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patients in our study are deceased. A Bonferroni correction for mul-

tiple comparisons was applied to all P values. Because this provides

conservative estimates, some true predictors of WD may be missed.

Thus, the uncorrected 95% CI are reported, along with the corrected

P values, to permit readers to draw their own conclusions. All statis-

ticab analyses were performed with Statistical Analysis Software ver-

sion 6.10 for Windows NI (Cary, NC, 1995).

Results
Of the 1 16,829 patient deaths in the main analysis, 17.8%

were preceded by withdrawal. For patients 65 yr of age and

older at the onset of ESRD, 21 .6% withdrew before death. For

all patients under age 65 at death, 13.6% withdrew before

death. There were 2243 patients under the age of 65 who died

within the first 90 d of ESRD. Of these, 12.8% withdrew

before death. Because of potential reporting biases in these

patients, they were not considered further.

Table 1 shows the basic demographic characteristics of the

study populations. Table 2 shows the causes of death, primary

disease causing ESRD, treatment modality, and time on dial-

ysis (both means and distributions).

Table 3 shows the AOR with CI for the demographic van-

ables. In the main analysis, women had a 25% greater odds of

WD before death compared with men (AOR, 1.25; P < 0.001).

Both African-Americans and Asians were half as likely (AOR,

Table 3. Adjusted odds ratios for withdrawal from dialysis

before death by the demographic variables and by

age and onset of follow�upa

Category

Odds of Withdr awal before Death

All Agesb Age 65 and Older
(�90 d dialysis; (All deaths;

n 116,829) n 70,998)

Gender

male b.00(ref.) 1.00 (ref.)

female l.25e

(1.21 to 1.29)

l.24c

(l.2Oto 1.29)

Age at death� See Fig. 1 1 .03c

(1.025 to 1.032)

Ethnic group

Caucasian 1.00 (ref.) 1.00 (ref.)

African-American 0.49c

(0.47 to 0.5 1)

0.49c

(0.46 to 0.51)

Asian 0.52c

(0.45 to 0.60)

0.47’

(0.39 to 0.55)

Native American 0.93

(0.8 1 to 1 .07)

0.81

(0.66 to 0.99)

other/unknown 0.59c

(0.50 to 0.70)

0.59c

0.46 to 0.75)

a Adjustments are for the demographic categories, as well as for

cause of death, cause of ESRD, dialysis modality, and time on

dialysis. ref. , reference.
b Excludes ages under 18.

C p < 0.001 (Bonferroni-corrected).

d Factor per year of age using age as a continuous variable for

ages 65 and older.

0.49; P < 0.001) to withdraw from dialysis before death as

Caucasians (AOR, 0.52; P < 0.001). In contrast, Native Amer-

icans were only slightly less likely to withdraw when compared

with Caucasians, but this difference was not statistically sig-

nificant (AOR, 0.93; 95% CI, 0.81 to 1.07; P > 0.5).
Figure 1 shows the odds ratios for patients categorized by

age at death. After age 50, there is a progressive increase in the

odds of WD before death, reaching 2.69 (95% CI, 2.29 to 3. 16;

P < 0.001) for deaths occurring in patients over the age of 90.

In the analysis of deaths in all patients starting dialysis at the

age of 65 or older (Table 3), there was a 3% increase in the

odds of WD with each increase in year of age at death (AOR,

1.03; P < 0.001).

Figure 2 shows the AOR of WD by cause of death. Patients

dying of dementia are more than four times as likely to with-

draw from dialysis before death when compared with all deaths

(AOR, 4.39; 95% CI, 3.84 to 5.01; P < 0.001). Deaths from

hyperkabemia, cachexia, malignancy, and anoxic brain injury

are also more likely to be preceded by WD when compared

with all deaths. (Hyperkalemia is likely caused by rather than

a precipitant of WD.) Death from cardiac disease, on the other

hand, is three to five times less likely to be preceded by WD

(AOR, 0.35; 95% CI, 0.34 to 0.37; P < 0.001 for other cardiac

disease, and AOR, 0.21; 95% CI, 0.19 to 0.22; P < 0.001 for

coronary artery disease). Deaths from infection, stroke, and

“other” were also less likely to be preceded by WD. For all

patients over the age of 65, the odds of WD by cause of death

were similar (results not shown), except for hyperkalemia,

which had a higher AOR of 3.75 (95% CI, 3.38 to 4.15; P <

0.001) and anoxic brain injury, which was not significantly

different from the reference of all deaths (AOR, 1 .04; 95% CI,

0.90 to 1.22; P > 0.5).

