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COMPARING MORTALITY RATES ON CAPD/CCPD AND HEMODIALYSIS
THE CANADIAN EXPERIENCE: FACT OR FICTION?

Douglas E. Schaubel,1 Howard I. Morrison,1 Stanley S.A. Fenton2

Laboratory Centre for Disease Control,1 Health Canada, Ottawa; Division of Nephrology, Department of Medicine,2 The

Toronto Hospital, University of Toronto, Toronto, Ontario, Canada

&lar; Objective: To compare mortality rates on hemodialysis
(HD) to rates on continuous ambulatory/cyclic peritoneal dialysis
(CAPD/CCPD), to contrast our results with those of other recent
investigations, and to discuss reasons for discrepancies.

&larr; Data Sources. Patient-specific data obtained from the
Canadian Organ Replacement Register on patients initiating renal
replacement therapy (RRT) between 1 January 1990 and 31
December 1995 (n = 14483). Recent mortality comparisons of
CAPD and HD.

&larr; Main Outcome Measures. Mortality rate ratio (RR) based
on "as-treated" (AT) analysis incorporating treatment modality
switches and adjusting for age, primary renal diagnosis, and
comorbid conditions using Poisson regression. Hazard ratios (HR)
were estimated using Cox regression and based on an "intent-to-
treat" (ITT) analysis wherein patients were classified based on
dialytic modality received on follow-up day 90.

&larr; Results: Adjusted mortality rates were significantly de-
creased on CAPD/CCPD relative to HD [RR = 0.73, 95%
confidence interval (Cl) = (0.69, 0.77)] based on the AT analysis.
Most of the protective effect of CAPD/CCPD was concentrated in
the first 2 years of follow-up post-RRT initiation. Based on the
ITT analysis, the estimated CAPD/ CCPD effect was greatly
reduced, with HR = 0.93 (0.87, 0.99).

&larr; Conclusions: We provide further evidence that CAPD/
CCPD is not an inferior dialytic modality to HD, particuarly in
the short term. Comparing mortality rates on CAPD/ CCPD and
HD is inherently difficult due to the potential for bias.
Discrepancies between our results and those of previous
investigations, and variahility in findings among previous studies,
relate to differencesin clinical and de

Correspondence to: S.S.A. Fenton, The Toronto Hospital-
General Division, 200 Elizabeth St., Toronto, Ontario, M5G 2C4
Canada

Received 4 March 1998; accepted 25 June 1998.

mographic setting, patient populations, study design, statistical
methods, and interaction between the dialytic modality effect and
various other covariables.

KEYWORDS: End-stage rena disease; mortality;
hemodialysis, as-treated anadysis; intent-totreat analysis, time-
dependency.

uring the 1980s, improvements in continuous am-

bulatory/cyclic peritoneal dialysis (CAPD/CCPD)
resulted in its widespread adoption worldwide. Because it is
less expensive, it has become a popular alternative to
hemodialysis (HD), particularly in the countries where
dialysis facilities are publicly funded. Accordingly, there
has been considerable interest in comparing patient
outcomes for the two dialysis modalities.

Comparing mortality rates for CAPD/CCPD and HD is
inherently problematic because patients sdected to each
modality may differ systematically in ways that affect their
survival probability. Since bias may result in the absence of
adjustment for such variables, comparisons are usually done
using a regression model with patient characteristics
included as covariables. The objectives of this report are to
compare adjusted mortality rates for patients on CAPD/
CCPD and HD based on Canadian data, and to offer further
insight regarding the discrepancies among studies
comparing the two modalities (1,2).

PATIENTSAND METHODS

Data were obtained from the Canadian Organ Re-
placement Register (CORR) at the Canadian Institute for

Health Information, which has registered all
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patients initiating therapy for end-stage renal disease
(ESRD) in Canada since 1981. Demographic information
was provided to the Register at the time of registration, and
clinical data were obtained through regular follow-up by all
83 Canadian rena centers (3). The study population
consisted of 14 483 ESRD patients initiating treatment in
Canada between 1 January 1990 and 31 December 1995 for
whom data were available on prediaysis comorbid
conditions (i.e., symptomatic angina, acute myocardial
infarction, pulmonary edema, cerebrovascular accident,
peripheral vascular disease, chronic obstructive lung
disease, malignancies, and any "other serious illnesses"
expected to greatly reduce 5-year survival probability, such
as HIV infection). Follow-up concluded on 31 December
1995.

