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Abstract
Background: Many Canadian patients who receive hemodialysis live far from their attending nephrologist, which may affect clinical outcomes. We investigated whether patients receiving hemodialysis who live farther from their attending
nephrologist are more likely to die than those who live closer.
Methods: We studied a random sample of 18 722 patients who
began hemodialysis between 1990 and 2000 in Canada. We calculated the distance between each patient’s residence location
at the start of dialysis and the practice location of their attending nephrologist. We used Cox proportional hazards models to
examine the adjusted relation between distance and clinical
outcomes (death from all causes, infectious causes and cardiovascular causes) over a follow-up period of up to 14 years.
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Results: During the follow-up period (median 2.5 yr, interquartile range 1.0–4.7 yr), 11 582 (62%) patients died. Compared
with patients who lived within 50 km of their nephrologist, the
adjusted hazard ratio of death among those who lived
50.1–150 km away was 1.06 (95% confidence interval [CI]
1.01–1.12), 1.13 (95% CI 1.04–1.22) for those who lived
150.1–300 km away and 1.13 (95% CI 1.03–1.24) for those who
lived more than 300 km from their nephrologist ( p for
trend < 0.001). The risk of death from infectious causes increased with greater distance from the attending nephrologist
(p for trend < 0.001). The risk of death from cardiovascular
causes did not increase with distance from the attending
nephrologist (p for trend = 0.21). Compared with patients who
lived within 50 km of their nephrologist, the adjusted hazard ratio of death among those who lived more than 300 km away was
1.75 (95% CI 1.32–2.32) for infectious causes and 0.93 (95% CI
0.79– 1.09) for cardiovascular causes.
Conclusions: Mortality associated with hemodialysis was
greater among patients who lived farther from their attending nephrologist, as compared with those who lived closer.
This was especially evident for death from infectious causes.
Une version française de ce résumé est disponible à l’adresse
www.cmaj.ca/cgi/content/full/177/9/1039/DC1
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n Canada, no one is denied renal replacement therapy
because of their residence location; however, a substantial proportion of patients receiving dialysis live more
than 300 km from the closest nephrologist.1 Since this geographic barrier may make it more difficult to provide highquality renal care, it is plausible that disparities in access to
appropriate care may result in differences in health outcomes. Despite the potential implications for health policy,
this issue has not been formally studied.
We sought to examine this issue using data collected
prospectively from patients who began hemodialysis in
Canada between 1990 and 2000. We hypothesized that patients who lived farther away from their attending nephrologist would be more likely than patients who lived closer to die
after starting dialysis.

Methods
Study population and data sources
We conducted this study using data from the Canadian Organ
Replacement Register.2,3 Data are reported to the registry by
all dialysis providers in Canada and include demographic,
clinical and outcome data that are collected by use of a standardized instrument. The registry has been used to conduct
multiple clinical studies involving patients with kidney failure; however, it has never been formally validated.
We analyzed data from a random 75% sample of all patients who began dialysis in Canada between Jan. 1, 1990, and
Dec. 31, 2000. Detailed methods are available online (Appendix 1, www.cmaj.ca/cgi/content/full/177/9/1039/DC2). We calculated the distance between each patient’s residence location
and the practice location of their attending nephrologist. We
hypothesized a priori that the relation between distance and
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mortality may vary by dialytic modality; thus, we restricted our
analysis to data from patients receiving hemodialysis. Our
findings related to peritoneal dialysis, including outcomes
specific to this therapy (e.g., technique failure), have previously been reported.4
This study was approved by the health research ethics
board at the University of Alberta.

Exposures
Both the local physician supply and the socioeconomic attributes of a patient’s residence location may influence their access to health care;5 thus, we assessed these characteristics
for defined geographic regions. The Canadian census reports
data in geographic units termed census consolidated subdivisions, which constitute municipalities or their equivalents.
We used data from the Southam Medical Database to determine the population to physician ratio in each subdivision
during the year that dialysis was initiated for each patient.6
The population to physician ratio was calculated separately
for primary care physicians and for specialists. We estimated
socioeconomic status for participants using the neighbourhood income per person equivalent, which is a household
size-adjusted measure of household income.7
We used ArcGIS software (version 9.1, ESRI) to determine
the shortest distance by road between each patient’s residence at the time dialysis was started and the practice location of their attending nephrologist.8–10 We also classified residence location into the following regions:1 British Columbia
(includes the Yukon Territory), Alberta (includes the Northwest Territories), Saskatchewan, Manitoba (includes
Nunavut), Ontario, Quebec and the Atlantic provinces (includes New Brunswick, Nova Scotia, Prince Edward Island,
and Newfoundland and Labrador).

