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Abstract

Introduction: Patterns of multimorbidity, the co-occurrence of two or more chronic

diseases, may not be constant across populations. Our study objectives were to compare

prevalence estimates of multimorbidity in the Aboriginal population in Canada and a

matched non-Aboriginal Caucasian population and identify the chronic diseases that

cluster in these groups.

Methods: We used data from the 2005 Canadian Community Health Survey (CCHS) to

identify adult (§ 18 years) respondents who self-identified as Aboriginal or non-

Aboriginal Caucasian origin and reported having 2 or more of the 15 most prevalent

chronic conditions measured in the CCHS. Aboriginal respondents who met these

criteria were matched on sex and age to non-Aboriginal Caucasian respondents.

Analyses were stratified by age (18–54 years and § 55 years). Prevalence was estimated

using survey weights. Latent class analysis (LCA) was used to identify disease clusters.

Results: A total of 1642 Aboriginal respondents were matched to the same number of

non-Aboriginal Caucasian respondents. Overall, 38.9% (95% CI: 36.5%–41.3%) of

Aboriginal respondents had two or more chronic conditions compared to 30.7% (95%

CI: 28.9%–32.6%) of non-Aboriginal respondents. Comparisons of LCA results revealed

that three or four clusters provided the best fit to the data. There were similarities in the

diseases that tended to co-occur amongst older groups in both populations, but

differences existed between the populations amongst the younger groups.

Conclusion: We found a small group of younger Aboriginal respondents who had

complex co-occurring chronic diseases; these individuals may especially benefit from

disease management programs.
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Introduction

Multimorbidity, the co-occurrence of two

or more chronic diseases where one is not

necessarily more central than the others,1

is associated with increased health care

utilization and decreased quality of life.2-4

Unlike comorbidity, where there is an

index (i.e. primary) condition of interest,

multimorbidity has no index condition.

Prevalence of multimorbidity is known to

vary with risk factors such as gender,1

age,2 socioeconomic status,5,6 and ethni-

city.7 Countries with socioculturally

diverse populations may therefore face

unique challenges in providing care for

multimorbidity.8

Identifying co-occurring chronic diseases

can contribute to improved care manage-

ment strategies for multimorbid patients

in risk groups. While some studies have

taken the approach of reporting on the

prevalence of specific combinations of

diseases, a number of studies have used

clustering techniques, such as cluster

analysis, to examine patterns of multi-

morbidity.9-13 Latent class analysis (LCA),

a technique that can be used to identify

groups of related diseases (i.e. latent

classes) has, to the best of our knowledge,

not been applied to examine patterns of

multimorbidity in different populations,

although it has been used in other studies

of chronic diseases.14 LCA is recom-

mended over conventional clustering

methods because it uses probability-based

classification methods and provides var-

ious diagnostic tests that can be useful in

determining the optimal number of

classes.15

Few studies have explored the prevalence

of co-occurring chronic diseases in differ-

ent risk groups within the population.

Schafer et al.9 compared chronic disease

clusters in senior male and female German

populations and found three disease clus-

ters in both groups but differences in the

chronic disease cluster compositions. For

example, women in one cluster showed

relatively more pre-terminal conditions

such as chronic ischemic heart disease

and renal insufficiency.

Prevalence of chronic diseases has been

increasing in the Aboriginal population

(which comprises First Nations, Métis and

Inuit peoples).16 The potential for increas-

ing rates of multimorbidity is of concern.

However, to date no studies have exam-

ined prevalence rates in this population,

or whether the chronic diseases that tend

to cluster differ between Aboriginal and
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non-Aboriginal populations. For example,

diabetes prevalence, which is increasing

more rapidly in Aboriginal than in non-

Aboriginal populations in Canada,17 might

result in clusters of associated co-occur-

ring conditions such as renal disease and

cardiovascular disease.

Our objectives were (1) to estimate pre-

valence of multimorbidity among the

Aboriginal population in Canada and

compare this prevalence to the estimate

for a matched non-Aboriginal Caucasian

population, and (2) to compare the clus-

ters of chronic diseases that co-occur in

these two groups across two age groups.