An "as-treated" (AT) analysis was conducted in which
treatment modality switches were incorporated. Here, death
rates (i.e., ratio of deaths to person-time under observation)
for CAPD/CCPD and HD were contrasted while
simultaneously adjusting for age, followup time, primary
renal diagnosis, and predialysis comorbid conditions, using
Poisson regression (4). "Intent-to-treat" (ITT) models were
aso fitted using Cox regression (5) wherein patients were
classified based on the prevalent dialysis modality 90 days
postinitiation of therapy and censored upon transplantation.
These methods parallel those used in a recent investigation
using the CORR database (6).

RESULTS

As shown in Table 1, the patient mortality rate ratio
(RR) for CAPD/CCPD versus HD based on the AT analysis
was 0.73, with 95% confidence intervals (Cl) of 0.69 -0.77 ,
indicating that the CAPD/CCPD death
rate during 1990 1995 was 27% less than that of HD after
adjusting for age, primary renal diagnosis, follow-up time,
and pre dialysis comorbid conditions. The reduction in
mortality for patients on CAPD/ CCPD relative to HD held
within al patient subgroups defined by age and diabetes
status; the effect being statistically significant (p < 0.05) for
al patient subpopulations except diabetics aged &ge; 65.
However, the CAPD/CCPD effect was much less
pronounced when evaluated using the ITT nodel using Cox
regression, the improvement in mortality for CAPD/ CCPD
only reaching statistical significance among nondiabetics
aged & le; 64.

Follow-up time-window specific RRs for CAPD/ CCPD
relative to HD increased monotonically with time since
initiation of therapy (Figure 1), indicating that the reduction
in mortality associated with CAPD/ CCPD diminishes with
increasing follow-up. The improvement in mortality on
CAPD/CCPD faled to attain statistical significance for
follow-up time & ge; 24 months.

TABLE 1
Mortality Rate Ratios: CAPD/CCPD Relative to Hemo-
dialysis End-Stage Renal Disease Patients Initiating
Therapy During 1990 to 1995 in Canada

“As-treated” “Intent-to-treat”
analysis? analysis®
Patients RRP (95% CI) HRY (95% CI)
All patients 0.73 (0.69,0.77) 0.93 (0.87,0.99)

Nondiabetics <64 yr 0.53 (0.46, 0.60) 0.84 (0.73, 0.96)
Nondiabetics 265 yr 0.75 (0.65,0.86) 0.95 (0.86, 1.05)
Diabetics <64 yr 0.76 (0.65,0.83) 0.90 (0.82,1.10)
Diabetics > 65 yr 0.88 (0.75,1.04) 1.04 (0.87,1.24)

a Follow-up time on each ofHD and CAPD/CCPD was computed
for each patient within each age interval. Deaths were allocated
to the modality the patient was receiving

at the time of death. . )
b Rateratio, based on "as-treated” (AT) analysis, estimated

using Poisson regression and adjusted for age, primary rena
diagnosis, follow-up time, and predialysis comorbid

conditions. .
c Patients were classified based on prevalent therapy on

day 90 of follow-up and censored at trans;lgl antation.
d Hézard ratio, based on "intent-totreat" (ITT) anaysis,

estimated using Cox regression and adjusted for age, primary
renal diagnosis, and predialysis comorbid conditions.

DISCUSSION

We have demonstrated, using the Canadian Registry data, that
patientsinitiating rena replacement therapy (RRT) in Canada from
1990 to 1995 and sdected for CAPD/CCPD have a 27% decrease
in mortality when compared to patients selected for HD. This

1.5

1.25

0.75

05

RR (CAPD/CCPD vs. HD)

025

0 12 24 36 48 60

Follow-up time (months)

Figure 1 — Mortality rate ratios [RRs, CAPD/CCPD relative
to hemodialysis (HD)] by follow-up interval adjusted for
age, primary renal diagnosis, and comorbid conditions, and
estimated using Poisson regression. Follow-up time on each
of HD and CAPD/CCPD was computed for each patient
within each follow-up interval. Deaths were allocated to
the modality the patient was receiving at the time of death.
Each RR is plotted against the midpoint of the follow-up
interval to which it pertains.
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decrease in mortality is concentrated in the first 2 years of
RRT. This may be related to the removal of as yet
unidentified solutes by CAPD/CCPD plus the significant
residual renal function which has been shown to be present
during this time period (7). On the other hand, the
advantages may be related to the selection process practiced
by Canadian nephrologists within the limitations of the
publicly funded canadian health care system, which often
limits both the patient's and the nephrologist's choice of
modality.

