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ABSTRACT
In the United States, chronic peritoneal dialysis take-on has declined among incident ESRD patients.
Although increasing age, co-morbidity, and body size may explain part of this decline, other factors likely
contribute. Among incident ESRD patients in the United States, we found that peritoneal dialysis take-on
significantly decreased from 11% in 1996 to 1997 to 7% in 2002 to 2003 (P ⬍ 0.001 for the trend). This
decrease remained after adjusting for patient demographics, case-mix, and laboratory data, suggesting
the involvement of other factors. This decline in utilization occurred during a time of improving outcomes
for incident peritoneal dialysis patients, measured as reduced hazards for death or for the need to
transfer to hemodialysis. In contrast, among patients initially treated with hemodialysis, the 12-month
adjusted hazards for death or transfer to peritoneal dialysis slightly worsened or were unchanged over
this same period. Therefore, the decline in peritoneal dialysis take-on cannot be entirely explained by
increasing age, co-morbidity and body size of incident ESRD patients. The decline in utilization has
occurred at a time when the early outcomes of CPD patients have improved.
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In 2004, almost 336,000 patients were undergoing
maintenance dialysis in the United States at an annual cost of $32 billion.1 The annual Medicare costs
for patients undergoing chronic peritoneal dialysis
(CPD) was $19,000 lower than for patients undergoing maintenance hemodialysis (MHD), yet fewer
than 8% of prevalent dialysis patients were treated
with this modality.1 With the ESRD population
projected to exceed 700,000 patients by 2015, the
cost implications of decreasing CPD use are likely to
be exaggerated.2
The proportion of incident patients who have
ESRD and undergo CPD has progressively declined starting in 1985, a trend that has accelerated since 1995.3 Even though the determinants
of modality selection are largely nonmedical, attention has been drawn to two medical issues and
their potential relationship to modality selection.4 First, it has been argued that increasing age,
comorbidity, and body size among the incident
J Am Soc Nephrol 18: 2781–2788, 2007

ESRD population is responsible, at least in part,
for the decrease in CPD take-on. With an aging,
more obese, and sicker incident patient population, further decline in CPD use would be inevitable.5,6 Second, several studies have raised concerns that the outcomes among CPD patients
may be inferior to those of MHD patients.7–9 This
has led some to question the viability of CPD as a
renal replacement therapy (RRT). We undertook
this study to test two hypotheses: (1) The decline
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in CPD take-on in the United States is independent of the
change in age, comorbidity, and body size of the incident
patients with ESRD, and (2) the outcomes of CPD patients
have improved over time independent of the demographic
and clinical changes in the incident CPD population.

RESULTS
Patient Characteristics

The 8-yr study period was divided into four cohort periods: period 1 (P1), 1996 to 1997; period 2 (P2), 1998 to 1999; period 3
(P3), 2000 to 2001; and period 4 (P4), 2002 to 2003. During the
8-yr period, there were a total of 670,875 adult incident patients
with ESRD. The characteristics of the patients over the four study

periods are summarized in Table 1. Given the large number of
patients in each cohort, all of the trends over time were highly
significant (P ⬍ 0.001). Over the four study periods (P1 through
P4), the average age of the patients increased by 1.5 yr, and there
was a gradual increase in the proportion of Hispanic patients as
well as those who were retired at the time of start of ESRD therapy
(Table 1). There was a small but consistent increase in the proportion of patients with hypertension as the underlying cause of
ESRD and the proportion with preexisting ischemic heart disease
but a decrease in the proportion of patients with preexisting congestive heart failure or history of myocardial infarction (Table 1).
Over the four study periods, the mean body mass index (BMI) of
the incident patients with ESRD increased by 2.0 kg/m2 (Table 1).
Of the 670,875 incident patients, 606,777 were undergoing
maintenance dialysis on day 90. The proportion of patients

Table 1. Characteristics of incident patients with ESRD in the four study periods
Characteristic

P1 (1996 to 1997)

