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End-stage renal disease is the last stage of kidney failure,
and it is irreversible. To survive, patients require renal
replacement therapy: either dialysis (hemodialysis or

peritoneal dialysis) or kidney transplantation. Long-term dialy-
sis is associated with a high burden of morbidity and frequent
admission to hospital.1,2 Studies conducted in the United States
have reported high rates of infection-related admissions to
hospital and associated morbidity and mortality in the dialysis
population.1,3–7 Although rates of all-cause admissions to hospi-
tal remained fairly stable between 1994 and 2009 in the US,
rates of infection-related admissions among patients on dialysis
increased by 30.6%.1 These findings led to a recognition of the
need to decrease the use of tunnelled hemodialysis catheters,
one of the main causes of infection in this population.1,8 Similar
studies have not been conducted in Canada, and US estimates
may not apply to the Canadian population because dialysis
populations differ substantially between the 2 countries1,8 in
terms of demographics,1,8,9 use of vascular access10 and mortality
rates,1,8 among other factors.

Because mortality is increased among patients with major
comorbidities and older patients, those who have survived a
few years of dialysis differ greatly from patients initiating dialy-
sis. Although one might hypothesize that the rate of admission
to hospital would decrease with time on dialysis, other factors
come into play: greater use of catheters in the early stages of
dialysis, cardiovascular and other complications and kidney
transplant. In brief, how rates of infection-related admissions
to hospital vary with length of time on dialysis remains unpre-
dictable and not well described. Because the proportion of new
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Background: After cardiovascular disease, infection is the second leading reason for admission to hospital among patients receiving
long-term dialysis. We examined whether duration of dialysis treatment influences the rate of infection-related admission to hospital.

Methods: Using provincial administrative databases for Quebec, we built a retrospective cohort of all adults receiving long-term dialysis
(hemodialysis or peritoneal dialysis) between 2001 and 2007. We evaluated rates of infection-related admission to hospital according to
length of time on dialysis.

Results: A cohort of 9822 patients (mean age 66.3 [standard deviation ± 14.7] yr; 39.7% female) were followed for a median of 2.1
(range 1.0–3.9) years. Between 2001 and 2007, infection-related hospital admissions remained stable (from 0.20 to 0.19 per person-year;
p = 0.7). All-cause hospital admission rates decreased by 22.9% (from 1.53 to 1.18 per person-year; p < 0.001), and cardiovascular-
related admission rates decreased by 46.7% (from 0.45 to 0.24 per person-year; p < 0.001). The rate of infection-related admission
remained stable with increasing time on dialysis (p = 0.1); however, both all-cause and cardiovascular-related admission rates decreased
with length of time on dialysis (p < 0.001). Standardization of hospital admission rates by age, sex or length of time on dialysis did not
change trends.

Interpretation: We found a stable rate of infection-related hospital admission between 2001 and 2007 among patients on long-term
dialysis, independent of age, sex and length of time on dialysis. A decrease in all-cause and cardiovascular-related admission rates
during the same period meant that the proportion of admissions related to infection increased. Because admissions to hospital are
potentially preventable, understanding the epidemiology of infection-related admissions may inform future studies on prevention of this
serious outcome.
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and long-term dialysis patients may change over time, report-
ing rates of hospital admission without controlling for length
of time on dialysis may confound results. Until now, trends in
rates of infection-related hospital admissions have usually been
reported only for long-term dialysis patients. The US Renal
Data System’s 2011 annual report presented data on new dialy-
sis patients, but only rates of admission in the first year were
reported.1 Because infection-related hospital admissions are
potentially preventable, it is important to assess their frequency
and associated risk factors to inform prevention strategies
aimed at improving patient care.

We conducted this study to describe population-based
trends in the incidence of infection-related hospital admis-
sions among new and long-term dialysis patients from 2001 to
2007, with a focus on length of time on dialysis.