Methods

Study population and variables

Study data were from the 2005 Canadian

Community Health Survey (CCHS) Cycle

3.1, conducted by Statistics Canada.18 The

CCHS is a cross-sectional, population-

based survey intended to provide informa-

tion on health determinants, health status

and health care system utilization for 122

health regions in Canada. The survey was

conducted every 2 years from 2001 to

2005 and annually since 2007. Cycle 3.1

was selected for this study because, when

compared to Cycle 4.1, it has a sufficiently

large number of Aboriginal respondents to

enable use of LCA techniques in the

analyses for younger and older age

groups. The target population for the

CCHS Cycle 3.1 was individuals aged 12

years or older living in private dwellings

in Canada’s provinces and territories. The

CCHS adopts a multistage, stratified clus-

ter design to select eligible individuals and

their households (n = 132 221; response

rate = 92.9%). Excluded from the CCHS

are institutionalized individuals, residents

of First Nations reserves and full-time

members of the Canadian Forces.

The study inclusion criteria were (1) 18

years of age or older, to focus on the adult

population, (2) self-identification as either

an Aboriginal person or a non-Aboriginal

Caucasian, and (3) reporting at least 2 of

the 15 most prevalent chronic diseases in

the CCHS Cycle 3.1. We identified the

Aboriginal population based on the

derived variable provided in CCHS Cycle

3.1, which combines information from

two variations of one question. The

question used prior to June 2005 has the

following preamble: ‘‘People living in

Canada come from many different cultural

and racial backgrounds.’’ We identified

respondents as Aboriginal if they

responded ‘‘yes’’ to the question that

followed: ‘‘Are you Aboriginal (North

American Indian, Métis, Inuit)?’’ As of

June 2005, the question used to identify

Aboriginal respondents was changed to

‘‘Are you an Aboriginal person, that is,

North American Indian, Métis or Inuit?’’

The non-Aboriginal Caucasian population

was identified based on a similarly con-

structed derived variable provided in

CCHS Cycle 3.1.19

We undertook a one-to-one match

between the Aboriginal respondents who

met the study inclusion criteria and their

non-Aboriginal Caucasian counterparts

using sex and age (in 5-year bands) as

the matching criteria. Each Aboriginal

respondent was successfully matched to

a non-Aboriginal Caucasian respondent.

In cases where there were more than

one qualified non-Aboriginal Caucasian

respondents for a match to an Aboriginal

respondent, the matched pair was selected

at random. One-to-many matching would

be advantageous if there was a substan-

tially lower prevalence of one or more

chronic conditions in the non-Aboriginal

Caucasian population in order to ensure

adequate precision of these prevalence

estimates. However, there were no sub-

stantial differences in prevalence between

the two groups in our study. Although

discarding individuals in the matching

process to achieve a one-to-one match

will result in a smaller sample size, this

does not necessarily lead to increases in

the sampling variance of estimates.

Matching generally improves balance in

the covariate distribution, which can

decrease the variance of estimators.20

Matching was undertaken to ensure com-

parability of the groups on 2 demographic

variables, which are known to be asso-

ciated with chronic disease prevalence

(age and sex). The respondents were

subsequently stratified into a younger

age group (i.e. 18 to 54 years) and older

age group (i.e. 55 years or older). The

purpose of this stratification was to

explore the differences, if any, in disease

clustering between younger and older age

groups in each population.

Only those health conditions that had at

least 5% prevalence in both the Aboriginal

and matched non-Aboriginal Caucasian

populations, based on weighted preva-

lence estimates, were selected for investi-

gating chronic disease clusters. The CCHS

questions about chronic disease are pre-

faced with the following preamble ‘‘Now

I’d like to ask about certain chronic health

conditions which you may have. We are

interested in ‘long-term conditions’ which

are expected to last or have already lasted

6 months or more and that have been

diagnosed by a health professional.’’

Respondents were then asked by the

interviewer if they had the identified

disease(s).19 We coded the responses

relating to each disease as yes or no. All

other responses (i.e. not sure, no

response) were treated as missing values.