The odds ratios of WD with CI by primary disease causing

ESRD are shown in Table 4. Patients with ESRD attributed to

diabetes had a 9% greater odds of WD before death when

compared with all causes of ESRD (AOR, 1 .09; P < 0.001),

whereas patients with hypertensive ESRD had an 8% lower

odds of WD before death (AOR, 0.92; P < 0.001 ). The odds

of WD for each of the other causes of ESRD were not signif-

icantly different when compared with the reference.

The AOR with CI for WD by dialysis modality are also

shown in Table 4. Patients who did their own HD, either at

home or in a dialysis center, had a 27% greater odds of WD

before death compared with patients receiving conventional

center HD (AOR, 1 .27; P < 0.003). For patients over the age

of 65 at the start of dialysis, there was a 44% greater odds of

WD before death if they did their own HD compared with

center HD (AOR, 1.44; P < 0.001). Overall, patients who did

peritoneal dialysis (PD), either continuous ambulatory or with

a cycler, were at no significantly different odds of WD com-

pared with those receiving center HD (AOR, 0.96; P > 0.2 for

the main analysis), but older patients on PD were less likely to

withdraw before death (AOR, 0.91 ; P < 0.02 for those 65 and

older).

There was a significant difference in the odds of withdrawal

depending on the length of time that a patient was on dialysis

before death. In the main analysis (Figure 3), there was a 22%
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Figure 1. Adjusted odds ratios (AOR) of withdrawal by age at death categories for patients over 1 8 yr of age and on dialysis for 90 d or longer.

The arbitrary reference age is 50 to 59.9 yr. Vertical bars indicate
tp < 0.001 (Bonferroni-corrected).

greater odds of WD in the first 3 to 6 mo (AOR, 1 .22; 95% CI,

1 . 15 to I .29; P < 0.001). The odds then decreased over the

subsequent time intervals to the 2- to 4-yr reference group.

There was no further significant decrease in the odds after that.

A different pattern emerged in the 65 and older age group, for

which there were data for the first 3 mo (Figure 4). In the first

month, the odds of withdrawal were almost half that of the

reference group (AOR, 0.58; 95% CI, 0.5 to 0.68; P < 0.00 1).

In the third month, they reached the highest point (AOR, 1.26;

95% CI, 1 . 15 to 1 .38; P < 0.001), then declined to the arbitrary

reference group.

Discussion
The new death notification form has allowed better quanti-

fication and analysis of patients who withdraw from dialysis

before death, because it separates WD from cause of death. The

sharp increase in the percentage of patients who withdrew from

dialysis (8.4% in 1993 [reference 5] to 17.6% in 1996 [refer-

ence 6]) is likely a reflection of a significant improvement in

the reporting of WD. In addition, there may also have been a

true increase in the percentage of patients who withdrew from

dialysis, because sicker patients are being accepted to dialysis

and physicians are becoming more comfortable with WD as an

option. Future longitudinal data using the new death notifica-

tion form will clarify this possible trend.

95% confidence intervals (CI). **� < 0.01 (Bonferroni-corrected);

We found that women had a 25% greater odds of WD before

death compared with men. In contrast, previous reports had

found no significant gender difference in the rates of WD

(2,3,8). We were not able to identify medical factors beyond

cause of ESRD and cause of death that would explain our

observed gender differences. Thus, the factors that are impor-

tant are likely societal forces, and they deserve further re-

search.