No. of patients (N ⫽ 670,875)
138,986
Age (yr)
61.7 ⫾ 15.2
Gender (% male)
53.8
Race (%)
white
64.1
black
30.0
Asian
3.2
other
2.7
Hispanic ethnicity (%)
11.2
Employment status (%)
unemployed
18.1
employed
18.0
homemaker
6.7
retired
56.3
other/unspecified
0.9
Primary cause of ESRD (%)
diabetes
45.0
hypertension
23.5
other
31.5
Selected coexisting conditions or risk factors (%)
congestive heart failure
34.2
ischemic heart disease
24.3
myocardial infarction
9.3
tobacco use (current smoker)
5.7
inability to ambulate
4.5
inability to transfer
1.6
Weight (kg)
69.9 ⫾ 20.0
25.5 ⫾ 6.5
BMI (kg/m2)
Predialysis erythropoietin use (%)
23.9
Hemoglobin (g/dl)
9.4 ⫾ 1.8
Serum albumin (g/dl)
3.2 ⫾ 0.7
Serum creatinine (mg/dl)
8.3 ⫾ 3.8
GFR
8.0 ⫾ 4.2
Status on day 90 (%)
in-center hemodialysis
79.4
peritoneal dialysis
10.9
dead
7.6
transplant
.7
lost to follow-up/unknown
1.4
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P2 (1998 to 1999)

P3 (2000 to 2001)

P4 (2002 to 2003)

161,577
62.3 ⫾ 15.3
53.8

178,772
62.7 ⫾ 15.3
53.5

191,540
63.2 ⫾ 15.3
54.2

64.3
29.7
3.4
2.6
11.4

65.0
28.8
3.5
2.7
12.8

64.6
29.0
3.6
2.8
12.9

16.7
17.8
6.1
58.5
0.9

16.7
17.7
5.8
58.9
0.9

16.4
16.7
5.3
60.8
0.9

45.5
23.9
30.6

46.0
24.3
29.7

45.5
25.5
29.0

32.9
24.5
9.1
5.1
4.0
1.4
72.1 ⫾ 20.2
26.2 ⫾ 6.7
26.9
9.6 ⫾ 1.7
3.2 ⫾ 0.7
7.8 ⫾ 3.7
8.8 ⫾ 4.7

32.6
25.3
9.2
5.0
4.0
1.5
75.9 ⫾ 19.8
27.1 ⫾ 6.8
30.1
9.8 ⫾ 1.8
3.1 ⫾ 0.7
7.3 ⫾ 3.6
9.5 ⫾ 5.2

32.1
25.6
8.7
5.1
4.3
1.5
77.1 ⫾ 20.1
27.5 ⫾ 6.9
32.4
10.0 ⫾ 1.7
3.1 ⫾ 0.7
7.1 ⫾ 3.6
10.0 ⫾ 5.5

81.8
8.4
8.0
0.6
1.2

82.5
7.8
8.2
0.6
0.9

83.8
7.1
8.2
0.4
0.5
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undergoing CPD on day 90 progressively declined from 10.9%
during P1 to 7.1% during P4 (P ⬍ 0.001 for the trend).
Relationship of Age, Comorbidity, and Body Size to
CPD Take-on over Time

A progressive decrease in CPD take-on was observed in all
age groups of the incident patients over the four periods, in
patients with or without selected coexisting illnesses or risk
factors identified on Medical Evidence Form 2728 and each
of the four categories of BMI. The decrease in CPD take-on
with each of the four periods was confirmed on multivariate
analyses. Using P1 as the reference period and adjusting for
demographics, the odds ratio (95% confidence interval) for
patients starting CPD declined with each period: P2, 0.76
(0.74 to 0.78); P3, 0.70 (0.68 to 0.71); and P4, 0.64 (0.62 to
0.65). The odds ratios were attenuated on adjustment of
data further for case mix (P2, 0.77 [0.72 to 0.84]; P3, 0.46
[0.42 to 0.51]; and P4, 0.40 [0.36 to 0.44]) or for case mix
and laboratory data (P2, 0.77 [0.71 to 0.83]; P3, 0.46 [0.42 to
0.51]; and P4, 0.39 [0.35 to 0.43]; Figure 1). The concordance rate (c statistic) for the fully adjusted model was 0.74.
There was a significant interaction between BMI and CPD
take-on, such that the greatest decrease in CPD use occurred
in individuals with BMI ⬍19 kg/m2 (Table 2).
Twelve-Month Technique Survival of Incident Patients
with ESRD, by Modality, over Time