The 15 chronic diseases included in this

study were asthma, arthritis or rheuma-

tism, anxiety or mental disorders, back

problems, bowel disease, cataracts, dia-

betes, emphysema or bronchitis or chronic

obstructive pulmonary disease (COPD),

food allergies, heart disease, high blood

pressure, incontinence, migraine, thyroid

conditions, and ulcers. Multimorbidity

was defined as the presence of two or

more of these conditions.

Statistical analysis

Aboriginal and matched non-Aboriginal

Caucasian respondents were described on

age, sex and prevalence of each of the

15 above-mentioned chronic diseases.

Multimorbidity prevalence was estimated

along with 95% confidence intervals (CIs).

For the Aboriginal population, the

numerator of the prevalence estimate

was the number of Aboriginal respondents

who met the study inclusion criteria and

the denominator was the total number of

Aboriginal respondents aged 18 years or

older. For the non-Aboriginal Caucasian

population, the numerator was the num-

ber of matched non-Aboriginal Caucasian

respondents who met the study inclusion

criteria and the denominator was the total

number of non-Aboriginal Caucasian

respondents aged 18 years or older who
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met the matching criteria. Prevalence

estimates were expressed as percentages.

LCA was applied separately to the data for

the younger and older Aboriginal and

matched non-Aboriginal Caucasian respon-

dents. LCA assumes that each individual in

the study belongs to one of a set of mutually

exclusive and exhaustive classes.21 We

calculated class membership probabilities,

which are estimates of the proportion of

respondents belonging to each latent class,

and item response probabilities (presence

of a disease) conditional on class member-

ship, which are estimates of the prevalence

of the chronic diseases for each of the latent

classes.21 These item response probabilities

are used to characterize latent classes in a

similar way to the use of factor loadings to

characterize factors in factor analysis. We

interpreted item response probabilities of

0.4 or greater as indicative of an association

between the item and the corresponding

latent class, which is consistent with pre-

vious factor analysis studies about multi-

morbidity patterns that have used factor

loading cut-offs of 0.4.22

We fitted models to the data using between

two and seven classes, to determine the

optimal number of classes. The Akaike

Information Criterion (AIC)23 and the

Bayesian-Schwarz Information Criterion

(BIC),24 which are penalized measures of

the likelihood function, were used to guide

the selection of the final number of classes

(Figure 1).25 A smaller AIC and BIC for a

particular model suggests that it is prefer-

able on the basis of the trade-off between fit

and parsimony.

Measurement invariance was tested

between the Aboriginal and matched

non-Aboriginal respondents. This was

done by first fitting a model in which the

parameters of the item responses were

freely estimated for both groups. A second

model was then fitted to the data in which

parameters were constrained to be equal

across groups. The difference in the like-

lihood ratio statistics for the two nested

models, G2, asymptotically follows a x2

distribution. The degrees of freedom (df)

for this difference statistic is equal to the

difference in degrees of freedom between

the two nested models. If the null hypoth-

esis of measurement invariance is

retained, then the identified classes are

assumed to be the same for both groups; if

the null hypothesis is rejected, then it is

recommended that separate classes be

estimated for the two groups.21 The tests

were conducted separately for the younger

and older populations. In each case, only

the optimal model(s) based on the fit

statistics and model interpretability results

were selected for testing measurement

invariance.

The analysis was implemented using

PROC LCA version 1.3.0 26 in SAS version

9.3.27 All analyses were conducted using

full sample weights. Permission to access

the data was granted by Statistics Canada.

Results

A total of 1642 Aboriginal respondents

(weighted n = 198 955) who met the study

inclusion criteria were matched to an equal

number of non-Aboriginal Caucasian

respondents (weighted n = 169 149).

Table 1 shows the age-stratified Aboriginal

and matched non-Aboriginal Caucasian

cohorts. The mean age (standard deviation

[SD]) of the younger (18–54 years)

Aboriginal cohort was 37.4 (17.8) years,

and 39.4% were male. The mean (SD) age

of the older (§ 55 years) Aboriginal cohort

was 64.8 (10.8) years, and 41.9% of them

were male. The age and sex distribution of

the non-Aboriginal study cohort were simi-

lar to those of the Aboriginal study cohort

because of the matching process.

In both the younger and older age groups,

the mean number of chronic conditions

was higher for the Aboriginal than for the

non-Aboriginal respondents. Back pro-

blems were the most prevalent condition

in both the younger Aboriginal (55.8%)

and non-Aboriginal study cohorts (50.8%).

