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Abstract

Purpose Sepsis is a considerable health system burden.

Population-based epidemiological surveillance of sepsis is

limited to basic data available in administrative databases.

We sought to determine if routinely collected Census data,

linked to hospitalization data, can provide a broad socio-

demographic profile of patients admitted to Canadian

hospitals with sepsis.

Methods Linking the 2006 long-form Canadian Census

(most recent available for linkage) to the Discharge

Abstract Data from 2006/2007 to 2008/2009, we created

a population-based cohort of approximately 3,433,900

Canadians. Patients admitted to hospital with sepsis were

identified using the Canadian Institute for Health

Information administrative data definition. Age-

standardized hospital admission rates for sepsis were

calculated. Multivariable modelling was used to examine

the relationship between Census characteristics and

hospitalization with sepsis.

Results Of those individuals successfully linked to the

2006 long-form Canadian Census, 10,400 patients of 18 yr

and older were admitted to hospital with sepsis between the

fiscal years 2006/2007 and 2008/2009. These individuals

represented a weighted count of approximately 49,000

Canadians from all provinces and territories, excluding

Quebec. The age-standardized rate of sepsis

hospitalization was 96 cases/100,000 population. Of

these, 37/100,000 cases were classified as severe sepsis.

The association of Census characteristics with sepsis

hospitalization varied with age. In all age-specific

models, male sex, never being married, visible minority

status, having functional limitations, and not being in the

labour force were associated with an increased odds of

hospital admission.

Conclusions Census data identified broad socio-

demographic risk factors for admission to hospital with

sepsis. Consideration should be given to incorporating

Census data linked to administrative hospital data in

population-based epidemiologic surveillance.
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Résumé

Objectif Le sepsis constitue un fardeau considérable pour

le système de santé. La surveillance épidémiologique du

sepsis sur la population se limite aux données de base

disponibles dans les bases de données administratives.

Nous avons cherché à déterminer si, en liant les données

du Recensement aux données d’hospitalisation, cet

ensemble pouvait nous procurer un large profil

sociodémographique des patients admis pour traiter un

état septique dans les hôpitaux canadiens.

Méthode En liant le Recensement canadien de 2006 (le

plus récent disponible aux fins de liaison) aux Données de

la Base de données sur les congés des patients de 2006/

2007 à 2008/2009, nous avons créé une cohorte fondée sur

une population d’environ 3 433 900 Canadiens. Les

patients admis à l’hôpital suite à un sepsis ont été

identifiés à l’aide de la définition de l’Institut canadien

d’information sur la santé sur les données administratives.

Les taux d’admission à l’hôpital standardisés pour l’âge

ont été calculés pour le sepsis. Des modèles multivariés ont

été utilisés pour examiner la relation entre les

caractéristiques du Recensement et l’hospitalisation due

à un état septique.

Résultats Parmi les individus qui ont pu être liés au

Recensement canadien de 2006, 10 400 patients de 18 ans

ou plus ont été admis à l’hôpital en raison d’un sepsis entre

les années financières 2006/2007 et 2008/2009. Ces

personnes représentaient un décompte pondéré d’environ

49 000 Canadiens provenant de toutes les provinces et

territoires, à l’exclusion du Québec. Le taux

d’hospitalisation due au sepsis standardisé pour l’âge

était de 96 cas / 100 000 personnes. Parmi ces cas, 37/100

000 ont été catégorisés comme un état septique grave.

L’association entre les caractéristiques du Recensement et

l’hospitalisation due au sepsis variait en fonction de l’âge.

Dans tous les modèles spécifiques en fonction de l’âge, le

sexe masculin, le fait de n’avoir jamais été marié, un statut

de minorité visible, des limitations fonctionnelles et le fait

de ne pas faire partie de la population active étaient

associés à une probabilité plus élevée d’admission à

l’hôpital.

Conclusion Les données du Recensement ont permis

d’identifier des facteurs de risque sociodémographiques

d’admission à l’hôpital pour traiter un état septique. Il

faudrait envisager d’intégrer des données du Recensement

liées aux données administratives hospitalières pour

exercer une surveillance épidémiologique fondée sur la

population.

Introduction

Sepsis is defined as organ dysfunction resulting from

infection, and is a critical condition with high mortality

rates.1 Global estimates, based mainly on data from

selected high-income countries, and extrapolated for low-

income countries, suggest that there are approximately 32

million sepsis cases annually, 19 million of which are

severe. These cases result in an estimated 5 million deaths

worldwide.2 The Canadian Institute for Health Information

(CIHI) has estimated that there are approximately 30,000

sepsis hospitalizations annually in Canada,3,4 while a 2011

study of vital statistics data showed that 1 in 18 deaths

among Canadians involved sepsis as the main or

underlying cause.5 Survivors of sepsis are often left with

long-term physical and cognitive deficits, and reduced

quality of life,6 contributing to increased cost, extended

hospitalization, and intensive post-discharge healthcare

utilization.7 Despite the burden of sepsis, public and

political recognition of the disease is limited.8,9 As a result,

the World Health Organization recognized sepsis as a

global health priority in 2017 and adopted a resolution on

improving the prevention, diagnosis, and management of

sepsis.10 They recommended that the development of

monitoring and evaluation tools as well as epidemiological

surveillance systems should be the cornerstones of the

sepsis strategy.