The change in the characteristics of incident MHD and CPD
patients over the four cohort periods is summarized in Tables
3 and 4, respectively. For both MHD and CPD patients, the
mean age and BMI of the patients increased as did the proportion of Hispanic patients and those who were retired at the
time of start of ESRD therapy, but there was a decrease in the
proportion of patients with preexisting congestive heart failure
or a history of myocardial infarction. Whereas the proportion
of incident MHD patients with preexisting ischemic heart dis-

Figure 1. Odds ratios (95% confidence intervals) for CPD
take-on for each of the four cohort periods. Using 1996 to 1997 as
the reference period and adjusting for demographics case mix
and laboratory data, the odds ratio for patients starting CPD were
as follows: 1998 to 1999, 0.77 (0.71 to 0.83); 2000 to 2001, 0.46
(0.42 to 0.51); and 2002 to 2003, 0.39 (0.35 to 0.43).
J Am Soc Nephrol 18: 2781–2788, 2007
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ease increased, the corresponding proportion among incident
CPD patients decreased.
The data on 12-mo technique survival was available on
542,690 (98.6%) of the 550,435 MHD patients; the breakdown
for individuals with missing data were as follows: P1, 2017
(1.8%); P2, 2040 (1.5%); P3, 2215 (1.5%); and P4, 1473
(0.9%). There was no significant change in the unadjusted
12-mo technique survival of the incident MHD patients over
the four cohort periods (Table 5). Similarly, using P1 as reference, there was slight worsening or no change in the adjusted
hazards for death or transfer to CPD in the subsequent periods
(Table 6, Figure 2A). The interactions of black race and retired
employment status with the period of study were statistically
significant, but subgroup analyses showed similar trends in
each group. These interactions, therefore, were not included in
the final model. Sensitivity analyses using only the observations with complete data for all observations (n ⫽ 314,764)
produced almost identical results (data not shown).
The data on 12-mo technique survival was available on
55,587 (98.8%) of the 56,242 CPD patients; the breakdown for
individuals with missing data were as follows: P1, 221 (1.5%);
P2, 169 (1.2%); P3, 186 (1.3%); and P4, 79 (0.6%). There was a
progressive improvement in the 12-mo technique survival of
the incident CPD patients over the four cohort periods, largely
as a result of reduction in mortality (Table 5). Using P1 as the
reference period, the hazards ratio for death or transfer to
MHD progressively decreased for each successive period (Table 6, Figure 2B). No significant interactions between demographics, case mix and laboratory variables, and period of
study for outcomes of CPD patients were identified. Sensitivity
analyses using only the observations with complete data for all
observations (n ⫽ 32,260) produced almost identical results
(data not shown).

DISCUSSION

To our knowledge, this first systematic analysis of the trends in
CPD take-on and outcomes of incident ESRD patients allows
us to make two important observations. First, the decline in
CPD use in the United States is independent of age, comorbidity burden, and body size of the incident ESRD population.
Second, the hazards for death or transfer to MHD among incident CPD patients early during the course of ESRD progressively declined during the 8-yr period starting in 1996. During
the same period, the outcomes for MHD patients remained
largely unchanged. Each of these two findings may have important implications for the future of CPD as a RRT in the
United States.
Studies suggest that 76 to 93% of incident patients do not
have any medical contraindications for CPD,10 –13 yet only 25
to 33% of patients starting maintenance dialysis in United
States are offered the choice of CPD, a probability unaffected
by presence of relative/absolute contraindications to the therapy.11,14 Limited education of trainees and relative inexperiPeritoneal Dialysis in the United States
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Table 2. Adjusted odds ratios for CPD take-on in subgroups, based on BMI, relative to 1996 to 1997 (P1)a
BMI (kg/m2)