disease, peripheral vascular disease and malignant disease);
smoking status; and neighbourhood socioeconomic status.
We also adjusted for geographic region and residence location. We determined that the proportional hazard assumption was satisfied by examining plots of the log-negative-log
of the within-group survivorship probabilities versus logtime. We tested the robustness of our findings by performing
a variety of sensitivity analyses (Appendix 1, available online at
www.cmaj.ca/cgi/content/full/177/9/1039/DC2).
Demographic and clinical characteristics were described
by use of counts and percentages for categorical variables,
and by use of medians and interquartile ranges for continuous variables. Additionally, we used the χ 2 and the
Kruskal–Wallis tests where appropriate.

Results
Patient characteristics
We identified 26 808 patients aged 18 years or older who began dialysis between Jan. 1, 1990, and Dec. 31, 2000. Of
these, 18 722 (69.8%) received hemodialysis and were included in our study. At the start of dialysis, 13 818 (74%) of
patients lived within 50 km of their attending nephrologist,
1235 (6.6%) lived within 150.1–300 km and 882 (4.7%) lived
more than 300 km away from their nephrologist. Patients
who lived farther away were more likely than those who lived
closer to be Aboriginal, to be younger, to have diabetic
nephropathy as the cause of end-stage renal disease and to
live in a lower-income neighbourhood (Table 1). Patients
who resided farther from their nephrologist were healthier,
since coronary disease, prior stroke or transient ischemic attack and peripheral vascular disease were less common
among these patients, as compared with patient who lived in
an urban residence location.

Outcomes
The primary outcome was mortality from all causes. We performed secondary analyses in which we subdivided cause of
death as infectious, cardiovascular or other. These subgroups were based on the cause of death listed in the Canadian Organ Replacement Register. In all analyses, follow-up
was censored at loss to follow-up, renal transplantation or at
the end of study.
We investigated the association between distance from the
patient’s residence to the attending nephrologist and the clinical outcomes. We arbitrarily categorized driving distance as
follows: 0–50 km, 50.1–150 km, 150.1–300 km and more than
300 km. These categories were defined a priori. We categorized driving time as 0–30 minutes, 31–90 minutes,
91–180 minutes and more than 180 minutes.

Statistical analyses
We adjusted Cox proportional hazards models for age; sex;
ethnic background (white, Aboriginal or other); cause of endstage renal disease (diabetic nephropathy, glomerulonephritis, hypertensive or ischemic renal disease, polycystic kidney
disease and other); year of dialysis initiation; comorbidities
(diabetes mellitus, coronary disease, hypertension, current
heart failure, stroke or transient ischemic attack, chronic lung
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All-cause death
The median follow-up period was 2.5 years (interquartile
range 1.0–4.7 years). During this period, 11 582 (61.8%) patients died. Mortality was significantly higher among patients
who lived farther from their nephrologist, compared with
those who lived closer. The adjusted rate of death per 100
person-years was 13.0 (95% confidence interval [CI]
12.1–13.9) for those who lived within 50 km of their nephrologist, 13.8 (95% CI 12.7–14.9) for those who lived within
50.1–150 km, 14.5 (95% CI 13.1–16.0) for those who lived
within 150.1–300 km and 14.7 (95% CI 13.2–16.4) for those
who lived more than 300 km from their nephrologist (p for
trend < 0.001). Compared with patients who lived within
50 km of their nephrologist, the adjusted hazard ratio of
death was 1.06 (95% CI 1.01–1.12) for those who lived within
50.1–150 or 150.0–300 km and 1.13 (95% CI 1.04–1.22) for
those who lived more than 300 km away (p for trend < 0.001)
(Figure 1, Appendix 2 [available online at www.cmaj.ca/cgi
/content/full/177/9/1039/DC2]). The results were similar when
we repeated the analyses using the 7 category classification of
distance and when we performed the analyses using driving
time instead of distance (data not shown). Adjustment for
physician supply did not influence our results, which sug-
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Table 1: Demographic and clinical characteristics of study participants (n = 18 722) who began hemodialysis between 1990 and 2000, by
distance from the attending nephrologist
Distance from nephrologist; no. (%) of patients*
Characteristic

≤ 50 km
n = 13 818

50.1–150 km
n = 2 787

150.1–300 km
n = 1 235

Age, yr, median (interquartile range)

65 (51–73)

64 (51–72)

62 (49–72)

Male

8 335 (60)

1 731 (62)

765 (62)

522 (59)

