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Abstract 

Introduction: The aim was to study any spatial and/or temporal patterns of ischemic heart disease (IHD) prevalence 
and measure the effects of selected social determinants on these spatial and space-time patterns.

Methods: Data were obtained from the Population Research Data Repository housed at the Manitoba Centre for 
Health Policy to identify persons who were diagnosed with IHD between 1995 and 2018. These persons were geo-
coded to 96 geographic regions of Manitoba. An area-level socioeconomic factor index (SEFI-2) and the proportion 
of the population who was Indigenous were calculated for each geographic region using the 2016 Canadian Census 
data. Associations between these factors and IHD prevalence were measured using Bayesian spatial Poisson regres-
sion models. Temporal trends and spatio-temporal trends were measured using Bayesian spatio-temporal Poisson 
regression models.

Results: Univariable models showed a significant association with increased regional Indigenous population pro-
portion associated with a higher prevalence of IHD (RR: 0.07, 95% CredInt: (0.05, 0.10)) and for SEFI-2 (RR: 0.17, 95% 
CredInt: (0.11, 0.23)). Using a multivariable model, after accounting for the proportion of the population that was 
Indigenous, there was no evidence of an association between IHD prevalence and area-level socioeconomic factor. 
Spatio-temporal models showed no significant overall temporal trend in IHD prevalence, but there were significant 
spatially varying temporal trends within the 96 regions.

Conclusions: Association between Indigenous population proportion and IHD is consistent with previous research. 
No significant overall temporal trend was measured. However, regions with significantly increasing trends and signifi-
cantly decreasing trends in IHD prevalence were identified.
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Background
Ischemic Heart Disease (IHD) is a chronic disease that 
occurs due to a narrowing of arteries resulting in reduced 
blood flow to heart tissue. This disease has high preva-
lence rates in both Manitoba and Canada as a whole, 
which have been measured as 8.5% of all Canadians aged 
20+ and 8.3% of all Manitobans aged 19+ [1, 2].

Manitoba is a sparsely populated Province in central 
Canada, with the majority of its population living in the 

main city centre of Winnipeg. Manitobans from differ-
ent backgrounds and economic standings are affected by 
IHD, however, it has been shown that it does not affect 
people of different demographic and/or socioeconomic 
status (SES) stratums equally [3, 4].  Thus, it should be 
expected that some of the geographical variation in dis-
ease prevalence could be attributed to the geographi-
cal distribution of demographic and SES factors. This 
is compounded by the natural phenomena that nearer 
regions are in general more highly correlated than further 
regions [5]. The aim of this study was to study spatial and 
temporal patterns of IHD prevalence in Manitoba over 
a 20-year period using both spatial and spatio-tempo-
ral models, while also measuring the effects of selected 
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social determinants on these spatial and space-time pat-
terns. As such, we predicted that positive relationships 
exist between IHD prevalence and lower SES as well as 
increased Indigenous population proportion within spa-
tial areas after accounting for inherent spatial and spatio-
temporal confounding effects. For this study, Indigenous 
is taken to mean anyone self-identifying as First Nations, 
Inuit, or Metis.The general provincial trend in Manitoba 
has been a decline in both IHD prevalence and inci-
dence over time, which is an indication that the burden 
of disease has lessened over recent years, specifically the 
2002-2007 to 2007-2012 time periods [1]. This is consist-
ent at the national level, with decreasing trends in IHD 
prevalence and incidence for recent times in Canada [6]. 
However, some of the finer details get lost when infer-
ring about this disease at these large geographic aggrega-
tion schemes, where these trends may not be consistent 
across all age-groups, ethnicities, or finer geographically 
aggregated regions. IHD prevalence and incidence rates 
have been shown to be rising significantly over these time 
periods in some health districts in Manitoba, such as the 
Cross Lake and Norway House districts, contrary to the 
provincial trend [1]. Understanding how a leading cause 
of premature deaths in Manitoba is affecting some geo-
graphic regions differently from others is important as 
equitable healthcare for all Manitobans is a priority for 
Manitoba’s health care system.

Some of the main behavioural risk factors of IHD, such 
as alcohol consumption, sedentary lifestyles, and smok-
ing habits, [7] have been shown to be more prevalent in 
environments where more economic deprivation exists 
[8–10].   Economic deprivation has also been shown to 
occur in regions with higher environmental deprivation, 
such as higher levels of pollution, further illustrating a 
non-equal distribution of IHD risk across geographical 
space [11, 12].