P2 (1998 to
1999)

n

⬍19
19 to 24
25 to 29
ⱖ30

54,217
244,474
177,768
163,145

0.78
0.72
0.74
0.76

(0.71
(0.69
(0.71
(0.72

to
to
to
to

P3 (2000 to
2001)

0.84)
0.75)
0.78)
0.81)

0.51
0.71
0.73
0.76

(0.46
(0.68
(0.69
(0.72

to
to
to
to

P4 (2002 to
2003)

0.56)
0.74)
0.76)
0.80)

0.43
0.63
0.65
0.67

(0.39
(0.60
(0.62
(0.63

to
to
to
to

0.48)
0.66)
0.68)
0.70)

a

Analyses in each subgroup adjusted for age, gender, race, ethnicity, employment status, insurance status, ESRD network, cause of ESRD, coexisting conditions
or risk factors reported on Medical Evidence Form 2728, plasma hemoglobin, serum albumin, and estimated GFR.

Table 3. Patient characteristics for patients undergoing MHD on day 90 in the four study periods
Characteristic

P1 (1996 to 1997)

P2 (1998 to 1999)

No. of patients (N ⫽ 550,435)
110,402
Age (yr)
61.8 ⫾ 15.1
Gender (% male)
53.5
Race (%)
white
61.4
black
32.6
Asian
3.3
other
2.7
Hispanic ethnicity (%)
11.7
Employment status (%)
unemployed
19.2
employed
17.0
homemaker
6.7
retired
56.2
other/unspecified
0.9
Primary cause of ESRD (%)
diabetes
45.4
hypertension
24.3
other
30.3
Selected coexisting conditions or risk factors (%)
congestive heart failure
34.2
ischemic heart disease
23.7
myocardial infarction
8.9
tobacco use (current smoker)
5.7
inability to ambulate
4.3
inability to transfer
1.5
Weight (kg)
70.5 ⫾ 20.1
25.7 ⫾ 6.5
BMI (kg/m2)
Predialysis erythropoietin use (%)
22.8
Hemoglobin (g/dl)
9.4 ⫾ 1.7
Serum albumin (g/dl)
3.2 ⫾ 0.6
Serum creatinine (mg/dl)
8.4 ⫾ 3.8
GFR
7.9 ⫾ 4.0

ence of physicians in the care of CPD patients may partly, although not entirely, explain the historically low CPD take-on
in the United States.6,15 Furthermore, there has occurred a progressive decline in the use of CPD by incident patients with
ESRD.3 It has been suggested that it may be partly accounted
for by the aging incident population with a higher comorbidity
burden and larger body size.5,6 We systematically explored this
hypothesis in this study.
During the 8-yr period of the study, during which CPD
take-on decreased dramatically, the incident ESRD population in
the United States became older, and CPD take-on does progressively decrease with increasing age. However, our analyses show
2784
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132,118
62.1 ⫾ 15.1
53.6

P3 (2000 to 2001)
147,436
62.4 ⫾ 15.2
53.5

P4 (2002 to 2003)
160,479
62.9 ⫾ 15.2
54.2

62.0
31.9
3.5
2.6
11.8

63.0
30.6
3.6
2.8
13.3

62.8
30.6
3.6
3.0
13.4

17.6
17.2
6.1
58.3
0.8

17.5
17.1
5.9
58.6
0.9

17.2
16.2
5.3
60.5
0.9

46.0
24.3
29.7

46.7
24.6
28.7

46.3
25.7
28.0

32.6
24.0
8.8
5.1
3.7
1.2
72.6 ⫾ 20.3
26.4 ⫾ 6.8
25.9
9.6 ⫾ 1.7
3.1 ⫾ 0.7
7.9 ⫾ 3.8
8.6 ⫾ 4.6

32.3
24.9
8.8
5.1
3.7
1.3
76.2 ⫾ 19.9
27.2 ⫾ 6.8
29.2
9.8 ⫾ 1.7
3.1 ⫾ 0.7
7.5 ⫾ 3.7
9.3 ⫾ 5.1