There are a number of important challenges with sepsis

surveillance, even in high-income countries such as

Canada.2 At the population level, a practical and cost-

efficient method to collect information about sepsis

hospitalizations and mortality is through retrospective

review of hospital records using International

Classification of Disease (ICD) coding strategies.

Nevertheless, hospital records alone contain incomplete

socio-demographic information, limiting their utility for

epidemiological surveillance.11–14

Another method has been to use ICD coded death

certificates to investigate clustering of sepsis mortality by

geographic area.15,16 While these studies have revealed

geographic patterns in sepsis mortality in the United States,

they were ecological in nature and could not directly

investigate any associations between socio-demographic

exposures and outcomes.15,16

An alternative approach to sepsis surveillance is to

utilize linked population-based data. Specifically,

population-based data sources, including the 2006

Canadian Census, have been linked to the CIHI

Discharge Abstract Data (DAD) at Statistics Canada, to
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facilitate population health and health services

research.17–19 The data collected in the long-form

Canadian Census provide a rich multidimensional look at

the Canadian population, including many important social

determinants of health. Combined with clinical information

available in the DAD, these data afford a unique

opportunity to examine detailed socio-demographic

characteristics of patients admitted to hospital with

sepsis. Using Census-linked data provides antecedent

information about sepsis patients in line with a paradigm

where sepsis is conceptualized as a preventable public

health problem.20 This is an important step towards

identifying modifiable risk factors and high-risk groups to

target future primary and secondary sepsis prevention

strategies and includes considering population risk factors

available through sources such as Census data.

The primary purpose of this study, achieved by linking

data from the 2006 long-form Canadian Census with the

CIHI DAD, was to identify socio-demographic factors in

adults aged 18 yr and older, associated with admission to a

Canadian hospital with sepsis. A secondary objective was

to compare the outcomes in patients hospitalized for sepsis

with those hospitalized for other reasons.

Methods

Study design

This study was a retrospective linked cohort design

utilizing the 2006 long-form Canadian Census linked to

the DAD from 2006/2007 to 2008/2009. This was the most

current Census-DAD linkage completed at Statistics

Canada. Approval for this linkage was granted by

Statistics Canada’s Executive Management Board.21

Data sources

Census of Canada

The 2006 Census of Canada was administered by Statistics

Canada on May 16th 2006 and collected information using

both short- and long-form questionnaires.22 Eighty percent

of households received the short-form, containing eight

questions about birth date, sex, marital status, and language

spoken by all household members. Twenty percent of

households received the long-form, containing 53

questions on topics including income, education,

employment, ethnicity, visible minority status, immigrant

status, and functional limitations. The 2006 Census of

Canada represented 95–97% of the non-institutionalized

population of the Canadian provinces and 93–94% of the

non-institutionalized population in the territories.23

Discharge abstract database

CIHI compiles the DAD, which is a national database

containing demographic, administrative, and clinical data

on hospital discharges across Canada, excluding Quebec.

CIHI receives data directly from all public hospitals in

every province and territory covered. Re-abstraction

studies have found that non-clinical data elements are of

a high quality and that the clinical data captured by the

DAD are consistently reported.24,25 The DAD clinical data

include 25 fields of ICD version 10 coded diagnoses and 20

fields of Canadian Classification of Interventions coded

procedures.

Linkage methods

An hierarchical deterministic linkage approach was used to

link Census respondents to the DAD from 2006/2007 to

2008/2009. The linkage process has been described in

detail and validated by Rotermann et al., who found that

the linked file represented approximately 80% of

hospitalizations during the time period.17 The 2006

Census linked to the DAD cohort has previously been

used for research.18,19

Study sample

The study sample consisted of adult patients 18 yr and

older admitted to Canadian hospitals between 2006/2007

and 2008/2009 (excluding Quebec), who successfully

linked to the 2006 long-form Canadian Census. Patients

admitted with sepsis (defined below) were compared with

those admitted for all other diagnoses, excluding patients

admitted to give birth. Patients in the study sample could

have been hospitalized more than once; for analysis, only

one record per patient was retained. For those admitted

with sepsis, the first hospital record containing a diagnosis

of sepsis was retained. For those admitted for reasons other

than sepsis, the first hospital record was retained. The

eFigure available as Electronic Supplementary Material

(ESM) shows the study flow chart.

Defining sepsis and severe sepsis

Sepsis was defined using an existing administrative data

definition developed by CIHI3,4 and based on previous

studies by Angus et al. and others.26–28 A patient was

identified as having an admission for sepsis if any one of

the ICD-10-CA codes listed in eTable 1, available as ESM,

were present in any of the 25 diagnosis coding fields of the

DAD record. Severe sepsis was indicated by the

combination of a sepsis code with at least one organ

dysfunction code (see eTable 1 available as ESM).
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Primary outcome

Hospital admission with a diagnosis of sepsis was the main

outcome of interest in this analysis.