0.19

10 298 (75)

2 266 (81)

923 (75)

555 (63)

< 0.001

> 300 km
n = 882

p value†

60 (46–70)

< 0.001

Ethnic background
White
Aboriginal

317 (2)

180

(6)

173 (14)

236 (27)

< 0.001

Other

1 724 (12)

47

(2)

21 (2)

15 (2)

< 0.001

Unknown

1 479 (11)

294 (11)

118 (10)

76 (9)

0.16

Diabetic nephropathy

3 765 (27)

807 (29)

363 (29)

266 (30)

0.05

Glomerulonephritis

2 297 (17)

406 (15)

185 (15)

156 (18)

0.02

Hypertensive or ischemic renal disease

2 802 (20)

582 (21)

Cause of kidney failure

201 (16)

128 (15)

< 0.001

(5)

47 (4)

36 (4)

0.07

4 223 (31)

851 (31)

439 (36)

296 (34)

0.001

Diabetes mellitus

1 028 (7)

211

(8)

86 (7)

56 (6)

0.59

Coronary disease

4 670 (34)

934 (34)

365 (30)

235 (27)

< 0.001

Hypertension

9 863 (71)

2 010 (72)

893 (72)

609 (69)

0.31

Chronic heart failure

4 101 (30)

824 (30)

366 (30)

237 (27)

0.37

Stroke or transient ischemic attack

1 443 (10)

316 (11)

126 (10)

68 (8)

0.02

Chronic lung disease

1 494 (11)

312 (11)

131 (11)

96 (11)

0.93

Peripheral vascular disease

2 566 (19)

548 (20)

218 (18)

122 (14)

0.001

Malignant disease

1 249 (9)

294 (11)

121 (10)

73 (8)

0.05

Other serious illness

1 275 (9)

285 (10)

109 (9)

69 (8)

0.14

Current smoker

1 802 (13)

425 (15)

190 (15)

115 (13)

0.003

In lowest quintile of socioeconomic status

3 518 (25)

653 (23)

308 (25)

251 (28)

0.02

Atlantic

971 (7)

332 (12)

236 (19)

181 (21)

< 0.001

Quebec

3 868 (28)

614 (22)

89 (7)

154 (17)

< 0.001

Ontario

5 402 (39)

1 102 (40)

259 (21)

Polycystic kidney disease
Other

731 (5)

141

Comorbidity

Region

159 (18)

< 0.001

Manitoba

603 (4)

109

(4)

153 (12)

144 (16)

< 0.001

Saskatchewan

316 (2)

170

(6)

180 (15)

56 (6)

< 0.001

Alberta

1 124 (8)

225

(8)

231 (19)

94 (11)

< 0.001

British Columbia

1 534 (11)

235

(8)

87 (7)

94 (11)

< 0.001

1990–1992

2 221 (16)

478 (17)

205 (17)

186 (21)

0.001

1993–1994

1 960 (14)

401 (14)

196 (16)

135 (15)

0.35

1995–1996

2 570 (19)

482 (17)

222 (18)

168 (19)

0.39

1997–1998

3 359 (24)

652 (23)

302 (24)

193 (22)

0.32

Year of dialysis initiation

774 (28)

310 (25)

Residents per generalist, median no.
(interquartile range)‡

1999–2000

968 (748–1256)

3 708 (27)

1 436 (934–2549)

1 436 (910–2854)

1 120 (681–1908)

< 0.001

Residents per specialist, median no.
(interquartile range)‡

850 (531–1720)

2 486 (1044–5070)

3 509 (1413–5135)

1 979 (957–3521)

< 0.001

200 (23)

0.01

*Unless otherwise stated.
†p value for differences across distance categories.
‡Physician supply (residents per specialist and residents per generalist) was calculated using data from the Southam Medical Database.
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gests that reduced access to local primary care physicians or
non-nephrologist specialists was not responsible for the increased risk of death among people who lived far from their
nephrologist.