The current study has a number of strengths seldom
observed in previous studies. Comorbidity data were
available for a nationwide, population-based, recently-
diagnosed patient cohort. Follow-up was completein that no
time on dialysis following RRT initiation was excluded.
Dates of treatment modality switches were known, enabling
accurate delineation of person-time and deaths during
receipt of CAPD/ CCPD and HD.

Limitations of our investigation, shared by most previous
studies, include lack of data on dialysis adequacy, patient
compliance, nutritional status, and comorbid condition
severity. Although these are important prognostic factors, it
is unclear whether they would differ systematicaly by
dialytic modality received and would, hence, bias our
results. Moreover, information on adequacy, compliance,
and nutrition would be difficult to incorporate into the
analysis (e.g., due to lack of consensus with respect to
quantification of dialysis adequacy).

Previous investigations comparing mortality while on
CAPD and HD have yielded inconsistent results. Results
from recent studies that adjusted for prognostic factors are
presented in Table 2. Previously reported mortality RRs for
CAPD relative to HD ranged from 0.73 (0.68, 0.78) (6) to
142 (1.31, 1.53) (17). Possible contributors to such
disparity include data quality, interaction, and differencesin
methods of analysis.

Comparison of CAPD and HD mortality is inherently
difficult due to the need to adjust for several prognostic
factors. As discussed by Nolph in a recent editorial (1),
results from different studies are highly variable due to
unavailability of sufficient data on the prevalence and/or
severity of comorbid conditions, dialysis adequacy, patient
compliance, nutritional status, and residua renal function.
Lack of data on at least one of these variables could
potentially lead to biased results. For example, ifHD
(relative to CAPD) patients are more likely to be
insufficiently nourished, and poor nutrition is a risk factor
for mortality, then a spurious association between increased
mortality and HD will occur in the absence of aljustment
for nutritional status.

However, lack of adjustment for such factors may not be
asimportant a source of bias as previously

assumed. Although such variables may be important
prognostic factors, the extent to which they differ sys-
tematically between CAPD and HD patients is not well
documented. Moreover, adjustment for them is much less
crucia in situations wherein data on highly correlated
variables are available. For example, suppose again that the
percent of patients with poor nutrition differs between
CAPD and HD patients. In addition, suppose that data are
available on compliance and that compliance and nutrition
display a strong positive correlation. In this case, the bias at-
tributable to not adjusting for nutritional status will be
greatly reduced upon adjustment for compliance. That is,
bias will not necessarily result from lack of adjustment for a
risk factor whose prevalence is notably unbalanced between
the two groups being compared. The variable must be
unbalanced conditional on all other variables for which
adjustment is made.

Further, regression models comparing CAPD and HD
mortality can produce misleading results when they contain
covariables that are either highly correlated, or relate
directly to dialytic modality (e.g., residua renal function),
or, as discussed by Wolfe and Strawderman (18), are on the
causal pathway between the exposure and end point of
interest (e.g., peritonitis). This is not to say that availability
of information on comorbidity (particularly severity),
dialysis adequacy, patient compliance, nutritional status, and
residual renal function would not enhance the value of a
study. However, the degree of bias in previous results due to
lack of adjustment for these variables may not be as
pronounced as currently assumed. As such, the
heterogeneity among RRs from different studies need not be
attributable to differing degrees ofbias resulting from
unavailability of data.