Secondary outcome

In-hospital death among patients admitted with sepsis was

the secondary outcome of interest. Other secondary

outcomes of interest included admission to a special care

unit, special care unit length of stay, hospital length of stay

and discharge disposition (see eTable 2 available as ESM

for a more detailed description).

Exposures

The covariates are described in detail in eTable 2 (available

as ESM). The exposures studied in relation to hospital

admission with a diagnosis of sepsis were Census

characteristics, including age, sex, income, education,

marital status, visible minority status, immigrant status,

employment, and location of residence. We also examined

Indigenous identity. The 2006 Census gathered information

on whether a person self-identified with Aboriginal peoples

of Canada. In this document, the term ‘‘Indigenous’’ is used

in place of ‘‘Aboriginal’’. We further categorized identity

by a previously used breakdown18 in descriptive analysis

(First Nations people living on reserve, First Nations

people living off reserve, Métis, Inuit, and other or multiple

Indigenous identity). For the calculation of rates and

multivariable modelling ‘‘Indigenous identity’’ was used as

a dichotomous variable because of small sample sizes in

some of the groups (see eTable 2 available as ESM for

more details).

These Census variables were chosen for study because

they provide a broad description of the socio-demographic

characteristics of the Canadian population and are not

typically available in health administrative data. Many of

these variables have been identified as important social

determinants of health for the Canadian population. In

addition, the population groups identified here, such as

visible minorities, immigrants, and Indigenous populations,

may experience a greater burden of health problems

because of inequalities in the social determinants of

health.29,30

Statistical analysis

Missing values in the Census data were imputed during

processing.23 The DAD records were screened for missing

postal code, birthdate, and sex in advance of being made

available for linkage, and approximately 0.8% of records

were excluded. None of the DAD records linked to the

Census data were missing the main diagnosis field.

Descriptive statistics (proportion with 95% confidence

interval [CI] and medians [interquartile ranges (IQR)], as

appropriate) were used to compare patients hospitalized

with and without a sepsis diagnosis. Crude and age-

standardized hospitalization rates for sepsis were

calculated by Census characteristics. Estimates were

directly age-standardized to the 2006 population.

Multivariable logistic regression models were used to

investigate the association between Census characteristics

and hospital admission for sepsis. Variables were not

individually screened for inclusion in the multivariable

models; all Census variables considered important a priori

were entered into the model. Variables were not eliminated

from the model if they were found to be non-significant.

Initially sex-specific models were constructed but showed

very similar patterns of associations among men and

women, so sex was included as a covariate in the models. A

model with interaction terms between age and Census

characteristics found strong evidence of effect modification

by age, and as a result three age-specific models were run:

model 1 for 18–34 yr old; model 2 for 35–64 yr old; and

model 3 for 65 yr and older. The age groups were chosen to

enable the clinical interpretability of the results. A detailed

description of the other variables included in the models

can be found in eTable 2 (available as ESM).

Multivariable-adjusted age-specific mortality rates were

also calculated for patients hospitalized with and without a

sepsis diagnosis. These models were adjusted for additional

socio-demographic and clinical variables including sex,

income, education, marital status, visible minority status,

Indigenous status, immigrant status, difficulties with

activities of daily living, labour force participation,

Charlson score, severe sepsis status, and special care unit

stay.

In the present study, all estimates were calculated using

the Census weights. The long-form Census is a 20%

sample of the Canadian population and as such may be

subject to sampling error, therefore use of the Census

weights is recommended for analyses of these data. Using

the Census weights allows us to make inferences about the

Canadian population by compensating for unequal

probabilities of sampling and non-response and adjusting

the weighted sample distributions for key variables of

interest (for example age, sex, and geography) to make it

conform to a known population distribution.31,32 The

Census weights were not adjusted for linkage eligibility.

All analyses were conducted using SAS 9.3 (SAS Institute,

Cary, NC, USA) and Stata 13 (StataCorp, College Station,

TX, USA).

123

Hospitalization for sepsis in Canada 411



Results

Creating the population-based cohort

Of the 4,652,700 individuals that had a completed 2006

long-form Canadian Census and were linked to the DAD,

3,433,900 individuals remained in our population-based

cohort after excluding Census and hospitalization records

in individuals less than 18 yr of age, hospitalizations

occurring outside the study period, hospitalizations for

births, and non-unique hospitalizations. Of the 3,433,900

individuals aged 18 yr and older, 10,400 were hospitalized

with sepsis between 2006/2007 and 2008/2009 (see the

eFigure available as ESM).

Socio-demographic and clinical characteristics

These respondents represented a weighted count of

approximately 49,000 Canadians from all provinces and

territories in Canada, excluding Quebec. Forty-four percent

of patients admitted to hospital with sepsis were women

compared with 52.71% admitted to hospital for all other

reasons (excluding birth-related admissions). The median

age of patients admitted with sepsis was 68 yr compared

with 60 yr for patients admitted for other reasons. Further

socio-demographic and clinical characteristics of

respondents admitted to hospital with and without sepsis,

as well the overall population-based cohort, are detailed in

Table 1 and eTable 3 (available as ESM).