  Demographic structures have also been shown to be 
associated with changes in IHD risk, with Indigenous 
persons having different rates of cardiovascular dis-
ease than non-Indigenous persons [3]. Tobe et al. (2018) 
showed that cardiovascular disease among Indigenous 
populations is not decreasing at the same rate as in the 
rest of the population. While prevalence rates of car-
diovascular disease among Indigenous men decreased 
more slowly than among the non-Indigenous popula-
tion, the prevalence rates among Indigenous women 
have increased [3]. This is likely linked to findings where 
Indigenous Canadians living off-reserve were measured 
to have higher rates of tobacco smoking, second-hand 
smoke exposure, and alcohol consumption than non-
Indigenous Canadians [13]. Other important factors such 
as food insecurity and working poverty status were found 
to be significantly higher in Indigenous populations, 

leading to higher rates of economic and environmental 
deprivation [13]. Manitoba has the highest proportion 
of Indigenous population out of all Canadian provinces 
at approximately 18%, and is thus an important variable 
to consider in analyzing IHD in Manitoba. Here, the geo-
graphic distribution of Indigenous populations within 
Manitoba is highly variable with high proportions in the 
northern regions and low in the south (Statistics Canada, 
2016)  [14]  motivating the need to study this factor for 
IHD at the ecological level.

Methods
Data Sources and Study Measures
This study was a population-based ecological study using 
administrative health records housed at the Manitoba 
Centre for Health Policy (MCHP), with a linkage to Sta-
tistics Canada’s 2016 Census records. MCHP’s Population 
Research Data Repository (PRDR) included four data-
sets of interest: the Manitoba health insurance registry, 
medical/physician claims, hospital abstracts (outpatient 
records), and the drug program information network 
(DPIN) datasets. These datasets were then linked at the 
individual level using the scrambled personal health 
identification numbers (PHINs).

This study’s time-period was from the 1995-1996 fiscal 
year to the 2017-2018 fiscal year (April 1, 1995 – March 
31, 2018), which was chosen due to the availability of the 
data in the PRDR, and the study cohort was comprised 
of all Manitobans that have had active Manitoba Health 
Insurance at some point within this period and was 
restricted to individuals between the ages of 40 and 85. 
IHD prevalence was calculated by identifying individuals 
that have had at least one instance of IHD in the hospital 
abstracts or at least two instances in the medical claims 
dataset, or a combination of at least one instance in the 
medical claims dataset and two prescriptions in the DPIN 
dataset within a five year period. This inclusion algorithm 
was designed to ensure an adequate level of specificity for 
IHD prevalence [15, 16]. After these persons were identi-
fied as having IHD they were counted in the numerator 
for prevalence until censored for either death, emigration 
from Manitoba, or aging out of the study.

Geographic classification of individuals was done with 
the 6-digit postal code and municipality code as defined 
by Manitoba Health, Seniors & Active Living. Individu-
als were aggregated into the 71 regional health authority 
districts (RHAD) for regions outside Winnipeg, and the 
25 neighbourhood clusters for within Winnipeg regions 
using the algorithm available from MCHP and Manitoba 
Health for assigning Health Districts and Neighbourhood 
Clusters from municipality and postal codes. Although 
some District boundaries have changed over the study 
period, we used the current boundaries throughout the 
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study period to ensure comparable results. Some geo-
graphic misalignment does occur in a small number 
of cases between postal code and District boundaries, 
where in this case the District with the higher proportion 
of area of the postal code is used. For the remainder of 
the paper, the term RHAD is used to define all 96 areal 
units (geographic regions).

Indigenous population proportion was calculated at 
the RHAD level using the 2016 Census and is assumed 
to be stationary over the study period. A SES measure 
was constructed at the RHAD level from the 2016 Cen-
sus based on the socio-economic factor index (SEFI) 
which was defined by researchers at MCHP. This index 
was designed to bridge socio-economic factors that are 
highly influential on potential years of life lost, premature 
mortality rates, life expectancy, and self-rated health [17]. 
SEFI-2 is the second iteration of this algorithm and is the 
definition used for this study as a proxy for SES. This is 
defined as the scores of a factor analysis of the four 2016 
Census variables of median household income, propor-
tion of high school graduates, unemployment rate, and 
proportion of single-parent families [17].