Deaths due to infectious causes or cardiovascular
disease
Of 11 582 deaths during the study period, 832 (7.2%) were
from infection, 4115 (35.5%) were from cardiovascular
causes and 4301 (37.1%) were because of other causes. In the
latter category, 1924 (16.6%) deaths were due to withdrawal
from dialysis, 594 (5.1%) were from malignant disease and
214 (1.8%) were from hemorrhage. The remaining deaths
were due to miscellaneous (1569 [13.5%]) or unknown (2334
[20.2%]) causes. The frequency of missing information for
cause of death was similar across the 4 distance categories
(p = 0.26 by χ2). When we stratified the results by cause of
death, the risk of death from infectious causes increased
with greater distance from the attending nephrologist (p for
trend < 0.001). The risk of death from cardiovascular causes
did not increase with distance (p for trend = 0.21). Compared
with patients who lived within 50 km of their attending
nephrologist, the hazard ratio for infectious disease among
patients who lived more than 300 km from their nephrologist was 1.75 (95% CI 1.32–2.32). For cardiovascular death,
the hazard ratio was 0.93 (95% CI 0.79–1.09) for patients
who lived more than 300 km from their nephrologist (Figure 1,
Appendix 2 [available online at www.cmaj.ca/cgi/content
/full/177/9/1039/DC2]).
When we analyzed the data using distance to the attending

Cause of death
All causes

Hazard ratio (95% CI)

≤ 50 km
50.1–150 km
150.1–300 km

1.00
1.06 (1.01–1.12)
1.13 (1.04–1.22)

> 300 km

1.13 (1.03–1.24)

nephrologist as a continuous linear variable, we obtained the
following hazard ratios for every 100 km: 1.03 (95% CI
1.02–1.05, p < 0.001) for all-cause death, 1.12 (95% CI 1.07–1.18,
p < 0.001) for death from infectious causes and 0.98 (95% CI
0.95–1.01, p = 0.15) for death from cardiovascular causes.

Subgroup analyses
We tested for 2-way interactions between age, sex, ethnic
background, diabetic status and socioeconomic status on the
relation between distance from the attending nephrologist
and the risk of death from all causes. None of these interactions were statistically significant, which suggests that the increased likelihood of death observed among patients who
lived farther away from their nephrologist was not influenced
by these characteristics. Results were generally consistent
when we stratified the analyses by geographic region. There
was an increased risk of death among patients who lived
more than 300 km from the attending nephrologist in 6 of 7
regions, with the exception being patients in Saskatchewan (p
for interaction = 0.04). The adjusted hazard ratio of death
was 0.83 (95% CI 0.64–1.06) among Saskatchewan residents
who lived 50.1–150 km from the attending nephrologist, 0.98
(95% CI 0.77–1.26) among patients who lived 150.1–300 km
away and 1.04 (95% CI 0.70–1.54) for those who lived more
than 300 km away (p for trend = 0.78).

Sensitivity analyses
To address the possibility that missing information about comorbidities may have affected our results, we performed additional analyses that excluded participants with missing comorDecreased risk Increased risk
of death of death

p < 0.001
Infectious causes
≤ 50 km

1.00

50.1–150 km
150.1–300 km

1.17 (0.97–1.42)

> 300 km

1.14 (0.86–1.52)
1.75 (1.32–2.32)
p < 0.001

Cardiovascular causes
≤ 50 km
50.1–150 km

1.00

150.1–300 km
> 300 km

0.93 (0.81–1.07)
0.93 (0.79–1.09)
p = 0.21

0.94 (0.86–1.03)

0.6

1.0

1.5

2.5

Hazard ratio and 95% CI

Figure 1: Forest plot showing the risk of mortality among patients receiving hemodialysis, by
distance to the attending nephrologist. CI = confidence interval.
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bidity data. Similarly, we assessed the potential impact of missing information about ethnic background by assuming that all
people missing these data were white or Aboriginal. We performed a third sensitivity analysis that examined the effect of
ethnic background by including only white patients, which did
not influence our findings. The results were similar for each of
these analyses, which suggests that both missing data and the
restriction of the study population to hemodialysis patients
were unlikely to have affected our conclusions. The results
were also similar when we used distance to the closest hemodialysis unit, rather than distance to the attending nephrologist, to classify residence location (data not shown).