31.9
25.2
8.5
5.2
4.0
1.3
77.4 ⫾ 20.3
27.6 ⫾ 7.0
31.6
9.9 ⫾ 1.7
3.1 ⫾ 0.7
7.2 ⫾ 3.6
9.9 ⫾ 5.4

that CPD take-on decreased in each age stratum examined, and
the decrease in CPD use was largely independent of the increasing
age of the patients. Moreover, there was no significant increase in
either the prevalence of diabetes or reported comorbidity on form
2728 among the incident ESRD population. This suggests that the
decrease in CPD use during this period may be unrelated to the
comorbidity burden of the patients starting RRT. Finally, even
though the BMI of the incident population increased, the decline
in CPD take-on was, paradoxically, inversely related to the body
size of the patients. Therefore, increasing prevalence of being
overweight or obese is also unlikely to be an important cause for
the decrease in CPD use.
J Am Soc Nephrol 18: 2781–2788, 2007
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Table 4. Patient characteristics for patients undergoing CPD on day 90 in the four study periods
Characteristic

P1 (1996 to 1997)

P2 (1998 to 1999)

P3 (2000 to 2001)

P4 (2002 to 2003)

13,636
56.5 ⫾ 15.0
54.2

13,928
56.9 ⫾ 15.3
53.5

13,555
57.6 ⫾ 15.1
54.1

73.7
20.5
3.5
2.4
10.5

73.4
19.9
4.2
2.6
11.6

71.5
21.0
4.8
2.7
11.8

12.9
33.1
6.3
46.0
1.7

12.9
33.6
6.0
45.9
1.6

12.8
32.4
5.5
47.6
1.7

47.0
19.1
33.8

46.2
19.5
34.3

45.7
21.3
32.9

22.9
20.1
8.0
5.9
1.4
0.4
71.0 ⫾ 20.8
26.1 ⫾ 6.4
38.2
10.1 ⫾ 0.6
3.4 ⫾ 0.6
7.7 ⫾ 3.3
8.6 ⫾ 4.4

21.8
20.2
8.0
5.8
1.2
0.3
77.5 ⫾ 18.6
27.4 ⫾ 6.1
43.9
10.4 ⫾ 1.8
3.4 ⫾ 0.6
7.3 ⫾ 3.3
9.3 ⫾ 4.9

20.4
19.8
6.9
5.7
1.2
0.4
78.7 ⫾ 18.8
27.7 ⫾ 6.1
48.1
10.6 ⫾ 1.7
3.5 ⫾ 0.6
7.0 ⫾ 3.1
9.7 ⫾ 4.8

No. of patients (N ⫽ 56,242)
15,123
Age (yr)
56.3 ⫾ 15.1
Gender (% male)
55.4
Race (%)
white
73.4
black
20.8
Asian
3.3
other
2.6
Hispanic ethnicity (%)
10.6
Employment status (%)
unemployed
13.7
employed
32.2
homemaker
6.6
retired
46.1
other/unspecified
1.5
Primary cause of ESRD (%)
diabetes
47.2
hypertension
18.0
other
34.9
Selected coexisting conditions or risk factors (%)
congestive heart failure
24.9
ischemic heart disease
20.6
myocardial infarction
8.3
tobacco use (current smoker)
6.2
inability to ambulate
1.7
inability to transfer
0.5
Weight (kg)
68.7 ⫾ 20.6
25.4 ⫾ 6.1
BMI (kg/m2)
Predialysis erythropoietin use (%)
32.5
Hemoglobin (g/dl)
9.8 ⫾ 1.8
Serum albumin (g/dl)
3.4 ⫾ 0.6
Serum creatinine (mg/dl)
8.3 ⫾ 3.5
GFR
7.8 ⫾ 3.9