Statistical Analysis
  The outcome for subsequent statistical models was 
expressed as a standardized risk ratio. Standardization 
was done to factor out the effects of age and sex in the 
analyses, as it is well known that these contribute to IHD 
risk [18–20]. This was done via indirect standardization 
to the Provincial population using 5-year age groups.

To examine the contribution of the covariates, a mixed 
Poisson model (MPM) was used to assess each covari-
ate alone, as well as together for any potential confound-
ing. The spatial random effects terms in these models 
were defined using the Besag-York-Mollie (BYM) speci-
fication [21]. This modification of the Poisson regression 
model includes two additive random effects terms; one 
spatially correlated heterogeneity term, and the other a 
non-correlated heterogeneity term which were used to 
account for any spatially structured covariance between 
the RHADs. Since spatial covariance was present, as indi-
cated by a significant Moran’s Index test, which violated 
the assumption of independent and identically distrib-
uted residuals in the regular Poisson regression model, 
this modification was needed to satisfy these assump-
tions. The data used for this model included the 5-year 
time frame of 2013-2017 calendar years inclusive, due to 
this being the most recent 5-year period available at the 
time of analysis. The model equation for this model is 
given as in (1).

Yi ∼ Poisson(�i)

where  Yi is the number of IHD prevalent persons in 
region i,  Ei is the expected number of IHD prevalent per-
sons for region i,  Xi is the covariate vector for region i,  vi 
is the spatially unstructured term, and  ui is the spatially 
structured term for region i. Indirect age-sex standardi-
zation was done through the  Ei term, which is defined as:

where  Yj
(s) and  nj

(s) are the disease counts and popula-
tion totals in the Provincial population for the  jth age-sex 
group, and  nij is the population in the  jth age-sex group 
in the  ith RHAD. Age groups were defined using 5-year 
intervals from 40 to 44 to 80-84. This effectively puts the 
baseline for the risk ratio’s in the spatial models to be the 
Provincial prevalence. As described above, the  ui and  vi 
are given priors defined by a BYM model, that is:

where  Ni is the number of neighbors of region i, and 
 aij = 1 if the  ith and  jth regions have common borders. 
The precisions 1/σu

2 and 1/σv
2 were given logGamma(1, 

0.0005) priors, where sensitivity analyses were done using 
flat uniform distributions for σu

2  and σv
2  to ensure the 

priors did not influence subsequent results.
Assessment of the presence of any temporal/spatio-

temporal patterns in the IHD data was done using the 
full cohort of data that was aggregated and broken into 
yearly segments; 18 yearly segments total. Two tempo-
ral random effect terms were included in the model to 
understand the temporal trends: one unstructured and 
the other was given a random walk prior. An additional 
model with a space-time interaction random effect term 
was also assessed to detect the significance of spatially 
varying temporal effects. In the latter model, the space-
time interaction term’s covariance structure matrix was 
defined as the Kronecker product of the interacting 
parameters’ structure matrices, which was used to iden-
tify any temporal patterns that vary across the areal units 
by calculating the portion of model variance attributed 
to this random effect term compared with other random 
effects terms. The model equation for the model without 
the space-time interaction term is given as (2), and with 
the interaction effect term as (3).

(1)log (�i) = log (Ei)+ Xiβ + vi + ui

Ei =
∑

j
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j

n
(s)
j

nij
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where  Yit is the number of IHD prevalent persons in 
region i and time t,  Eit is the expected number of IHD 
prevalent persons for region i and time t. As in the spa-
tial model,  vi is the spatially unstructured term and  ui is 
the spatially structured term using the BYM specifica-
tion., γt is the temporally unstructured term, φt is the 
temporally structured term, and δit is the space-time 
interaction term. Indirect age-sex standardization was 
done in this context through the  Eit term, which was 
defined as:

where  Yjt
(s) and  njt

(s) are the disease counts and pop-
ulation of the  jth age-sex group for time t for the Pro-
vincial population. This puts the baseline for the risk 
ratio’s for the spatio-temporal models as the Provincial 
prevalence at time point t.