For the older age group, arthritis/rheuma-

tism was the most prevalent condition in

both the Aboriginal (63.4%) and non-

Aboriginal (64.5%) study cohorts.

Overall, multimorbidity prevalence was

38.9% (95% CI: 36.5%–41.3%) in the

Aboriginal population compared with

30.7% (95% CI: 28.9%–32.6%) in the

non-Aboriginal population. The preva-

lence of multimorbidity was higher in the

older Aboriginal group (64.0%; 95% CI:

58.7%–69.2%) than the non-Aboriginal

group (58.3%; 95% CI: 53.7%–63.0%).

Similarly, multimorbidity prevalence was

higher in the younger Aboriginal (33.7%;

95% CI: 31.1%–36.2%) than the non-

FIGURE 1
Akaike Information Criteria and Bayesian-Schwarz Information Criteria values for latent class

analysis models in Aboriginal and matched non-Aboriginal Caucasian CCHS respondents
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Aboriginal groups (25.7%; 95% CI:

23.6%–27.7%) (data not shown).

The LCA model fit results are summarized

in Figure 1. While AIC values decreased

with an increase in the number of latent

classes in both populations and for the two

age groups, this was not the case for the

BIC, which began to increase (indicating

poorer fit) after three classes in both age

groups in the Aboriginal population, and in

the older age group of the non-Aboriginal

population. The BIC values began to

increase after four classes in the younger

non-Aboriginal group. Consequently, we

chose to compare the three-class and four-

class model solutions for both groups.

Among the younger respondents, the test

of measurement invariance between

Aboriginal and non-Aboriginal respondents

resulted in G2 = 192.6 (df = 45) for the 3-

class model (p < .0001) and G2 = 224.0 (df

= 60) for the 4-class model (p < .0001). For

the older respondents, the test for measure-

ment invariance between Aboriginals and

non-Aboriginals resulted in G2 = 189.6 (df

= 45) for the 3-class model (p < .0001) and

G2 = 182.3 (df = 60) for the 4-class model

(p < .0001). These results suggest that

measurement non-invariance exists in the

data, and therefore LCA model parameters

were estimated separately for Aboriginal

and non-Aboriginal respondents in each age

group.

Characteristics of the three-class model

Table 2 shows the class membership per-

centages and item response probabilities for

three classes. The first latent class consti-

tuted less than 12% of younger respondents

in both populations (5.8% for Aboriginal

and 11.9% for non-Aboriginal respon-

dents). The second class accounted for

almost one-fifth (18.3%) of younger

Aboriginal respondents. In the younger

matched non-Aboriginal group, the second

class accounted for more than one-quarter

(27.6%) of respondents. More than half

(52.7%) of the older Aboriginal respon-

dents belonged to the second class com-

pared to only 39.8% of the older non-

Aboriginal Caucasian respondents.

Younger group
For the three-class model in the younger

Aboriginal population, the first class had

high item-response probabilities on eight

of the chronic diseases, while the second

TABLE 1
Demographic and chronic disease characteristics of Aboriginal and matched non-Aboriginal Caucasian CCHS respondents by age groups

Variable Aboriginal (Weighted n = 198 955,
Unweighted n = 1642)

Matched Non-Aboriginal Caucasian
(Weighted n = 169 149, Unweighted n = 1642)

18–54 Years
(Weighted n = 142 206,
Unweighted n = 1034)

§ 55 Years
(Weighted n = 56 749,
Unweighted n = 608)

18–54 Years
(Weighted n = 121 627,
Unweighted n = 1016)

§ 55 Years
(Weighted n = 47 522,
Unweighted n = 626)

Mean (SD) age, years 37.4 (17.8) 64.8 (10.8) 37.3 (14.0) 64.7 (9.8)

Sex, %

Male 39.4 41.9 43.2 42.6

Female 60.6 58.1 56.8 57.4

Number of chronic diseases

Mean (SD) 3.1 (1.9) 3.4 (2.5) 2.7 (1.3) 3.2 (1.5)

Median 2.2 2.5 2.0 2.4

Individual chronic diseases, % (95% CI)