The results of this study do not provide information on the
cause of the steep decrease in CPD take-on in the United States.
The decline occurred in every subgroup examined, and on multivariate analyses, each period of study was an independent predictor of CPD take-on. This suggests that the decline in CPD use
in the United States is a result of something more pervasive and
widespread in the system of delivery of dialysis therapy. The increasing dominance of chains, proliferation of MHD units without a parallel investment in CPD infrastructure, a higher use of
injectables among MHD patients and financial gains associated
with them, emphasis on small solute clearances as a measure of
“adequacy” during the 1990s, and publication of studies showing
poorer outcomes with CPD in some subgroups of patients have
been cited as potential reasons for this decline. However, none of
these hypotheses has been systematically investigated in this report, and these remain speculative.
This analysis also shows that this decline in CPD take-on
occurred at a time when the outcomes of incident CPD patients progressively improved whereas that of MHD patients
remained unchanged. In this study, we used a composite outcome of death or transfer to an alternative dialysis modality,
J Am Soc Nephrol 18: 2781–2788, 2007

because a change in dialysis modality is a significant morbidity
for patients with ESRD and is expensive for the health care
system. The US Renal Data System (USRDS) reports have indicated that the mortality of CPD patients during the first few
years of therapy is significantly lower than that of MHD patients, and this has further decreased.16 For CPD patients, the
probability of transfer to MHD, and for MHD patients, the
probability of death or transfer to CPD have remained largely
unchanged. However, the USRDS report does not account for
the change in the demographics and comorbidity burden of
the incident CPD population. As is apparent from our study,
the age and body size of the CPD patients increased in concert
with the incident dialysis population during the 8-yr period of
study, but the comorbidity burden decreased significantly. It is
possible that some of the apparent improvement in outcomes
was attributable to a healthier CPD cohort over time. However,
as our multivariate analyses show, the probability of reaching a
composite outcome of either death or transfer to MHD was
progressively and significantly lower during each of the 2-yr
periods between 2000 and 2003, when compared with outcomes for incident patients during 1996 to 1997. Our data are
Peritoneal Dialysis in the United States
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13,742
8889 (64.7%)
1037 (7.6%)
1721 (12.5%)
2095 (15.2%)
13,467
8558 (63.5%)
1011 (7.5%)
1664 (12.4%)
2234 (16.6%)
14,902
9358 (62.8%)
1082 (7.3%)
1891 (12.7%)
2571 (17.2%)
159,006
116,633 (73.4%)
3993 (2.5%)
2193 (1.4%)
36,187 (22.8%)
130,078
94,576 (72.7%)
3677 (2.8%)
1896 (1.5%)
29,929 (23.0%)
No. of patients
Still undergoing HD/CPD
Transplant
Transferred to CPD/HD
Died

108,385
79,268 (73.1%)
3058 (2.8%)
1914 (1.8%)
24,145 (22.3%)

145,221
104,982 (72.3%)
4084 (2.8%)
2165 (1.5%)
33,990 (23.5%)

P3 (2000 to
2001)
P2 (1998 to
1999)
P2 (1998 to
1999)

P3 (2000 to
2001)

P4 (2002 to
2003)

P1 (1996 to
1997)

Peritoneal Dialysis
Hemodialysis

P1 (1996 to
1997)
Parameter

Table 5. Unadjusted outcomes of incident hemodialysis and peritoneal dialysis patients during 12 mo of therapy, starting from day 90 of ESRD
2786

13,476
9055 (67.2%)
970 (7.2%)
1559 (11.6%)
1892 (14.0%)
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P4 (2002 to
2003)