Rates of sepsis hospitalization per 100,000 population

The overall average annual age-standardized rate of sepsis

hospitalization in Canada was 96 cases per 100,000

population in the years 2006/2007–2008/2009. Severe

sepsis cases comprised almost 40% of those cases with

an average annual rate of 37 cases/100,000 population.

Overall, rates of sepsis hospitalization increased with age

and were higher among men than women, while age-

standardized rates varied across Census characteristics;

notably, rates increased with decreasing income quintile

and lower level of education. Sepsis hospitalization rates

were higher among Indigenous individuals, as well as those

reporting functional limitations and those not in the labour

force (Table 2).

Census characteristics associated with sepsis

hospitalization

The association between Census characteristics and sepsis

hospitalization was examined in a series of multivariable

models. Sex-specific models showed very similar patterns

of associations among men and women, and therefore were

not presented separately; however, sex was included as a

covariate. A model with interaction terms between age and

Census characteristics found strong evidence of effect

modification by age, and as a result three age-specific

models were run; model 1 for 18–34 yr old; model 2 for

35–64 yr old; and model 3 for 65 yr and older. Within all

the age-specific models, the term for age continued to be

statistically significant, indicating that with increasing age

the odds of being hospitalized with sepsis increased. In all

three age-specific models, men were more likely than

women to be hospitalized for sepsis, with the strongest

association observed in model 3 (C 65 yr; odds ratio, 1.52;

95% CI, 1.48 to 1.56) (Table 3).

In terms of Census characteristics, different associations

emerged as statistically significant by age group. Among

18–34 yr olds, marital status, visible minority status,

having functional limitations, and not being in the labour

force were all factors associated with an increased odds of

sepsis hospitalization (Table 3). Among 35–64 year olds,

the same factors, in addition to income, education,

Indigenous identity, and living in an urban location were

associated with an increased odds of sepsis hospitalization

(Table 3). In the oldest age group, all Census variables

except income were associated with an increased odds of

sepsis hospitalization (Table 3). Notably, being a member

of a visible minority and having functional limitations had

a significant impact on the odds of sepsis hospitalization in

all three models with the effect size attenuated with

increasing age. A similar pattern was seen for employment.

Length of stay and hospital outcomes among sepsis

and non-sepsis patients

Patients hospitalized with sepsis were more often admitted

to special care units (45.61% vs 11.97%) and had longer

median lengths of stay in both special care units (5.42 vs

2.08 days) and hospital (10 vs 3 days) (Table 4).

Among patients hospitalized with sepsis, there were

3,200 deaths in hospital, representing a weighted count of

15,665 (95% CI, 15,064 to 16,265) deaths across Canada,

except Quebec. The estimated overall crude hospital

mortality rate among those hospitalized with sepsis was

31.95% (95% CI, 31.54 to 32.37), compared with 3.03%

(95% CI, 3.00 to 3.05) for those hospitalized for all other

reasons (excluding birth-related admissions) (see Table 4).

Crude mortality rates varied by age group, from 9.48%

(95% CI, 6.42 to 13.79) among patients aged 18–34 yr to

39.31% (95% CI, 37.94 to 40.72) in patients aged 65 yr and

older (Table 4). Multivariable adjusted mortality rates by

age group are presented in eTable 4 (available as ESM) for

comparison.
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Table 1 A summary of socio-demographic and clinical

characteristics of 2006 long-form Census respondents hospitalized

for sepsis, compared with those hospitalized for other reasons, as well

as the overall population-based cohort (including those not

hospitalized), 2006 Census-Discharge Abstract Database study

cohort, Canada excluding Quebec, 2006/2007 through 2008/2009

Variable Sepsis hospitalizations

(n=10,400 individuals)

Non-sepsis hospitalizations

(n=406,000 individuals)

Overall population-based cohort

(n=3,433,900 individuals)

Socio-demographic characteristics

Weighted count (‘000)

(95% CI)

49.02 (47.90 to 50.07) 1,944.57 (1,941.31 to 1,947.83) 16,869.00 (16,859.68 to 16,873.18)

Sex (female), % (95% CI) 44.04 (42.97 to 45.12) 52.71 (52.54 to 52.88) 50.13 (50.07 to 50.19) P\0.001*

Age, mean (95% CI) 65.74 (65.39 to 66.08) 58.88 (58.82 to 58.95) 46.80 (46.78 to 46.82) P\0.001

Age, median [IQR] 68 [56–78] 60 [46–74] 46 [33–58]

Income, % (95% CI)

Quintile 1 (lowest) 19.63 (18.79 to 20.51) 17.16 (17.03 to 17.29) 16.02 (15.97 to 16.06) P\0.001

Quintile 5 (highest) 15.13 (14.36 to 15.93) 18.54 (18.41 to 18.67) 22.82 (22.77 to 22.87) P\0.001