Anxiety/Mental disorders 33.5 (29.0–38.0) 14.0 (9.9–18.1) 25.2 (21.7–28.6) 13.8 (10.2–17.5)

Arthritis/Rheumatism 36.9 (32.2–41.5) 63.4 (56.2–70.6) 32.0 (28.0–36.0) 64.5 (59.4–69.5)

Asthma 25.4 (21.4–29.5) 16.8 (12.1–21.7) 24.6 (21.0–28.2) 11.0 (7.8–14.2)

Back problems 55.8 (51.1–60.6) 39.3 (32.2–46.4) 50.8 (46.6–55.1) 36.5 (31.3–41.7)

Bowel disease 12.8 (9.8–15.7) 8.1 (4.5–11.6) 14.6 (11.9–17.3) 12.3 (9.3–15.4)

Cataracts 3.8 (1.6–6.1) 18.6 (13.5–23.7) 0.9 (0.4–1.5) 13.6 (10.6–16.6)

Diabetes 7.6 (5.3–10.0) 27.0 (21.6–32.4) 5.7 (4.0–7.4) 25.3 (20.9–29.7)

Emphysema/Bronchitis/COPD 13.7 (10.6–16.8) 17.1 (11.2–22.9) 9.4 (6.6–12.1) 9.6 (6.9–12.3)

Food allergy 23.4 (19.2–27.6) 13.7 (9.3–18.2) 18.5 (15.2–21.8) 7.2 (5.0–9.5)

Heart disease 6.3 (4.2–8.5) 22.0 (16.9–27.0) 4.1 (2.6–5.5) 23.0 (18.5–27.5)

High blood pressure 21.8 (18.0–25.7) 50.1 (43.1–57.0) 20.8 (17.2–24.3) 64.4 (59.3–69.5)

Incontinence 7.3 (5.1–9.6) 11.3 (7.6–15.0) 3.9 (2.2–5.5) 9.0 (6.5–11.6)

Migraine 37.5 (33.0–41.9) 17.7 (10.8–24.5) 40.0 (35.6–44.3) 7.1 (4.7–9.5)

Thyroid condition 10.7 (7.3–14.1) 17.5 (12.6–22.4) 11.9 (9.2–14.6) 16.6 (12.8–20.4)

Ulcers 15.1 (11.7–18.6) 12.4 (7.7–17.1) 10.9 (8.4–13.4) 6.5 (4.4–8.7)

Abbreviations: CCHS, Canadian Community Health Survey; COPD, chronic obstructive pulmonary disease.

Note: Small differences in the sex and age distribution between the Aboriginal and matched non-Aboriginal Caucasian respondents were as a result of applying survey weights.
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class had high item-response probabilities

for high blood pressure, and the third class

had high item-response probabilities for

back problems. Among the younger non-

Aboriginal respondents, the first and

second classes had high item-response

probabilities for asthma and high blood

pressure, respectively. The third class had

high probabilities for both back problems

and migraine.

Older group
For the three-class model in the older

Aboriginal population, the first class had

high probabilities on five of the chronic

diseases, while the second class had high

probabilities for arthritis/rheumatism, dia-

betes and high blood pressure. The third

class had high probabilities for arthritis/

rheumatism and back problems. Arthritis/

rheumatism and high blood pressure had

the highest item response probabilities in

the first class among the older non-

Aboriginal respondents. The conditions

that had high item-response probabilities

in the second class of the older Aboriginal

respondents were the same for older non-

Aboriginal respondents (arthritis/rheuma-

tism, diabetes and high blood pressure).

The conditions with the highest probabil-

ities in the third class for older non-

Aboriginal respondents were arthritis/

rheumatism, back problems and high

blood pressure. Overall, the 3-class LCA

model results reveal that more chronic

conditions tended to cluster together in the

older age group in both Aboriginal and

non-Aboriginal populations than in the

younger age groups of both populations.