Bayesian model inference was carried out using 
the integrated nested Laplace approximation (INLA) 

Yit ∼ Poisson(�it)

(2)log (�it) = log (Eit)+ vi + ui + γt + φt

(3)log (�it) = log (Eit)+ vi + ui + γt + φt + δit

Eit =
∑

j

Y
(s)
jt

n
(s)
jt

nijt

approach [22], where this method was chosen due to 
the complexity of these models. The INLA method 
is effective if the data can be modelled with a latent 
Gaussian Markov Random Field (GMRF) [23]. If these 
conditions are satisfied, the INLA algorithm can be 
used for Bayesian inference of the model parameters 
instead of the more popular Markov Chain Monte 
Carlo (MCMC) sampler, where INLA produces results 
with much less computation time than the MCMC 
approach. The Laplace approximation is said to have 
negligible error when the assumptions are satisfied 
which were checked via cross-validation. These checks 
were carried out by assessing the conditional predictive 
ordinate (CPO) and the probability integral transform 
(PIT) [23], where all models presented later passed 
these tests. Priors were selected as uninformatively as 
possible so as to not bias the results with prior beliefs 
of the data, and the deviance information criterion 
(DIC), and the CPO were used to assess model fit.

Analysis was performed in R version 4.0.1 [24],  with 
models being run with the R-INLA package [22], plots 
generated with the ggplot2 package [25],  and map output 
generated with the tmap package (Tennekes, 2018) [26].

Ethical Considerations
Prior to data access being granted by MCHP, ethics 
approval was sought and granted from both the Univer-
sity of Manitoba’s health research ethics board as well as 
from Manitoba Health, Seniors & Active Living’s health 
information and privacy committee.

Fig. 1 Crude IHD prevalence at the Provincial level, over the study period
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Results
IHD Prevalence
The overall temporal trend for crude IHD prevalence 
during the study period was on average a decreasing 
trend, where the maximum occurred in the first year of 
the study (1998) with 13.01% prevalence, and the mini-
mum occurred in 2010 with 10.35% prevalence, see Fig. 1 
for the unadjusted prevalence rate over time.

At the RHAD level, the maximum crude prevalence 
occurred in 1998 in the E Rural East RHAD; part of the 
Southern Regional Health Authority (RHA); with a preva-
lence of 24.88%, and the minimum occurred in 2008 in the 
W Stanley RHAD; also part of the Southern RHA; with a 
prevalence of 3.98%. Hence, disaggregating into smaller 
regions has shown large intra-RHA variance, which would 
have been averaged out if taken at the RHA level. Figure 2 
shows this variation in the crude prevalence rates for Mani-
toba in 2015.

Social Determinants and Spatial Variation of IHD
Regional population proportions of Indigenous popula-
tions were much higher in northern and north-eastern 
Manitoba and lower in the Southern part of the Province. 
SEFI-2 differed between the northern regions of Mani-
toba and central Winnipeg compared with the remainder 
of the province, with higher values of the index corre-
sponding to greater socioeconomic deprivation in these 
regions. Many regions with higher proportions of Indig-
enous populations also had higher levels of socio-eco-
nomic deprivation, with correlation between these two 
measures at the RHAD level being 0.92 (p-value < 0.001). 
Figures  3 and 4 display the geographical distribution of 
Indigenous population proportion and SEFI-2 variables 
respectively.

Table  1  gives the model outputs of each of the 
univariable models as well as the multivariable 
model given by Eq.  (1). Both covariates, Indigenous 

Fig. 2 Crude prevalence rates at the RHAD level, for Manitoba in 2015
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population proportion and SEFI-2, were significantly 
associated with increased IHD Risk Ratio (RR) in the 
univariable models with increased Indigenous popula-
tion proportion and increased socio-economic depri-
vation associated with increased IHD prevalence risk. 
However, SEFI-2 was not significantly associated with 
IHD prevalence in the multivariable model, where 
the 95% credible interval covers a RR of 1. Judging 
by the DIC (lower is better) and CPO (higher is bet-
ter) the univariable model with Indigenous population 
proportion marginally outperformed the other mod-
els, indicating that the SEFI-2 variable wasn’t adding 
much to the performance of model fit. There was a 
small detectable amount of confounding between the 
Indigenous population proportion and SEFI-2 vari-
ables, as the shift in the Indigenous population pro-
portion coefficient estimate was approximately 2% 
from the univariable to the multivariable model. For 

the best performing model, the univariable model 
with Indigenous population proportion as the covari-
ate, 98.5% of the model variance was attributed to the 
spatially structured random effects term and 1.5% to 
the unstructured term. This indicates a large degree of 
spatial confounding is accounted for in the model, and 
also that very little of the spatial variance is accounted 
for by the covariates. Figure 5 maps the fitted univari-
able model with Indigenous population proportion as 
the covariate (best performing model), and Fig. 6 maps 
the exceedance probabilities of this model, where there 
are visible clusters of regions with high probabilities of 
having elevated prevalence rates of IHD. Exceedance 
probabilities are defined as the probability that the 
age- sex-standardized risk ratio of IHD prevalence in 
a given region is above 1, or Pr(RR >1). Figure  7 also 
shows the credible intervals for each RHAD’s fitted 
risk ratio.