Education, % (95% CI)

Did not graduate from high

school

37.46 (36.42 to 38.52) 30.23 (30.07 to 30.39) 19.65 (19.61 to 19.70) P\0.001

Marital status, % (95% CI)

Never married 11.99 (11.29 to 12.73) 15.08 (14.59 to 15.20) 28.24 (28.19 to 28.30) P\0.001

Visible minority group, % (95% CI)

Not a visible minority 84.66 (83.87 to 85.43) 86.68 (86.56 to 86.79) 86.63 (86.51 to 86.74) P\0.001

Indigenous identity�, % (95% CI)

Any Indigenous identity 4.95 (4.55 to 5.38) 4.11 (4.05 to 4.17) 3.47 (3.45 to 3.49) P\0.001

Immigrant status, % (95% CI)

Immigrant 29.79 (28.79 to 30.81) 24.76 (24.61 to 24.91) 24.88 (24.73 to 25.03) P\0.001

Functional limitations, % (95% CI)

Often 31.84 (30.83 to 32.85) 18.48 (18.34 to 18.61) 18.80 (18.67 to 18.94) P\0.001

Employment, % (95% CI)

Not in the labour force 72.02 (71.02 to 72.98) 53.96 (53.78 to 54.13) 54.40 (54.23 to 54.57) P\0.001

Living in an urban location, % (95% CI)

Urban 79.84 (78.97 to 80.68) 76.30 (76.15 to 76.45) 80.84 (80.80 to 80.89) P\0.001

Clinical characteristics

Charlson score category, % (95% CI)

0 31.62 (30.61 to 32.64) 71.48 (71.32 to 71.63) 96.51 (96.49 to 96.53) P\0.001

1–2 17.26 (16.46 to 18.09) 12.63 (12.52 to 12.74) 1.50 (1.49 to 1.52) P\0.001

C3 51.12 (50.04 to 52.21) 15.89 (15.77 to 16.02) 1.98 (1.96 to 1.99) P\0.001

Severe sepsis, % (95% CI) 39.09 (38.05 to 40.16) n/a n/a n/a

Count of organ systems failing, % (95% CI)

0 60.90 (59.84 to 61.95) n/a n/a n/a

1 24.52 (23.60 to 25.47) n/a n/a n/a

2 10.55 (9.90 to 11.23) n/a n/a n/a

3? 4.02 (3.63 to 4.46) n/a n/a n/a

Any of the selected

procedures¥, % (95% CI)

34.62 (33.59 to 35.66) n/a n/a n/a

* Indicates significance testing between sepsis hospitalization and non-sepsis hospitalization group, the population-based cohort is described for

comparison only; � The 2006 Census gathered information on whether a person identified with the Aboriginal peoples of Canada. In this

document, the term ‘‘Indigenous’’ is used in place of ‘‘Aboriginal’’;¥ Included mechanical ventilation, tracheostomy, dialysis, endoscopy, and

heart resuscitation—see eTable 3 (available as ESM)

CI = confidence interval, IQR = interquartile range
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Table 2 Crude and age-standardized rates of sepsis per 100,000 population by Census characteristics, 2006 Census-Discharge Abstract

Database study cohort, Canada excluding Quebec, 2006/2007 through 2008/2009

Variable Crude average annual rate of sepsis

hospitalization, per 100,000 population

(95% CI)

Age-standardized average annual rate of sepsis

hospitalization, per 100,000 population (95% CI)

Overall sepsis rate 97 (96 to 98) 96 (95 to 97)

Severe sepsis rate 38 (37 to 38) 37 (37 to 38)