Methods

Data sources
We obtained data from health services administrative databases
in the province of Quebec, Canada. The physician and hospital
services of virtually all 8 million residents in Quebec are cov-
ered by a universal single payer: the Régie de l’assurance mal-
adie du Québec. The physician fee-for-service claims database
includes all visits, diagnostic codes and procedures during in-
and outpatient encounters. Primary diagnoses (coded by med-
ical archivists using the International Classification of Diseases,
9th Revision [Clinical Modification] [ICD-9] or the Interna-
tional Statistical Classification of Diseases and Related Health
Problems, 10th revision [ICD-10] after 2006) for each admis-
sion to hospital were obtained from the hospital discharge
summary database. Discharge summary data in Quebec have
been validated for a number of conditions, including hip frac-
ture,11 stroke,12 myocardial infarction13 and injuries.14 For these
conditions, data accuracy was generally high.

Study cohort
The study cohort included all adults (age ≥ 18 yr) who were
on dialysis (hemodialysis or peritoneal dialysis) between Jan. 1,
2001, and Dec. 31, 2007. Patients were identified using physi-
cian claims or admission discharge sheets. Both new patients
initiating dialysis during the study period and patients already
on dialysis at the beginning of the study were included.
Although limiting the cohort to new patients would have
resulted in a simpler cohort, including patients who had been
on dialysis for varying lengths of time as of 2001 was essential
to evaluate trends over the entire study period. Moreover, in
other dialysis registries, hospital admission rates are usually
reported for the long-term dialysis population. Finally, one of
our objectives was to describe the burden of infection-related
admissions to hospital in the whole dialysis population during
the study period. We excluded patients who had less than
90 days of follow-up after initiation of dialysis (due to death,
recovery of kidney function or dialysis started within 90 days
of the end of the study) and those who had a prior kidney
transplant (Figure 1). The 90-day criterion was used to ensure
that only maintenance dialysis patients were included and to

ensure that our patient population was comparable to other
long-term dialysis cohorts. Patients were followed from Jan. 1,
2001, or dialysis initiation after that date until death, kidney
transplantation or the end of the study (Dec. 31, 2007).

Admission categories
We identified all admissions to hospital during the study
period, excluding those required for dialysis initiation. Each
admission was categorized using ICD-9 or ICD-10 codes cor-
responding to the primary diagnosis on the discharge sheet
grouped into 3 mutually exclusive categories: infection, cardio-
vascular disease or other cause (see eTable 1 in Appendix 1 for
specific codes). Categories and codes were based on US Renal
Data System methods to allow comparison between popula-
tions.1 Although the focus of this study was hospital admissions
related to infection, we also included cardiovascular disease
because it is the principal cause of admissions in this popula-
tion. Infections were subdivided into dialysis-related infections,
pneumonia, septicemia and other infections.

Length of time on dialysis
Length of time on dialysis was calculated for each patient for
every calendar year and categorized as less than 1 year, 1 to
less than 2 years, 2 to less than 3 years, etc. The length of time
for patients initiating dialysis in the current calendar year was
classified as less than 1 year. Because we had no access to data
before Jan. 1, 1999, patients with dialysis codes on that date
were assumed to have started dialysis in 1998 or earlier. These
patients were categorized as having a length of time on dialy-
sis of at least 3 years in 2001, at least 4 years in 2002, at least
5 years in 2003, and so on.

Comorbidities
Comorbidities were assessed at the beginning of the study
period using ICD-9 codes for diagnoses in the 2 years before
the starting date. They included cardiovascular disease, cere-
brovascular disease, congestive heart failure, chronic pulmonary
disease, diabetes, malignant disease and peripheral vascular
disease (see eTable 2 in Appendix 1 for codes).