Another possibility is that, despite adjustment for
comorbidity, residual confounding occurs due to the
generally crude means by which patients are classified with
respect to concomitant illnesses (e.g., lack of information on
severity). However, for residua confounding to be
important, there needs to be strong confounding, with
sufficiently crude classification of variables, as to combine
individuals with very different risks. The present analysis
offers evidence against this. The RR unadjusted for
comorbidity (RR = 0.70, 95% CI = 0.66, 0.74) closely
approximated the comorbidity adjusted estimate, suggesting
either confounding was minor or a high degree of misclassi
fication of patients with respect to comorbidity. N
ondifferential misclassification of such proportionswould be
accompanied by comorbidity variables that could not predict
mortality. However, each of the comorbid conditions studied
were found to be highly significant independent predictors
of mortality (6). Thisis not to suggest that classification by
comorbidity is sufficiently accurate in studies comparing
CAPD/
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TABLE 2
Summary of Results Comparing Mortality on CAPD/CCPD versus Hemodialysis
Country Authors Year (Ref)  Sampling frame RR2 (95% CI)P
USA. Bloembergen et al. 1995 (8) National 1.19 p<0.001
Italy Maiorca et al. 1988 (9) Single-center 1.34 (0.44,4.12)
USA. Held et al. 1994 (10) National 0.84 p=0.25, nondiabetic
1.26 p=0.03, diabetic
Italy Maiorca et al. 1991 (11) Multicenter 1.24 —
USA. Serkes et al. 1990 (12) Multicenter 0.62 p=0.08, nondiabetics
0.90 —, diabetics
UK Burton and Walls 1987 (13) Single-center 0.77 —
Spain Gentil et al. 1992 (14) Multicenter 1.22 p=0.33
U.SA. Wolfe et al. 1990 (15) State-wide 0.98 -
Canada Fenton et al. 1997 (6) National 0.73 (0.69, 0.77)
Australia and New Zealand Disney 1995 (16) National 1.31 (1.17,1.46)
Italy Locatelli et al. 1995 (17) Regional 1.42 (1.31, 1.53)

2 Rate ratio for mortality on CAPD/CCPD versus hemodialysis.

b 95% confidence limits or p values are provided when available.

CCPD and HD mortality, or that residual confounding does
not exist, but that the suspected bias may be less important
than previously considered.

Another methodological issue may be the inappropriate
use of available data. Often, the set ofvariables for which
adjustment is to be made is selected prior to analysis.
Factors may be appropriately ddeted from the model if it is
found that their inclusion does not change the parameter
estimate for the variable of interest. However, although
automated variable selection algorithms (e.g., stepwise
regression) are suitable for the purposes of prediction, they
are not recommended when the purpose of the multivariate
analysis is inference. That is, inclusion of potential
confounders should not be based on their statistical
significance. Failing to adjust for a variable may produce a
great degree of bias even though the variable itself may not
significantly predict mortality because, unlike bias,
stetistical significance is a function of data volume. If
adjustment for a variable produces an important change in
the parameter of interest, and a plausible explanation for
bias exists in the absence of its adjustment, then inclusion of
that variable is necessary regardless of whether the variable
isstatistically significant.

Overall, since the above-listed issues in covariable
selection are not universally accepted or followed, part of
the discrepancy among studies comparing CAPD/ CCPD
and HD may relate to lack of adjustment for variables for
which datawere, in fact, available.

Discrepancy in results from studies comparing
CAPD/CCPD and HD mortality may result from dif ferences
in the means of classifying patients with respect to RRT. For
example, in the current investigation, results based on the
"as-treated" analysis were far less extreme than those based
on the "intent-to

treat” analysis. Treatment modality switches are in-
corporated into the AT analysis, but ignored in the ITT
analysis wherein patients are classified based on modality
received on follow-up day 90 and censored upon
transplantation. Based on the entire study population, both
the AT and ITT analyses detected a significant protective
mortality effect for CAPD/CCPD relative to HD, although
the effect was estimated to be much stronger based on the
AT relative to the ITT anaysis. Among patient
subpopulations, theAT failed to detect a statistically
significant advantage for CAPD/CCPD for only one
subgroup, while the ITT succeeded in detecting a significant
effect for only one subgroup. The attainment of gatistical
significance in the current (1990 -1995) ITT analysis, but
not our analysis based on 1990 1994 data (6), merely reflects
increased data volume.

The fact that the AT and ITT analyses employed
different statistical models [i.e., based on Poisson ( 4) and
Cox (5) regression, respectively] is not responsible for the
discrepancy in the results. Disparities in results generated by
the AT and ITT approaches derive from the means by which
patients are classfied by each, as discussed by Nelson et al.
(19) and Held et al. (10). When fitted, ITT Poisson models
generated results very similar to their corresponding Cox
models, while AT Cox models produced very similar results
to their Poisson analogs (data not shown). With respect to
incorporating modality switches, the Poisson model was
chosen over the Cox model for computational convenience.

As another illustration of the potential for statistical
methods themselves to influence results, consider a recent
investigation by Bloembergen et al. (8). This study featured
an analysisthat incompletely incorpo
rated modality switches, essentially a combination of
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