Characteristics of the four-class model

Younger group
The differences observed between the

younger Aboriginal and non-Aboriginal

age groups in the three-class model

persisted in the four-class model

(Table 3). In the Aboriginal group, the

size of the first latent class remained small

(6.0%) and the same diseases had high

item-response probabilities. The second

class comprised one-fifth of respondents

(21%) and had a high item-response

probability for high blood pressure. The

third class, which comprised almost two-

thirds (62.4%) of the respondents, had a

high item-response probability for back

problems. The fourth class had high item-

response probabilities for both back pro-

blems and ulcers. The first class in the

non-Aboriginal respondents was also

small (13.1%) and had a high item-

response probability for asthma. The

second and third classes in these respon-

dents had high blood pressure and

migraine as the only conditions with high

probabilities, respectively.

TABLE 2
Item response probabilities for three classes of chronic diseases in Aboriginal and matched

non-Aboriginal Caucasian CCHS respondents by age groups

Chronic disease 18–54 Years

Aboriginal Matched Non-Aboriginal
Caucasian

Class 1
(5.8%)

Class 2
(18.3%)

Class 3
(75.9%)

Class 1
(11.9%)

Class 2
(27.6%)

Class 3
(60.5%)

Anxiety/Mental disorders 0.678 0.189 0.344 0.230 0.168 0.294

Arthritis/Rheumatism 0.632 0.312 0.362 0.158 0.292 0.364

Asthma 0.510 0.063 0.281 1.000 0.183 0.127

Back problems 0.600 0.376 0.599 0.267 0.356 0.626

Bowel disease 0.189 0.080 0.135 0.144 0.062 0.184

Cataract 0.256 0.000 0.031 0.003 0.015 0.008

Diabetes 0.244 0.158 0.045 0.023 0.135 0.028

Emphysema/Bronchitis/COPD 0.541 0.008 0.138 0.203 0.058 0.089

Food allergy 0.181 0.167 0.254 0.356 0.096 0.192

Heart disease 0.436 0.080 0.031 0.000 0.128 0.009

High blood pressure 0.645 0.989 0.000 0.000 0.751 0.000

Incontinence 0.268 0.036 0.068 0.000 0.024 0.053

Migraine 0.608 0.248 0.387 0.055 0.290 0.518

Thyroid condition 0.116 0.070 0.115 0.050 0.110 0.137

Ulcers 0.515 0.078 0.142 0.053 0.124 0.114

Chronic disease § 55 Years

Aboriginal Matched Non-Aboriginal
Caucasian

Class 1
(14.7%)

Class 2
(52.7%)

Class 3
(32.6%)

Class 1
(31.4%)

Class 2
(39.8%)

Class 3
(28.8%)

Anxiety/Mental disorders 0.328 0.084 0.146 0.126 0.082 0.230

Arthritis/Rheumatism 0.931 0.591 0.575 0.734 0.546 0.683

Asthma 0.780 0.056 0.076 0.188 0.095 0.045

Back problems 0.608 0.233 0.555 0.310 0.212 0.636

Bowel disease 0.190 0.025 0.122 0.225 0.000 0.183

Cataract 0.121 0.194 0.202 0.290 0.113 0.000

Diabetes 0.398 0.401 0.000 0.256 0.434 0.000

Emphysema/Bronchitis/COPD 0.508 0.085 0.157 0.307 0.000 0.000

Food allergy 0.156 0.102 0.186 0.103 0.022 0.109

Heart disease 0.246 0.297 0.084 0.353 0.223 0.105

High blood pressure 0.549 0.751 0.076 0.539 0.886 0.423

Incontinence 0.200 0.085 0.120 0.212 0.023 0.051

Migraine 0.306 0.081 0.273 0.081 0.024 0.126

Thyroid condition 0.284 0.155 0.160 0.144 0.088 0.297

Ulcers 0.187 0.031 0.246 0.067 0.047 0.088

Abbreviations: CCHS, Canadian Community Health Survey; COPD, chronic obstructive pulmonary disease.