CLINICAL RESEARCH

Journal of the American Society of Nephrology

also consistent with the report from the Baxter database
wherein the investigators reported a progressively lower probability of transfer of CPD patients to MHD during a 3-yr period of study (1999 to 2001).17 However, those data were adjusted only for age, gender, diabetic status, center size, calendar
year, and CPD modality. Our study extends the observations of
their study by using a composite outcome of death or transfer
to MHD and by a more extensive adjustment for demographics and comorbidity.
This study does not allow us to determine the causes for the
improvements in outcomes. During the period of study, there
was a progressive reduction in peritonitis rates, largely because
of a greater use of disconnect systems and use of exit-site antibiotic prophylaxis.18,19 In addition, the dosage of delivered dialysis progressively increased over time.20 Furthermore, many
more centers are using continuous quality improvement programs that may have led to these improvements. Finally, both
better outcomes and decreased take-on may be a result of more
stringent criteria used to select patients who embark on CPD
therapy in the United States; however, the role of these and
other changes in the improved outcomes remain speculative.
The study is not without its limitations. First, on the basis of
our analyses, we cannot exclude residual confounding, particularly because the coexisting conditions or risk factors may be
underreported on Medical Evidence form 2728.21 Moreover,
no information was available on the severity of the individual
coexisting conditions or risk factors. However, this problem is
likely to be randomly distributed over each of the four periods
of the study; therefore, it is unlikely to have biased results.
Second, our analyses were limited to a 12-mo period starting
from day 90 of ESRD. Some outcome studies have raised concern that the relative risk for death increases over time among
patients undergoing CPD.9 In light of our findings, it is important to examine the trends among patients with increasing
CPD vintage using more contemporary data. Third, the data
for several variables were incomplete. Our analyses on the entire cohort and in the subset of patients with no missing data
for any observation produced almost identical results, so the
missing data are unlikely to have biased our results.
In a national sample of the US ESRD population, the steep
declines in CPD use cannot be explained by the change in age or
disease burden or body size of the incident population. This decline in CPD use occurred at a time when the outcomes of CPD
patients during the first year progressively improved whereas that
of patients undergoing MHD remained unchanged.

CONCISE METHODS
Data Source
The data for this study were procured from the USRDS. The USRDS
Core CD containing information on all incident dialysis patients for
the period 1996 through 2003 was obtained and used for analyses. Of
the 687,903 adult (⬎18 yr) incident dialysis patients, the data on
17,028 were excluded for the following reasons to eliminate possible
J Am Soc Nephrol 18: 2781–2788, 2007
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Table 6. Adjusted outcomes of incident hemodialysis and peritoneal dialysis patients during 12 mo of therapy, starting from
day 90 of ESRDa
HR (95% CI) for Death or Transfer to Alternative Dialysis Modality, Adjusted for
Parameter
Incident hemodialysis
1998 to 1999 (versus 1996
2000 to 2001 (versus 1996
2002 to 2003 (versus 1996
Incident peritoneal dialysis
1998 to 1999 (versus 1996
2000 to 2001 (versus 1996
2002 to 2003 (versus 1996
a

Demographics

Demographics
and Case Mix

Demographics, Case Mix,
and Laboratory Variables

to 1997)
to 1997)
to 1997)

1.02 (1.00 to 1.03)
1.03 (1.02 to 1.05)
1.00 (0.98 to 1.01)

1.06 (1.04 to 1.08)
1.10 (1.09 to 1.12)
1.08 (1.06 to 1.10)

1.02 (1.00 to 1.04)
1.03 (1.01 to 1.05)
0.99 (0.98 to 1.01)

to 1997)
to 1997)
to 1997)

0.97 (0.93 to 1.01)
0.92 (0.88 to 0.96)
0.83 (0.79 to 0.87)

0.99 (0.95 to 1.04)
0.95 (0.91 to 0.99)
0.87 (0.83 to 0.91)

0.97 (0.93 to 1.02)
0.92 (0.88 to 0.96)
0.83 (0.79 to 0.87)

CI, confidence interval; HR, hazard ratio.

Definitions

Figure 2. (A) Hazards ratios (95% confidence intervals) for incident
MHD patients to either die or transfer to CPD during the first 12 mo.
Using 1996 to 1997 as the reference period and adjusting for demographics, case mix, and laboratory data, the hazards ratio for
patients starting MHD were as follows: 1998 to 1999, 1.02 (1.00 to
1.04); 2000 to 2001, 1.03 (1.01 to 1.05); and 2002 to 2003, 0.99 (0.98
to 1.01). (B) Hazards ratios for incident CPD patients to either die or
transfer to MHD during the first 12 mo. Using 1996 to 1997 as the
reference period and adjusting for demographics, case mix, and
laboratory data, the hazards ratio for patients starting CPD were as
follows: 1998 to 1999, 0.97 (0.93 to 1.02); 2000 to 2001, 0.92 (0.88
to 0.96); and 2002 to 2003, 0.83 (0.79 to 0.87).