African-Americans and Asians are significantly less likely to

withdraw from dialysis before death compared with Cauca-

sians (AOR, 0.49 and 0.52, respectively), whereas Native

Americans are only slightly less likely to withdraw, and not

significantly so (AOR, 0.93). The decreased risk in African-

Americans (or increased risk in Caucasians) has been reported

previously (2,8,9). In contrast, Bleyer et al. , reporting the

results of a single center, found no difference in the rates of

withdrawal in African-Americans compared with Caucasians

(10). The proportion of WD before death in Asians and Native

Americans has only recently been reported by the U.S. Renal

Data System (6). These marked ethnic differences are likely

socioculturab in origin. A recent article showed that American

ESRD patients had a much higher rate of WD compared with

German or Japanese ESRD patients, supporting the cultural

basis for WD (11). WD in African-Americans has also been

reviewed recently in detail (12).
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Figure 2. AOR of withdrawal by cause of death for patients over 18 yr of age at death and on dialysis for 90 d or longer. The reference group

is all causes of death. The vertical axis scale is logarithmic. Vertical bars indicate 95% CI. **� < 0.01 (Bonferroni-corrected); tp < 0.001

(Bonferroni-corrected). Note that hyperkalemia is likely a consequence of withdrawal.

We have used the term “ethnic group” rather than “race” to

emphasize socioculturab over genetic factors (1 3, 14). Our eth-

nic groupings, however, are very broad, and likely obscure

important components, such as religion, economic status, and

education (formal and informal). Differences in the discussion

of advance directives have been shown to be related to ethnic

groups, both of the patient and the physician (15-20). Distrust

of Caucasian physicians by African-American patients may in

part explain differences in advance directives (21), but this has

been difficult to document in a formal setting (20).

We have shown that there is an increased risk of WD with

increasing age. This increase appears to start after age 50

(Figure 1 ). Numerous other reports on withdrawal have also

shown increased risk in older age groups (2,3,9,22-24). This

increase in WD is not unexpected, given that older ESRD
patients are more likely to have comorbid conditions that will

contribute to the decision to withdraw from dialysis, as re-

cently shown by Bajwa et al. (24).

Our results indicate that patients who die of more chronic

conditions, such as dementia, cachexia, or malignancy, are

much more likely to withdraw from dialysis before death.

Patients who die of more acute events, such as cardiac disease,

stroke, or infection, are much less likely to withdraw from

dialysis before death. The acute events probably lead to a

patient’s death before a decision to withdraw from dialysis is

made. Chronic conditions, on the other hand, allow the patient,

the patient’s family, or both, to come to terms with and make

a decision about WD. Furthermore, if an acute event such as a

cerebrovascular accident (CVA) leads to WD, it is possible that

the subsequent cause of death is not labeled as CVA. This

would lead to an undercount of withdrawal for more acute

cause of death categories.

Hyperkalemia is likely the result rather than the cause of

withdrawal, and is recorded as cause of death with an almost

threefold greater odds among those who had WD than those

without WD. Physicians may be reporting hyperkalemia as a

proxy for death by WD, instead of coding the underlying

condition as cause of death. The higher AOR of WD in the 65

and older age group (3.75) compared with the entire cohort

(2.86) is consistent with this practice, because the older age

group has a higher overall percentage of WD. Alternatively,

this cause of death may be listed for those patients who are

withdrawing without an underlying medical reason. Other pos-

sible diagnoses for these patients, from the 59 listed on the

death notification form, include cardiac arrhythmia, other

known cause, or unknown.