Sex

Female 85 (84 to 86) 79 (78 to 80) P\ 0.001�

Male 109 (107 to 110) 118 (116 to 119) ref

Age group

18–34 15 (14 to 16) n/a

35–44 29 (28 to 30) n/a

45–54 56 (54 to 57) n/a

55–64 128 (125 to 130) n/a

65–74 248 (243 to 252) n/a

75–84 413 (406 to 421) n/a

85 and older 506 (491 to 521) n/a

Income

Quintile 1 (lowest) 119 (116 to 121) 126 (124 to 129) P\ 0.001

Quintile 2 131 (129 to 133) 105 (103 to 107) P\ 0.001

Quintile 3 103 (101 to 105) 98 (96 to 100) P\ 0.001

Quintile 4 79 (77 to 80) 87 (85 to 89) P\ 0.001

Quintile 5 (highest) 64 (63 to 66) 79 (77 to 81) ref

Education

Did not graduate from high

school

185 (182 to 187) 121 (119 to 123) P\ 0.001

Graduated from high school

and more

75 (74 to 76) 89 (88 to 90) ref

Marital status

Never married 41 (40 to 42) 115 (110 to 118) P\ 0.001

Married 119 (118 to 120) 94 (93 to 95) ref

Visible minority groups

Not a visible minority 103 (102 to 104) 96 (95 to 97) ref

Chinese 54 (51 to 57) 64 (61 to 68) P\ 0.001

South Asian 67 (63 to 70) 93 (88 to 98) P=0.26

Black 65 (60 to 70) 95 (87 to 102) P=0.77

Korean, Filipino, Japanese,

Southeast Asian, Arab, West

Asian

59 (56 to 62) 92 (87 to 98) P=0.22

Other 107 (103 to 111) 150 (143 to 156) P\ 0.001

Indigenous identity�

Yes 138 (133 to 144) 183 (175 to 190) P\ 0.001

No 95 (94 to 96) 94 (93 to 94) ref

Immigrant status

Yes 104 (102 to 105) 88 (87 to 89) P\ 0.001

No 94 (93 to 95) 100 (98 to 101) ref

Functional limitations

None 50 (49 to 51) 64 (63 to 65) ref

Sometimes 243 (238 to 248) 144 (141 to 148) P\ 0.001

Often 447 (440 to 454) 291 (285 to 298) P\ 0.001
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Discussion

We identified more than 10,000 patients aged 18 yr and

older who were admitted to hospital with sepsis between

fiscal years 2006/2007 and 2008/2009 (excluding Quebec),

who were successfully linked to the 2006 long-form

Canadian Census. This sample represented a weighted

count of approximately 49,000 Canadians from all

provinces and territories, excluding Quebec. The overall

average annual age-standardized rate of sepsis

hospitalization was 96 cases/100,000 population; of these

almost 40%, or 37 cases/100,000 population, were

classified as severe sepsis. The association of Census

characteristics with sepsis hospitalization varied with age.

In age-specific hospital admission models several

characteristics were consistently associated with an

increased odds of hospital admission with sepsis

including increasing age, male sex, never being married,

visible minority status, having functional limitations, and

not being in the labour force. This study also showed that

sepsis remains a considerable burden for individual

patients and the healthcare system, with in-hospital

mortality rates among patients admitted with sepsis

approximately ten-times higher than for those admitted

for all other reasons (except for birth-related admissions).

Census variables identified as risk factors for admission

with sepsis in this analysis, would not otherwise have been

identified, given the limited socio-demographic

information available in administrative data sets. The

breadth of the data collected in the Census allows for

analysis across multiple social determinants of health,

enabling the identification of risk factors and risk groups in

which to target future primary and secondary sepsis

prevention strategies.20 These findings lend support to the

importance of variables measured in Census data (linked to

hospitalization data), not only for population health

surveillance of chronic conditions, but also for their

potential importance in the surveillance of acute life-

threatening critical illnesses like sepsis.

Our findings in relation to overall and severe sepsis rates

are consistent with those produced by CIHI and Husak

et al.,3,4 using the full DAD (excluding Quebec) over the

same time period. Nevertheless, in a recent meta-analysis

Fleischmann et al. found considerably higher rates of

sepsis and severe sepsis in seven high-income countries

(not including Canada).2 This can be explained by

differences in study design, in particular the methods

used to ascertain cases of sepsis/severe sepsis. Fleischmann

noted that studies included in their meta-analysis used both

clinical criteria and ICD9/10 code-based criteria to identify

cases.2 This led to considerable heterogeneity in the

estimates, which was also highlighted recently by both

Jolley et al. and Mariansdatter et al.11,33 Both authors noted

that, even in code-based analyses, ICD-9/10 coding

schemes varied from study to study.11,33 The World

Health Assembly also emphasized the issue of ICD

coding by urging stakeholders ‘‘to apply and improve the

use of the International Classification of Diseases system to

establish the prevalence and profile of sepsis…’’.10 While

an expanded ICD-10 definition of sepsis has been

developed in Canada,12 we wanted to benchmark our

findings to those of CIHI and Husak et al.,3,4 as a validation

of the Census-linked data. The benefit of the Census-linked

data is that they can be used in combination with evolving

ICD-10 (or future ICD versions) code-based definitions of

sepsis. Indeed, the ICD-11 coding scheme has been

developed by the WHO with the aim of providing far

more granular information compared with the ICD-10,34

and will presumably improve case ascertainment of sepsis.

Table 2 continued

Variable Crude average annual rate of sepsis

hospitalization, per 100,000 population

(95% CI)

Age-standardized average annual rate of sepsis

hospitalization, per 100,000 population (95% CI)

Employment

Employed 39 (38 to 39) 72 (70 to 75) ref

Not employed 48 (45 to 51) 116 (102 to 131) P\ 0.001

Not in the labour force 225 (222 to 227) 135 (134 to 137) P\ 0.001

Living in an urban location

Yes 95 (94 to 96) 96 (95 to 97) P=0.78

No 102 (99 to 104) 97 (95 to 98) ref

* Indicates significance testing within the categories of age-standardized rates, P values for variables with multiple categories were corrected

using the Bonferroni adjustment; ref indicates the comparison group; �the original variable was dichotomized to Indigenous identity vs no