errors arising from data entry: Age ⬎100 (n ⫽ 21), weight ⬍30 or
⬎150 kg (n ⫽ 16,207), and serum albumin ⬍0.5 or ⬎5.0 g/dl (n ⫽
824). The study protocol was reviewed and approved as exempt by the
institutional review board at Harbor-UCLA Medical Center.
J Am Soc Nephrol 18: 2781–2788, 2007

The dialysis modality 90 d after the first ever RRT and continuous treatment with that modality for at least 60 d (“60-d rule”) was considered to
be the initial dialysis modality.16 The causes of ESRD were grouped into
three categories: Diabetes, hypertension, or other. Presence/absence of
various coexisting conditions or risk factors was determined by using the
data reported on the Medical Evidence Form 2728. BMI was calculated
using the height and weight provided on form 2728. Estimated GFR was
calculated using the four-variable Modification of Diet in Renal Disease
equation using the data reported on form 2728.22
Two key measures were used for analyses. First, CPD take-on was
computed for each of the four cohort periods. CPD take-on was calculated as the proportion of incident dialysis patients undergoing any
form of CPD on day 90 of ESRD. Second, the 12-mo technique failure
for incident MHD and CPD patients during each of the four periods
was determined. The 12-mo period was used in this study so that the
outcome of patients who were incident in 1996 could be compared
with those in 2003; for patients who were incident in 2003, only
12-mo outcome data were available at the time of analysis. For MHD
patients, technique failure was defined as either death or transfer to
CPD and for CPD patients as either death or transfer to MHD during
a 12-mo period, starting day 90 of ESRD, after censoring for transplantation. Follow-up was censored on day 455 of ESRD for all patients when they were alive and undergoing RRT with the same dialysis modality as on day 90 of ESRD.

Statistical Analyses
Continuous data are expressed as means ⫾ SD and categorical data as
percentages. A dummy category, “missing,” was created for each variable
to account for missing observations. Furthermore, categorical variables
were created for age (⬍40, 40 to 50, 50 to 60, 60 to 70, and ⬎70 yr and
missing), BMI (⬍19. 19 to 24, 25 to 29, and ⱖ30 kg/m2 and missing),
plasma hemoglobin (⬍9.0, 9.0 to 10.0, 10.0 to 11.0, and ⬎11/0 g/dl and
missing), serum albumin (⬍3.0, 3.0 to 3.5, 3.5 to 4.0, and ⬎4.0 g/dl and
missing), and GFR (⬍7.0, 7.0 to 8.5, 8.5 to 10.0, 10.0 to 11.5, and ⬎11.5
ml/min per 1.73 m2 and missing). Sensitivity analyses were performed on
the subset of patients with complete data for all variables.
Multivariate logistic regression analyses were performed using data
for all of the incident patients during the 8-yr period to determine the
effect of cohort period on CPD take-on. Three different models were
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tested: Adjusted for demographics only (age, gender, race, ethnicity,
ESRD network, employment, and insurance status); demographics and
case mix (cause of ESRD, each of the coexisting conditions or risk factors
reported on form 2728, and BMI); and demographics, case mix, and
laboratory data (hemoglobin, serum albumin, and estimated GFR). For
formally testing for the effects of age, comorbidity, body size, and other
variables on CPD take-on, interactions between age, gender, race, ethnicity, employment and insurance status, and body size with period of study
were tested. For evaluation of the effect of comorbidity, interactions for
only the conditions with a prevalence of at least 15% in the study population were tested. The significant first-order interactions were included
only when the statistical significance persisted in the fully adjusted model.
Similar analyses were performed for technique failure for both incident
MHD and CPD patients, after censoring for transplantation. Interactions
were tested to determine the effect of age, comorbidity, and body size on
outcomes. Multivariate Cox proportional hazards regression analyses
were performed to determine the effect of cohort period on 12-mo technique survival. Three models were constructed: Adjusted for demographics only (age, gender, race, ethnicity, employment, and insurance
status); demographics and case mix; and demographics, case mix, and
laboratory data. The interactions of black race and retired employment
status with the period of study were statistically significant, but subgroup
analyses showed similar trends in each group. These interactions, therefore, were not included in the final model.
All analyses were performed using SAS 9.1 (Cary, NC). P ⬍ 0.05
was considered statistically significant.
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