Kjelbstrand and colleagues have found that comorbid condi-

tions are more common in patients who withdraw from dialysis

(3,24). In the study by Mailloux et al. , cancer, malnutrition,

catabolism, and “dissatisfaction with life” were associated with

withdrawal (23). The association of comorbid conditions and

WD, however, may not be consistent (22.25).
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Table 4. Adjusted odds ratios for withdrawal from dialysis before death by cause of death, cause of ESRD, and dialysis

modality and by age and onset of folbow�upa

Category

Odds of Withdrawa 1 before Death

All Ages�’ Age 65 and Older
(�90 d dialysis; ii = 1 16,829) (All deaths; n = 70,998)

Cause of ESRD (ref. is all causes)

diabetes

hypertension

l.09�

(1 .05 to I . 14)

0.92c

0.99

(0.94 to 1.04)
094d

(0.89 to 0.96) (0.90 to 0.98)

glomerulonephritis 0.99 1.00

(0.95 to I .04) (0.95 to 1.07)

cystic kidney disease 1 . 1 1 1.04

(b.O2tol.21) (0.92tob.17)

other urologic disease 0.98 1.01

(0.93 to 1 .04) (0.94 to 1.09)

other 1.00

(0.96 to 1 .04)

1.00

(0.95 to 1.06)

Modality

center hemodiabysis 1 .00 (ref.) 1 .00 (ref.)

self/home hemodialysis 1 .27e 1 .44’�

peritoneal dialysis

(b.lltol.46)

0.96

(b.l9tol.74)
091d

uncertain/unknown

(0.91 to 1.00)

1 . 1 3d

(l.O4to 1.23)

(0.86 to 0.97)

1.04

(0.93to 1.16)

a Adjustments are for the categories, as well as for gender, age at death, ethnic group. and time on dialysis. Abbreviations as in Tables

2 and 3.
b Excludes ages under 18.

C p < 0.001 (Bonferroni-corrected).
d p < 0.05 (Bonferroni-corrected).

C p < 0.01 (Bonferroni-corrected).

Our findings that patients with diabetic ESRD are signifi-

cantly more likely to withdraw from dialysis before death

(AOR, I .09) is consistent with previous reports (2,3,9). Pa-

tients with hypertensive renal disease, on the other hand, are

significantly less likely to withdraw before death (AOR, 0.92).

In contrast to our finding in hypertensive renal failure, Port et

al. found a higher risk of withdrawal when comparing hyper-

tensive renal disease with glomerulonephnitis (2). These dif-

ferences may be explained by the different reference groups

and by the use of cause-specific death rates. Our finding of a

lower odds of withdrawal for hypertensive ESRD cannot be

explained by the association of African-Americans and hyper-

tensive ESRD, because the logistic model controlled for ethnic

group.

We found that patients who do their own HD are more likely

to withdraw from dialysis before death compared with those on

in-center HD (AOR, 1 .27). Previous reports have shown an

increased (26), unchanged (3), or decreased (23) risk of WD in

home HD patients. Reports on PD patients have shown either

an increased risk (3) or an increased risk in diabetics only (27).

(Nondiabetics on PD had no significantly different risk of WD

compared with those on HD in this study.) The increased risk

of WD seen in the self-administered HD patients may relate to
two factors. First, these patients are self-selected for their

independence and ability to perform a relatively complex med-

icab procedure. Second, they may feel more in control of their

medical condition, and therefore more comfortable in making

a decision to withdraw from dialysis. Alternatively, the stress

of having to do a complex medical procedure may drive them

to withdraw at a higher rate. Further prospective studies are

needed to evaluate these and other hypotheses regarding the

role of dialysis modality.

Differences in WD risk by modality across studies may

relate to several factors. First, previous studies have reported

WD as a cause of death, whereas this study reports WD before
death. Second, this study reports risks as AOR and is thus a

comparison of percentages of patients who withdraw from

dialysis among all deaths. In comparison, other studies have

compared withdrawal rates among all patients at risk. Because

all patients in our study were deceased, we could not calculate

death rates or withdrawal rates. Different rates of WD between

two groups can have similar odds of WD if the rates of death

are different.