Note: Bold values represent diseases with item response probabilities of 0.400 or greater.
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Older group
In the four-class model for the older

Aboriginal respondents (Table 3), the first

class comprised slightly less than one-fifth

of the sample (17.6%) and had high item-

response probabilities on 5 of the 15

chronic conditions. The second class had

high probabilities for arthritis/rheumatism

and blood pressure, while the third had

high probabilities for arthritis/rheumatism

and back problems. The fourth class,

which comprised the smallest percentage

of members in the group (3.9%), had high

item-response probabilities for four

chronic conditions (back problems, catar-

acts, emphysema and ulcers). Among the

non-Aboriginal respondents in the older

age group, the first class (9.3%) had seven

chronic conditions with high item-

response probabilities while subsequent

classes had fewer conditions with high

TABLE 3
Item response probabilities for four classes of chronic diseases in Aboriginal and matched non-Aboriginal Caucasian CCHS respondents by age

groups

Chronic disease 18–54 Years

Aboriginal Matched Non-Aboriginal Caucasian

Class 1
(6.0%)

Class 2
(21.0%)

Class 3
(62.4%)

Class 4
(11.6%)

Class 1
(13.1%)

Class 2
(20.7%)

Class 3
(39.4%)

Class 4
(26.8%)

Anxiety/Mental disorders 0.659 0.207 0.372 0.203 0.238 0.158 0.329 0.216

Arthritis/Rheumatism 0.695 0.389 0.376 0.129 0.176 0.278 0.342 0.389

Asthma 0.620 0.071 0.329 0.000 1.000 0.188 0.104 0.132

Back problems 0.568 0.275 0.594 0.881 0.235 0.354 0.347 0.999

Bowel disease 0.236 0.075 0.143 0.089 0.147 0.059 0.265 0.037

Cataract 0.246 0.026 0.029 0.000 0.003 0.014 0.016 0.000

Diabetes 0.309 0.206 0.015 0.052 0.021 0.108 0.081 0.000

Emphysema/Bronchitis/COPD 0.493 0.005 0.133 0.216 0.191 0.059 0.072 0.104

Food allergy 0.258 0.214 0.283 0.000 0.336 0.086 0.203 0.162

Heart disease 0.379 0.122 0.008 0.087 0.006 0.090 0.053 0.000

High blood pressure 0.544 0.723 0.000 0.293 0.000 1.000 0.000 0.000

Incontinence 0.324 0.044 0.073 0.000 0.000 0.023 0.073 0.019

Migraine 0.667 0.268 0.396 0.304 0.107 0.279 0.509 0.475

Thyroid condition 0.135 0.109 0.124 0.000 0.044 0.075 0.247 0.000

Ulcers 0.496 0.000 0.107 0.481 0.059 0.121 0.151 0.063

Chronic disease § 55 Years

Aboriginal Matched Non-Aboriginal Caucasian

Class 1
(17.6%)

Class 2
(51.5%)

Class 3
(27.0%)

Class 4
(3.9%)

Class 1
(9.3%)

Class 2
(19.6%)

Class 3
(53.0%)

Class 4
(18.1%)

Anxiety/Mental disorders 0.301 0.084 0.121 0.285 0.258 0.058 0.059 0.395

Arthritis/Rheumatism 0.934 0.574 0.651 0.000 0.909 0.434 0.683 0.624

Asthma 0.664 0.058 0.082 0.000 0.213 0.063 0.134 0.038

Back problems 0.610 0.227 0.525 0.695 0.421 0.174 0.375 0.513

Bowel disease 0.174 0.021 0.144 0.000 0.426 0.000 0.091 0.194

Cataract 0.139 0.212 0.102 0.640 0.388 0.165 0.128 0.000

Diabetes 0.367 0.399 0.000 0.000 0.617 1.000 0.000 0.000

Emphysema/Bronchitis/COPD 0.524 0.085 0.007 0.839 0.412 0.004 0.108 0.000

Food allergy 0.131 0.101 0.229 0.000 0.186 0.012 0.060 0.114

Heart disease 0.232 0.295 0.099 0.007 0.489 0.195 0.276 0.000

High blood pressure 0.506 0.758 0.082 0.000 0.609 0.782 0.662 0.460

Incontinence 0.223 0.090 0.053 0.349 0.265 0.037 0.097 0.039

Migraine 0.303 0.079 0.304 0.000 0.173 0.005 0.045 0.165

Thyroid condition 0.282 0.153 0.173 0.000 0.279 0.060 0.087 0.453

Ulcers 0.170 0.033 0.208 0.533 0.016 0.062 0.061 0.105

Abbreviations: CCHS, Canadian Community Health Survey; COPD, chronic obstructive pulmonary disease.

