 versus

�65 years), the presence or absence of diabetes, the presence or ab-

sence of any comorbidities, BMI (�29 kg/m2 versus �29 kg/m2),

eGFR above and below the median value (�10.5 ml/min per 1.73 m2

versus �10.5 ml/min per 1.73 m2), and era of dialysis initiation (2001

to 2004 versus 2005 to 2008).

Proportional and nonproportional piecewise exponential survival

models were used to compare mortality between PD, HD-CVC, and

HD-AVF/AVG patients within sequential 12-month intervals during

the first 60 months. Average or time-independent hazard ratios of

death for PD compared with HD-CVC and HD-AVF/AVG patients

were estimated using a proportional hazards model, whereas time-

dependent relative risks were estimated using a nonproportional haz-

ards model. Hazard ratios and corresponding 95% CI were adjusted

for case-mix differences in the cohorts including: age, gender, race,

cause of ESRD, weighting of comorbidities (diabetes mellitus, coro-

nary artery disease, peripheral vascular disease, malignancy, lung dis-

ease, and pulmonary edema) on the basis of a validated ESRD comor-

bidity index,33 body mass index, eGFR, serum albumin, late referral,

province of treatment, and era of dialysis initiation.

Several additional analyses were performed to test the robustness

of our findings. First, to account for the effect of missing data on our

results, an analysis was performed assigning values for missing data

via multiple data imputation using the predictive mean matching

method. This strategy has been used successfully in previous studies to

avoid exclusion of patients with missing values.34 An additional anal-

ysis excluded deaths that occurred after patients were established on a

new dialysis modality by censoring patients at 60 days after a change in

dialysis modality. To limit the potential for selection bias, an analysis

was performed excluding patients who died within 90 days of dialysis

initiation. In order to minimize confounding caused by the strong

association between late referral and CVC use, a separate analysis was

also performed excluding those patients who were referred late.

In addition to traditional multivariable adjustment, outcomes

were also compared using a marginal structural model with inverse

probability of treatment and censoring weighting. This technique25,35

allowed us to adjust for measured covariates in a single summary

propensity score and simultaneously adjust for the effect of informa-

tive censoring caused by potential differences in the rates of kidney

transplantation between PD patients compared with HD-AVF/AVG

and HD-CVC patients. In the first step, propensity scores (PS) were

determined as an estimate of each study subject’s probability of initial

PD treatment. Because our exposure of interest was not binary (i.e.

three levels: HD-CVC versus HD-AVF/AVG versus PD]), we used two

separate multivariable logistic regression models (PD versus HD-CVC

and PD versus HD-AVF/AVG) using all available covariates to calcu-

late our PS. The areas under receiver operating characteristic curves

were evaluated to test the discriminatory capacity of each model. In

the second step, we determined stabilized censoring weights by esti-

mating the probability of remaining transplant free for each individ-

ual in successive 1-year time intervals. Each observation was then

weighted both by the inverse probability of treatment with PD (1/PS)

for each individual and by the stabilized censoring weights. All of the

analyses were performed using SAS version 9.1.3 (Cary, NC).
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