Indigenous identity for the calculation of rates and multivariable modelling because the sample size in some cells was too small to allow for

reliable estimates

CI = confidence interval. These data were age-standardized to the 2006 Canadian standard population
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Benchmarking against previous national estimates, our

analysis showed that the rates of sepsis varied by Census

characteristics beyond age and sex. These characteristics

were further investigated in age-stratified multivariable

logistic models, and the association we found between

visible minority status and sepsis hospitalization can be

compared with several other studies that have examined

sepsis incidence by ethnicity and race in the United

States.28,35,36 Both Dombrovskiy et al. and Martin et al.

reported variation in the incidence of sepsis hospitalization,

with rates among non-whites almost double those of whites

in population-based studies.28,35 A population-based study

by Barnato et al. obtained mixed findings in relation to

race; they found that black race was associated with higher

incidence of sepsis, whereas Hispanic ethnicity was

associated with lower incidence after adjustment for area-

level poverty and rurality.36 In contrast, Moore et al.37

showed that the odds of first sepsis incidence was similar

between black and white participants in the REasons for

Table 3 Socio-demographic factors associated with sepsis hospi-

talization compared with hospitalization for other reasons. Age-

stratified logistic multivariable adjusted regression models, 2006

Census-Discharge Abstract Database study cohort, Canada excluding

Quebec, 2006/2007 through 2008/2009

Characteristic Model 1: Age strata 18–34 yr

odds ratio (95% CI)

Model 2: Age strata 35–64 yr

odds ratio (95% CI)

Model 3: Age strata 65 yr and older

odds ratio (95% CI)

Age (continuous) 1.019 (1.008 to 1.029)* 1.027 (1.025 to 1.029)* 1.002 (1.001 to 1.004)*

Sex

Male 1.10 (1.01 to 1.20)* 1.40 (1.36 to 1.44)* 1.52 (1.48 to 1.56)*

Female ref ref ref

Income

Quintile 1 (lowest) 0.97 (0.87 to 1.08) 1.15 (1.11 to 1.19)* 1.02 (0.99 to 1.06)

Quintile 2–5 ref ref ref

Education

Did not graduate from high school 1.02 (0.91 to 1.14) 1.06 (1.03 to 1.10)* 1.08 (1.05 to 1.10)*

Graduated from high school and more ref ref ref

Marital status

Never married 1.24 (1.10 to 1.39)* 1.33 (1.27 to 1.38)* 1.13 (1.07 to 1.20)*

Married ref ref ref

Self-reported visible minority status

Not a visible minority ref ref ref

Visible minority 1.66 (1.43 to 1.93)* 1.26 (1.19 to 1.34)* 1.25 (1.19 to 1.31)*

Indigenous identity�

No ref ref ref

Yes 1.08 (0.89 to 1.30) 1.22 (1.13 to 1.32)* 1.12 (1.02 to 1.23)*

Immigrant status

No ref ref ref

Yes 1.04 (0.89 to 1.22) 1.00 (0.96 to 1.05) 1.15 (1.11 to 1.18)*

Functional limitations

No ref ref ref

Yes 2.80 (2.51 to 3.12)* 1.73 (1.67 to 1.78)* 1.42 (1.38 to 1.45)*

Employment

In the labour force ref ref ref

Not in the labour force 1.76 (1.59 to 1.94)* 1.48 (1.43 to 1.53)* 1.13 (1.08 to 1.19)*

Living in an urban location

No ref ref ref

Yes 0.89 (0.81 to 1.00) 1.20 (1.16 to 1.25)* 1.22 (1.18 to 1.26)*

*Denotes a statistically significant result compared with the reference category. �The original variable was dichotomized to Indigenous identity

vs no Indigenous identity for the calculation of rates and multivariable modelling because the sample size in some cells was too small to allow for

reliable estimates

CI = confidence interval; ref = reference category
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Geographic And Racial Differences in Stroke (REGARDS)

cohort study.

In this study, employment, education, and income (albeit

among 35–64 yr olds only), were also associated with an

increased odds of hospitalization for sepsis. These findings

are very similar to those of Storm et al.,38 who found, in a

small Danish case-control study, that individuals with lower

levels of education and those not in the labour force had

significantly higher risks of intensive care unit admission for

sepsis. As well, these findings are indirectly supported by

those of Moore et al.,15 who showed that sepsis mortality was

clustered in three major regions in the southern United

States, which were more likely to have lower education

levels, higher poverty levels, higher unemployment rates,

and a high proportion of medically uninsured individuals.

More recently, Donnelly et al.39 showed, with mediation

analysis, that physical weakness, individual income, and

comorbid diabetes may partially explain differential

infection risks by neighbourhood socioeconomic status in

the United States.

The association of Indigenous identity with increased

odds of sepsis hospitalization in two of our age-specific

models is consistent with findings by Carrière et al.18,40

who reported overall higher rates of hospitalization for all

causes among those of Indigenous identity in Canada,

using the same data source as our study. These authors

noted that inequalities in social determinants of health may

influence hospitalization rate disparities, because in many

First Nations communities, municipal infrastructure is

inadequate41; educational and employment opportunities

are limited; and the prevalence of low income is high.42 As

well, other Canadian studies have shown that both the

incidence of critical illness in general, as well as severe

trauma and injury are higher among Indigenous

Canadians.43–46 Similarly in Australia, Davis et al.47 have

shown higher rates of sepsis incidence, but lower mortality

rates among Indigenous Australians in the tropical

Northern Territories.