Note: Bold values represent diseases with item response probabilities of 0.400 or greater.
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probabilities. However, there were simila-

rities in the disease clusters in both

Aboriginal and non-Aboriginal popula-

tions.

Discussion

This is the first nationally representative

study to compare the prevalence of multi-

morbidity and investigate co-occurring

chronic diseases patterns in Aboriginal

and matched non-Aboriginal Caucasian

populations. Our results reveal that the

Aboriginal population had higher overall

prevalence of multimorbidity as well as

higher prevalence for most of the investi-

gated chronic diseases.

We identified a small group of younger

Aboriginal respondents in the three-class

model (5.8%) and four-class model (6.0%)

with high prevalence of multiple chronic

conditions. A cluster with similar charac-

teristics was not evident among younger

non-Aboriginal Caucasian respondents.

Other disease clusters identified in the

younger age group in both populations

had just one or two highly prevalent

conditions in the three- and four-class

models.

Unlike the younger age group, the chronic

disease clusters in the older age group for

the three-class and four-class models were

frequently comprised of three or more

conditions, and there were some similari-

ties in the latent classes identified in the

Aboriginal and non-Aboriginal populations.

For instance, in the three-class model,

arthritis/rheumatism, diabetes and high

blood pressure had the highest probabilities

of co-occurrence in both populations.

Some of the chronic disease clusters

identified in our study were similar to

those identified in previous research. A

study conducted on a sample of working-

age Australians identified six chronic dis-

ease clusters.22 They found that arthritis,

back/neck problems, migraine and other

chronic pain conditions tended to co-occur.

This is similar to our results: we found that

arthritis/rheumatism and back problems

tended to co-occur. We also found a disease

cluster made up of arthritis/rheumatism,

back problems, bowel disease, diabetes,

heart disease, high blood pressure, and

emphysema/bronchitis/COPD in the older

non-Aboriginal Caucasian population. The

Australian study22 found similar conditions

(i.e. cardiovascular disease, diabetes, fati-

gue, high blood pressure, high cholesterol,

arthritis) in one cluster.

Limitations

First Nations living on reserve comprise a

significant portion of the total Aboriginal

population but were not included in this

study; therefore the results are represen-

tative of only the off-reserve Aboriginal

population of Canada. The data are from a

cross-sectional survey and therefore pro-

vide a snapshot of multimorbidity at one

point in time; diseases that cluster may

change over time. Although we matched

the Aboriginal and non-Aboriginal

Caucasian respondents on two important

demographic variables (i.e. age and sex),

the two populations may still differ in

terms of socioeconomic characteristics,

which may also be associated with multi-

morbidity. Residual confounding may

therefore account for some of the differ-

ences in disease clustering between the

two populations. There may be differences

in access to health care services between

Aboriginal and non-Aboriginal popula-

tions, which may result in under-reporting

of diagnosed chronic diseases. This under-

reporting may be more likely to affect the

Aboriginal population.

Further, surveys are prone to self-report-

ing bias due to failure to accurately recall

previously diagnosed conditions and the

social undesirability of certain health

conditions.

Further research could investigate whether

individuals within different chronic disease

clusters have different patterns of health

care utilization, including utilization of

emergency, acute, primary, and supportive

care. Such findings will be useful in

ascertaining the clinical relevance and cost

implications of different patterns of multi-

morbidity.

Conclusion

Our findings emphasize the dynamics

of co-occurring chronic diseases in

Aboriginal and non-Aboriginal Caucasian

populations in Canada. The Aboriginal

population had higher prevalence of mul-

timorbidity than an age-and-sex-matched

non-Aboriginal Caucasian population.

Although there were some similarities in

the diseases that tended to co-occur in the

older Aboriginal and non-Aboriginal

Caucasian populations, differences existed

in the younger age group. Understanding

the differences in diseases that are likely to

co-occur in different populations can help

in developing tailored prevention and

management strategies.

We found a small group of the younger

Aboriginal respondents who had complex

co-occurring chronic diseases. This group

in particular may benefit from disease

prevention and management programs.
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