Fig. 3 Indigenous population proportion for each RHAD, as calculated from the 2016 Canadian Census
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Temporal and Spatio‑Temporal Patterns
Table 2 displays the percentage of variance from the ran-
dom effects terms as well as the model fit criterion from 
the two spatio-temporal models given by model Eqs. (2) 
and (3). The model without the space-time interaction 
term had 96.6% of its variation attributed to the struc-
tured spatial term, and only 0.07% to the structured tem-
poral term, indicating the lack of a significant overall 
time trend in IHD prevalence

Judging by both the DIC and CPO, the model with 
the space-time interaction term performed much 
better at fitting the data. This interaction term also 
soaked up 45.66% of the model variance, indicating 
that there were significant differences in temporal 
trends over the areal units. The structured temporal 
random effects term still had a minimal share of the 

Fig. 4 SEFI-2 mapped to RHAD’s. Calculated from the 2016 Canadian Census, this index is the scores from a factor analysis of 4 census variables: 
Proportion of lone parent families, median household income, unemployment rate, and proportion of adults without a high school diploma. Larger 
values indicate greater socio-economic deprivation

Table 1  Spatial model outputs. RR of SEFI-2 corresponds to an 
increase of 1 inthe index measure. RR of Indigenous population 
proportion corresponds to anincrease of 0.1 in population 
proportion

Covariate RR (95% 
Credible 
Interval)

DIC CPO

Univariable Models
Indigenous Population Proportion 1.07 (1.05, 1.11) 935.27 -527.95

SEFI-2 1.19 (1.12, 1.26) 937.18 -531.75

Multivariable Model
Indigenous Population Proportion 1.05 (1.02, 1.09) 935.63 -528.12

SEFI-2 1.07 (0.99, 1.13)



Page 8 of 15Dyck et al. BMC Public Health         (2021) 21:2325 

model variance, indicating that little of the model vari-
ance was explained by the overall temporal trend even 
after accounting for differences in time trends between 
areal units.

Model output for the model with the space-time 
interaction term is included in Figs.  8 and 9. Here six 
evenly spaced time points from the model are shown, 

for both Manitoba as a whole and Winnipeg individu-
ally. This shows regions with trending RR’s when com-
pared with the Provincial average at each time point. 
Figure  10 shows three RHADs that had the largest 
increasing trend and the three RHADs that had largest 
decreasing trends, indicating significant differences in 
the temporal trends between regions.

Fig. 5 Model fitted age- sex-standardized risk ratio’s of IHD prevalence in Manitoba during the year 2015, calculated by the univariable model with 
Indigenous population proportion as the covariate
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Discussion
In this study, which was a continuation of the M.Sc. the-
sis by Dyck entitled Spatial Analysis of Ischemic Heart 
Disease in Manitoba [27], we have shown that higher 
proportions of Indigenous populations and lower SES, 
as measured by SEFI-2, both individually contribute to 
higher risk of IHD prevalence within the 96 RHAD’s in 
Manitoba when accounting for the confounding effect 
of the spatial covariance structure of the data. When 
modelled together, SEFI-2 was not significant indicating 
it wasn’t explaining any extra variation in IHD preva-
lence that the Indigenous population covariate wasn’t 
already explaining. Visually comparing the results in 
Figs. 5 and 6 with figure, it can be seen that the patterns 
in IHD risk occur predominantly in RHAD’s that have 
high Indigenous population proportions. These findings 

align with the analysis of research by Tobe et al. (2015) 
on the risk of cardiovascular disease in Indigenous pop-
ulations. Our findings show in Table 1 that even when 
controlling for spatial confounding and SES with the 
SEFI-2 variable, regions with higher Indigenous popu-
lation proportions had significantly higher risk of IHD 
prevalence. .