Excluded n = 13 787
• Kidney transplant before long-term 

dialysis  n = 416
• Less than 90 days of dialysis*  n = 4997
• Recovery of kidney function 

after < 90 days on dialysis  n = 8374

Included in analysis
n = 9822

Eligible patients with ≥ 1 dialysis-related 
diagnostic code during the study period

n = 23 609

Figure 1: Selection of study cohort. *Because of death or because
dialysis started less than 90 days from the end of the study period.
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Statistical analysis
We calculated unadjusted admission rates by dividing the
number of admissions by the total number of patient-years
(i.e., the number of days from dialysis initiation to the end of
follow-up for all patients divided by 365.25 d). The 95% confi-
dence intervals for admission rates were calculated with the use
of a Poisson distribution with a robust error variance to
account for clustering of data.15 We tested linear trends using
the Mantel–Haenszel trend statistic.16 We produced rates of
admission adjusted for length of time on dialysis by applying
the stratified rates for lengths of time on dialysis (< 1, 1, 2,
≥ 3 yr) that were common for all calendar years to the person–
time distribution of the whole cohort (direct standardization).17

Similarly, we calculated age- and sex-standardized rates using
the same reference population and 4 age strata (< 55, 55–64,
65–74, ≥ 75 yr). Because of the prohibitive number of strata,
we were not able to calculate adjusted rates for both length of
time on dialysis and demographics. However, we evaluated
statistical interactions between length of time on dialysis and
calendar time by including a multiplicative term in a Poisson
multivariable regression model with a robust error variance.

In a sensitivity analysis, we redid all analyses excluding
patients who started dialysis before January 1999, because their
initiation date was unknown. Similarly, we conducted an analy-
sis limited to patients initiating dialysis during the study
period. Finally, all analyses were redone by dialysis modality.

Ethics approval
This study was approved by the Maisonneuve-Rosemont Hospi-
tal and Government of Quebec (Commission d’accès à l’infor-
mation) ethics committees, and informed consent was waived.

Results

Baseline characteristics of the 9822 patients in the study cohort
are shown in Table 1. The mean age was 66.3 (standard devia-
tion ± 14.7) years, 39.7% were women, and 81.0% were on
hemodialysis. Diabetes and cardiovascular disease were the
most prevalent comorbidities (45.1% and 41.3%, respectively).
Patients newly started on dialysis (n = 6567) represented 66.9%
of the cohort.

Patients were followed for a median time of 2.1 years
(interquartile range [IQR] 1.0–3.9 yr). During the study
period, we identified 35 246 admissions to hospital. Recur-
rent admissions for a single patient were common: no admis-
sions, 1181 patients (12.0%); 1 admission, 1923 patients
(19.6%); 2 admissions, 1645 patients (16.7%); 3 or more
admissions, 5073 patients (51.6%). The median length of stay
in hospital was 4 days (IQR 1–12 d). Rates of admission are
shown in Table 2. As expected, cardiovascular-related admis-
sions were the most frequent (0.354 per person-year), followed
by infection- related admissions (0.200 per person-year).
Among infection-related admissions, those associated with
dialysis were the most frequent (0.046 per person-year).

Trends in admission rates over time are shown in Table 3
and Figure 2. Between 2001 and 2007, the rate of infection-
related hospital admissions remained stable (Mantel–Haenszel

trend test p = 0.7). During the same period, all-cause admission
rates decreased by 22.9% (from 1.53 to 1.18 per person-year;
p < 0.001); therefore, the proportion of admissions related to
infection increased from 13.1% to 16.1% of all admissions.
Cardiovascular-related admission rates decreased by 46.7%
(from 0.45 to 0.24 per person-year; p < 0.001).