The results of this study, combined with the existing

literature discussed above, indicate that socio-demographic

characteristics, in addition to already established risk

factors, are important determinants of sepsis incidence

and hospitalization. These results are relevant for policy

makers interested in developing data sources for sepsis

Table 4 Hospital length of stay and outcomes of 2006 long-form Census respondents hospitalized for sepsis compared with those hospitalized

for other reasons, 2006 Census-Discharge Abstract Database study cohort, Canada excluding Quebec, 2006/2007 through 2008/2009

Variable Sepsis hospitalizations (n = 10,400

individuals)

Non-sepsis hospitalizations (n = 406,000

individuals)

Mortality

Hospital mortality counts� 3,200 11,800

Hospital mortality counts, weighted count

(95% CI)

15,665 (15,064 to 16,265) 58,997 (57,839 to 60,154)

Crude hospital mortality rate, % (95% CI) 31.95 (31.54 to 32.37) 3.03 (3.00 to 3.05) P\ 0.001*

Age-specific hospital mortality rate, % (95% CI)

18–34 yr 9.48 (6.42 to 13.79) 0.31 (0.25 to 0.37) P\ 0.001

25–64 yr 23.21 (21.76 to 24.73) 1.20 (1.15 to 1.26) P\ 0.001

65 yr and older 39.31 (37.94 to 40.72) 5.82 (5.69 to 5.94) P\ 0.001

Discharge disposition

Discharge disposition among patients discharged alive, % (95% CI)

Home 50.08 (49.54 to 50.62) 78.04 (77.89 to 78.19) P\ 0.001

Home with services 20.54 (20.11 to 20.98) 10.71 (10.59 to 10.82) P\ 0.001

Acute care/other facility 17.47 (17.07 to 17.88) 5.74 (5.66 to 5.82) P\ 0.001

Long-term care 11.09 (10.76 to 11.44) 4.68 (4.61 to 4.75) P\ 0.001

Other 0.80 (0.71 to 0.90) 0.83 (0.79 to 0.86) P = 0.82

Special care unit admission and length of stay

Admitted to a special care unit, % (95%

CI)

45.61 (44.53 to 46.68) 11.97 (11.85 to 12.07) P\ 0.001

Special care unit length of stay, median

[IQR]

5.42 [2.08–12.66] 2.08 [1.04–4.04]

Hospital length of stay, median [IQR] 10 [4–23] 3 [2–6]

* Indicates significance testing between sepsis hospitalization and non-sepsis hospitalization group; �Unweighted counts were rounded to the

nearest hundred

CI = confidence interval, IQR = interquartile range
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surveillance as well as clinicians interested in addressing

the distal determinants of sepsis and approaching sepsis as

a preventable public health problem.20 This means

conceptualizing sepsis as a problem that can be treated

with population and system-based solutions, such as those

suggested by Kempker et al., including management of risk

factors, appropriate antibiotic prophylaxis, public

awareness, hygiene, and immunization.20

Limitations

This study should be considered in the context of its

limitations. The ascertainment of socio-demographic

variables in the Census is cross-sectional. While the

study period was relatively short, is it possible that

individuals’ socio-demographic information changed

between Census day and the date of hospitalization.

Validation of the linked files used in this study showed

that not all hospitalizations were represented.17 In

particular, there was lower coverage of some populations,

for instance among 15–24 yr olds, those living in the

territories, and Indigenous populations, which may lead to

under ascertainment of sepsis in these groups. As well, all

Indigenous identities were grouped for analysis because of

small sample sizes. This grouping may mask important

differences between distinct groups of Indigenous people.

Hospitalization data were not available for the province

of Quebec, which is the second most populous province in

Canada. As well, the institutionalized population is not

represented in the Census. Although the Census data are

from 2006, it was the most recent Census-linked file

available at the time of analysis; it is unlikely that the

results would differ if more recent Census data were

available because socio-demographic characteristics, as

well as interrelationships between socio-demographic

characteristics and health outcomes, are relatively

stable over short periods of time. Nevertheless, it is

possible that the case-mix of patients admitted to Canadian

hospitals has changed over time. In addition, the accuracy

of sepsis coding in the hospital administrative data may

have changed because of increasing public and

professional awareness of sepsis. Future analyses could

take advantage of additional population-based data as well

as electronic health record data that are becoming available

for linkage, for future surveillance of sepsis and other

critical illnesses.

Conclusions

Using linked population-based data, we were able to

identify a large sample of Canadians who are hospitalized

for sepsis. This data source affords a unique opportunity to

examine in more detail the socio-demographic

characteristics of patients admitted to hospital with

sepsis. Such data could be helpful for epidemiological

surveillance, as well as primary prevention, and can be

used in combination with evolving administrative data

definitions of sepsis.
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