We have shown that for patients surviving the first 90 d of
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ESRD (the main analysis). the odds of WD are highest in the

early time periods. The subanalysis of patients 65 and older, ftr

whom data about deaths are available within the first 3 mu.

extends this finding to document the highest risk during the

third month of dialysis. However, a different pattern emerges

in the first 2 IflO. with the lowest observed risk in the first

month. Oniy two previous reports have commented on the risk

of withdrawal in relation to the duration of ESRD; neither

found a significant relationship (2.23). The early peak in with-

drawal in our study. best seen in patients 65 and older (Figure

4). may reflect the practice of liberal acceptance and liberal

withdrawal policies f�r patients in whom the treatment is of

unclear benefit: that is. a trial of dialysis. Death after with-

druwal f�llowing an adequate trial of dialysis would generally

not occur in the first month because of the lag in death after

WD. Our data do not allow calculation of time to death after

withdrawal, but previous studies have reported the average

time from withdrawal to death as 8 to 10 d. with a range of up

to I mu (3,25). Our results are consistent with the interpretation

that the early peak reflects a trial of dialysis.

As in many epidemiologic studies. a major limitation in this

study is the quality of underlying reports. The amount of detail

for each patient is dependent on the physician who completes

the ESRD forms. There may he errors in reported cause of

death and cause of ESRD. It is well known that physicians are

often inaccurate in filling out cause ofdeath firms (28.29). The

new. expanded death notif’ication l�rm should help to improve

the reporting accuracy for both withdrawal and cause of death.

Even so. it is likely more difficult to identify a cause of death

for those patients who withdraw without a moribund condition

than those with one. The primary disease causing ESRI) is

likely to have some inaccuracy. because the diagnosis is often

made without a pathologic specimen (30.3 1 ). In addition. there

are physician biases in diagnosing the causes of’ ESRI) (32).

Nonselective misclassification would cause our results to un-

derestimate the true AOR. Selective misclassification of pri-

mary cause of’ ESRD in African-Americans n�ay cause an

unpredictable bias in our AOR estimates by cause ol� ESRD.

but would not afl�ct the remainder of our results.

Si�i�iniarv
This study provides new insights into the issue of dialysis

withdrawal. We have shown that demographic and medical

factors are associated with increased or decreased odds ol

withdrawal. Because this analysis does not explain the oh-

served gender or ethnic differences from a medical standpoint.

we propose that these differences are likely related to socio-

cultural factors. The increasing odds seen with older ages is

probably related to an associated increase in coniorhid condi-

tions. Our finding that deaths caused by chronic, progressive

disease have a higher odds of being preceded by withdrawal

than deaths caused by more acute events is quite plausible.
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We are not abbe to determine whether one group has too high

or too low a rate of withdrawal compared with the other. One

could argue that WD represents a failure of dialysis, and should

therefore be minimized. Those patients dying from hyperkale-

mia and cachexia may in part represent patients for whom

dialysis was a failure. It is those patients for whom we should

strive to improve dialysis to prevent the suffering that leads to

a decision to withdraw. On the other hand, if one aims not to

exclude patients from dialysis therapy. leading to a high ac-

ceptance rate, then one must also accept a high withdrawal rate.

Acceptance of patients for whom dialysis may be of marginal

benefit should be encouraged. but the option to withdraw must

be available when there is no improvement in their condition.

This opinion has been stated previously (33,34). Accurate

prospective identification of high-risk ESRD patients who

would not benefit from dialysis may be possible with future

research; recent attempts at prediction have not been successful

(35). The National Kidney Foundation has published guide-
lines for initiating and withdrawing dialysis (36). Except for

three very narrowly defined patient groups, the general recom-

mendation is for at least a trial of dialysis. The three patient

groups for whom withholding dialysis is recommended are

those in a persistent vegetative state; those with a severe and

irreversible mental disorder who are unable to react to or

interact with their environment; and those with a prognosis less

than 60 d from a primary nonrenal disease. Nonetheless. these

guidelines are explicit in stating that the decision to initiate or

withdraw dialysis is patient-specific and that it is unethical to

use mandatory standards in these decisions. To paraphrase Dr.

Carl Kjellstrand from his lectures, it is better to stop dialysis

than not to start dialysis. Much more needs to be learned about

the spectrum of withdrawal, ranging from the failure of therapy

to the success of patient independence.
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