As shown in Figure 3, infection-related hospital admissions
remained fairly stable regardless of length of time on dialysis

Table 1: Baseline characteristics of the study population (n = 9822) 

 *)%( .oN citsiretcarahC

 7.41 ± 3.66 DS ± naem ,ry ,egA

 )7.93( 6983 elamef ,xeS

  †epyt sisylaiD

 )0.18( 8597 sisylaidomeH

 )0.91( 4681 sisylaid laenotireP

  sisylaid fo noitaruD

 )9.66( 7656 weN

 )1.33( 5523 mret-gnoL

Admissions to hospital in previous year  

 )7.64( 5954 0   

 )2.72( 1762 1   

≥ 2 2556 (26.0) 

  seitidibromoC

 )1.54( 1344 setebaiD

 )3.14( 5504 esaesid ralucsavoidraC

 )2.52( 0842 eruliaf traeh evitsegnoC

Peripheral vascular disease 2378 (24.2) 

Chronic pulmonary disease 1639 (16.7) 

 )9.21( 5621 esaesid tnangilaM

 )1.7(  796 esaesid ralucsavorbereC

Note: SD = standard deviation. 
*Except where noted. 
†Assigned at cohort entry and not updated over time. 

Table 2: Causes and rates of admission to hospital among 
patients on dialysis (n = 9822), 2001–2007 

Cause 
No. of 

admissions 
Rate per person-year* 

(95% CI) 

 )24.1–92.1( 53.1 642 53 llA

Cardiovascular disease   9 240 0.35 (0.33–0.38) 

Infection   5 209 0.20 (0.19–0.21) 

Dialysis-related    1 196 0.05 (0.04–0.06) 

Pneumonia      734 0.03 (0.03–0.03) 

Septicemia      578 0.02 (0.02–0.03) 

Other infection   2 701 0.10 (0.09–0.12) 

 )38.0–77.0( 08.0 797 02 rehtO

Note: CI = confidence interval. 
*Calculated as no. of days from dialysis initiation to the end of follow-up for all 
patients divided by 365.25 days. 
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(p = 0.1). In contrast, all-cause and cardiovascular-related
admission rates decreased with time on dialysis (p < 0.001 for
both), and the decrease was most pronounced during the first
3 years after dialysis initiation.

Interaction between calendar time and length of time on
dialysis was not statistically significant for infection-related
(p = 0.8) or cardiovascular-related (p = 0.09) admissions to hos-
pital. However, it was statistically significant for all-cause rates
of admission (p = 0.03); that is, trends in rates of admission var-
ied over time for different categories of time on dialysis. How-
ever, rates standardized for length of time on dialysis were
highly similar to unadjusted rates (Table 3), which indicated
that this interaction had little influence on trends. Age- and
sex-adjusted rates were also close to unadjusted rates (Table 3).

The sensitivity analyses, in which we excluded patients who
had started dialysis before January 1999 or excluded prevalent
patients, led to similar results (data not shown). Trends for
hemodialysis and peritoneal dialysis patients were similar (data
not shown).

Interpretation

This study describes trends in infection-related hospital
admissions and the impact of length of time on dialysis in a
large cohort of Canadian patients on long-term dialysis.
Although infection-related admission rates were stable, rates
of all-cause and cardiovascular-related admissions decreased
over time. Therefore, the hospital burden attributable to
infection increased over the years. Similarly, length of time on
dialysis was associated with decreasing rates of all-cause and
cardiovascular-related admissions, but not with infection-
related admissions. Although we found an interaction between
calendar time and length of time on dialysis for all-cause hos-
pital admissions, trends in hospital admission rates adjusted
for length of time on dialysis were similar to unadjusted rates.

Comparison with other studies
All-cause and infection-related hospital admission rates among
patients on dialysis have not been studied in Canada. The 2011
US Renal Data System annual report1 showed slightly decreas-
ing all-cause admission rates: from 1.97 per person-year in
2001 to 1.90 per person-year in 2007. Those rates are higher
than the rates we are reporting (1.53 per person-year in 2001
and 1.18 per person-year in 2007), but comparisons should be
made with caution because dialysis populations differ substan-
tially between countries.1,8,18 Among patients on hemodialysis in
2007, infection-related and cardiovascular-related admission
rates were also higher in the US than in our study (0.46 per
person-year v. 0.19 per person-year for infection-related
admissions and 0.56 per person-year v. 0.24 per person-year
for cardiovascular-related admissions).1 Both rates were rela-
tively stable between 2001 and 2007.1