Interpretation
In Canada, most patients live within 50 km of their nephrologist at the start of hemodialysis; however, we found that a
substantial proportion (12%) lived more than 150 km away.
This distance may be a barrier to the provision of high-quality
care. We found an increased risk of death after hemodialysis
initiation among patients who lived in remote areas, which
was particularly evident for death from infectious causes. Furthermore, the risk of death increased with distance from the
attending nephrologist, and we consistently observed higher
mortality among patients who live in remote areas for a variety of subgroup and sensitivity analyses.
The excess risk of all-cause death among patients who
lived more than 300 km from their nephrologist was modest
when expressed in relative terms (about a 13% increase compared with those who lived within 50 km). However, when
expressed as absolute risk, there is a substantial increase
(1.7 excess deaths per 100 person-years) owing to the high
mortality associated with kidney failure. This risk is about 3times greater than the excess risk of death associated with diabetes mellitus in the general population (0.54 excess deaths
per 100 person-years, as compared with patients without diabetes).11 Thus, living in a remote area appears to be a clinically relevant risk factor for mortality among patients receiving hemodialysis in Canada.
Little is known about the association between residence
location and outcomes for chronic conditions, especially
those that require lifelong supervision by a specialist, such as
kidney failure. Although renal programs around the world
deliver services to people who live in remote areas through
the use of satellite hemodialysis units, few studies have examined how residence location affects clinical outcomes among
patients receiving dialysis. A recent study showed that mortality was similar among US hemodialysis patients who lived in
rural and urban areas.12 However, the authors of this study
did not estimate distance or travel time to nephrology services. We used distance to define residence location, because
although almost all remote communities are rural, the converse is not necessarily true.6 A previous study from our group
found that the likelihood of receiving a kidney transplant in
Canada is not influenced by residence location, which suggests that even complex processes can operate equitably for
patients in both remote and urban areas.1
We found a higher risk of death among patients who lived

in remote areas. It is possible that people who live in remote
areas may be healthier than those who live in urban areas;
however, this would have biased the results toward the null
hypothesis (i.e., similar mortality among patients both areas). Although people who live in remote areas may have reduced access to both primary care physicians and specialists,
adjustment for an accepted index of physician supply did not
alter our findings.6 Therefore, we speculate that the excess
mortality among patients in remote areas may be a result of
less frequent contact with a nephrologist, as compared to patients who live in urban areas.
In Canada, patients receive hemodialysis either at in-centre
units, which have a nephrologist on-site or nearby, or at satellite units, which are supervised by a nephrologist or a group of
nephrologists who primarily work elsewhere. There are no
data that document how frequently Canadian nephrologists
physically attend to their satellite hemodialysis patients, although it is clear that wide variation exists. Although most hemodialysis patients in Canada who live in urban areas are seen
at least weekly by a nephrologist, it is unlikely that such frequent contact is possible for patients who live more than
150 km from their nephrologist. The increased risk of death
from infectious causes among patients in remote areas may
indicate that serious infections are not managed quickly or appropriately in hemodialysis units where nephrologists do not
frequently attend. Alternatively, patients who live in remote areas may be more likely than those in urban areas to receive venous dialysis catheters rather than arteriovenous fistulae because of lower access to vascular surgery services,13 which may
predispose these patients to death from sepsis. We did not
have data on the management of infections or vascular access
type; thus, these suggestions are speculative. Regardless, our
findings identify an opportunity to improve outcomes among
patients receiving hemodialysis in remote areas.
Our study has several limitations. First, our classification
of residence location was based on data at the time of dialysis
initiation and it ignored the fact that some participants may
have moved after starting dialysis. However, since few patients move farther from their nephrologist after starting hemodialysis, the true excess risk of death among patients in remote areas is probably greater than that suggested by our
findings. Second, the validated methodology we used to calculate distance necessitates some approximations. Therefore,
we categorized distance from the attending nephrologist into
relatively broad categories, which reduces the risk of misclassification. The third limitation is that agreement between the
cause of death obtained from death certificates and from dialysis registries is poor.14 However, a preliminary study found
that the specificity of “death due to infection” reported to the
Canadian Organ Replacement Register was 100% when registry data was compared with the results of an independent
chart review.15 Fourth, although people in the general population who live in remote areas may have a slightly higher risk
of death than those who live in urban areas, the magnitude of
the increased risk is small (about 0.1 excess deaths per 100
person-years),16 which would not explain our findings. The
fifth limitation is that we restricted our analyses to patients
receiving hemodialysis. However, in a previous study we ob-
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tained similar results for patients receiving peritoneal dialysis,4 which makes selection bias unlikely. Finally, despite our
best efforts at statistical adjustment, it is possible that residual confounding by unmeasured characteristics may have influenced our findings.
Future studies should compare markers of high-quality care
for patients receiving hemodialysis in both urban and remote
areas. Studies should focus on markers that are amenable to intervention, including the type of vascular access17 and the frequency of sit-down rounds.10 In addition, the increased use of
telemedicine or partnerships between nephrologists and primary care physicians may facilitate closer follow-up of patients
with kidney failure who live in remote areas.
In conclusion, we found that the mortality associated with
hemodialysis was greater among patients who lived farther
from their attending nephrologist, as compared with those
who lived closer. This was apparently owing to a higher likelihood of death from infectious causes. Our findings identify
an opportunity to improve outcomes among patients receiving hemodialysis in remote areas through further studies and
targeted interventions.
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