Few studies have evaluated hospital admission rates by length
of time on dialysis. The US Renal Data System annual report1

suggests that admission rates are higher in the first year of dialy-
sis. Another study showed that more than 50% of patients initi-
ating dialysis are admitted to hospital in the first 100 days of

dialysis.2 Our results contribute to these findings: admission
rates decreased most rapidly over the first year, and continued to
decrease for at least 4 years after initiation of dialysis. During the
first year of dialysis, patients are believed to be at greater risk of
morbidity and mortality than in subsequent years,1 possibly
because of greater use of catheters in that period or adjustment
of dialysis regimens.19 This phenomenon may also be explained
by survival effect: patients with severe concurrent conditions will
die early, whereas healthier patients remain on dialysis longer.
Because patients with more comorbidities are admitted to hospi-
tal more often, rates of admission would be higher in the first
years when those patients are still in the cohort.

Why infection-related admissions to hospital did not
decrease between 2001 and 2007 remains unclear and should be
the focus of further studies. The lack of decrease may be
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Figure 2: Unadjusted rates of admission to hospital among patients
on dialysis, 2001–2007. Error bars = 95% confidence intervals.
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explained by increasing prevalence of diabetes and an increas-
ing use of catheters in the long-term dialysis population.8,10,19

Although infections may be hard to prevent, these factors are
modifiable, and intervention strategies may help reduce infec-
tion rates. The decreasing trend in all-cause hospital admissions
over time may be explained by the fact that some interventions
formerly performed in hospital, such as vascular access and car-
diovascular procedures, are now done in an outpatient setting.
The decreasing trend in cardiovascular-related admissions may
be a result of more aggressive treatment of cardiovascular risk
factors, such as hyperlipidemia and hypertension.

Strengths and limitations
Our study’s strengths included the ability to follow patients
during the first 90 days after dialysis initiation, a high-risk
period not often covered in other data sets. In addition, a uni-
versal health care setting allowed minimal selection bias.

As in most retrospective studies, our study has several limita-
tions. First, because we relied on claims and ICD-9 and ICD-10
codes to identify patients on dialysis, we may have missed some
patients on long-term dialysis. However, the validity of identify-
ing patients on dialysis through procedure billing claims in the
Régie de l’assurance maladie du Québec is thought to be high,
because such patients receive multiple treatments. Unfortu-
nately, we had no access to data before 1999. However, exclud-
ing patients who initiated dialysis before that date yielded results
similar to those for all patients in the study cohort. Because of
the prohibitive numbers of strata, we were not able to adjust for
age and sex in addition to length of time on dialysis. Adjustment
using a multivariable model would overcome this issue, but it
would provide an estimate of the trend only, not actual rates.
Nevertheless, age and sex distribution did not change signifi-
cantly during the observed period, and age- and sex-adjusted
rates were almost identical to unadjusted rates. Although many
factors may change over time and with length of time on dialy-
sis, the goal of this analysis was to evaluate the resulting effect of
those changes on infection-related hospital admissions based on
length of time on dialysis. Adjusting for intermediate factors,
such as comorbidities, could take away the effect of length of
time on dialysis. Further studies are needed to investigate inter-
actions between length of time on dialysis and rates of infection-
related hospital admission.

Conclusion
We found a decreasing trend in all-cause and cardiovascular-
related rates of admission to hospital among patients on long-
term dialysis, independent of age, sex and length of time on
dialysis. In contrast, the rate of infection-related hospital
admissions remained stable over the period of the study,
which meant that the proportion of hospital admissions
attributable to infection increased from 13.1% to 16.1%.
Although both all-cause and cardiovascular-related admission
rates decreased with length of time on dialysis, infection-
related admission rates remained stable. Understanding the
epidemiology of infection-related hospital admissions among
patients receiving long-term dialysis may inform future stud-
ies on prevention of this common and serious outcome.
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