There was visual evidence of a decreasing Provincial 
trend for crude IHD prevalence (Fig.  1), especially at 
the beginning of the study time period (1998-2005), 
however the spatio-temporal models did not confirm 
this, as there was no evidence of a global trend in the 
spatio-temporal model when accounting for space-
time interactions. An attempt was made to model the 
first eight years of the data (1998-2005). However, as 
before, no global trend was detected after accounting 

Fig. 6 Exceedance probabilities for the univariable model with Indigneous population proportion as the covariate. Probabilities represent the 
probability that the age- sex-standardized risk ratio of IHD prevalence in Manitoba during the year 2015 in a given region is above 1 (null), or Pr(RR 
>1)
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for the space-time interaction effect. This finding is 
contrary to “The 2013 RHA Indicators Atlas” which 
showed a significant decrease in IHD prevalence from 
the 2002-2007 to 2007-2012 time periods, where the 
Provincial prevalence significantly decreased from 
8.8 to 7.9% over this time period [1]. However, our 
study models the data over time and space, account-
ing for covariance between regions as well as between 
time points, adding a higher level of robustness to our 
analysis.

Evidence of a strong spatial covariance structure was 
present in the data, with 95.6% of the model variance 
being accounted for by the spatially structured random 
effects term when excluding the space-time interac-
tion random effects term. However, when modelling the 
data with space-time interaction term this attenuates to 
26.22%, where 45.66% of the model variance is attrib-
uted to this space-time interaction term. This indicates 
that the spatial covariance structure significantly changes 
temporally over the study period, as well as the tempo-
ral covariance structures significantly varying between 
regions.

Temporal trends were significant at the regional level, 
and varied significantly between regions. This is most 
likely the reason behind our previous conclusion, that 
no Provincial trend was detectable, as some regions had 
significant increases and some significant decreases in 
IHD prevalence over the study period. Figures 8 and 9 

showed this space-time distribution, where clusters of 
disease appeared in the Western part of the Province 
during the mid to later part of the study period, and 
then tapered off towards the end. Time-series plots of 
the model fitted IHD RR’s for regions that had signifi-
cant trends are given in Fig. 10. As is seen in this figure, 
there are large differences in temporal patterns between 
these regions. Full model output for each region is pro-
vided in the supplemental materials for readers inter-
ested in specific regions.

A strength of this study was the ability of the models 
to capture the spatial, temporal, and space-time interac-
tion covariances. These models produce more accurate 
measures of association between the covariates and the 
response as well, as these measures of association are 
usually inflated in prediction magnitude when model 
assumptions are not met in the conventional Poisson 
regression model context.

Another strength was the quality of the data from the 
PRDR, as this captures an accurate snapshot of IHD 
prevalence over time at the population level. As this 
is a Province wide administrative data system, most 
health care system interactions within the Province are 
captured in this repository, providing a high level of 
accuracy for IHD diagnoses within the Province. This 
allowed for precise spatial and temporal assignment of 
persons who previously had an IHD diagnosis. Break-
ing this into yearly segments allowed us to identify 

Fig. 7 95% credible intervals for the age-sex standardized RR’s for each RHAD, ranked by the fitted median RR for each RHAD. Blue bars indicate 
RHADs with significantly lower RR than the Provincial average, red indicates significantly higher risk ratios and purple indicates RHADs with no 
significant difference from the Provincial average
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temporal patterns of IHD prevalence within the indi-
vidual regions.

A main limitation of this study is the usage of aggre-
gated data to model IHD prevalence. Here, the under-
lying continuous process of disease occurrences is 
discretized into 96 aggregated areal units. By using 
aggregated data this project is an ecological study and 
there is the risk of ecological fallacy. As this is still 
an ecological study, all conclusions are made at the 
regional level and one cannot infer about the indi-
vidual risk levels for persons living within a region. 
Another minor limitation is the changes in regional 
borders over time. A small part of the population will 
have been re-classified due to changes in Postal Code 
boundaries that make up each RHAD. However, these 

Table 2 Spatio-Temporal model assessment criteria; percentage 
(%) of variance explained by each random effects term, DIC, and 
CPO

Random Effects Term Model with no 
Interaction

Model with 
Interaction

Unstructured Spatial 3.29 26.37

Structured Spatial 96.60 26.22

Unstructured Temporal 0.04 0.45

Structured Temporal 0.07 1.30

Space-Time Interaction - 45.66

Model Fit Parameter
DIC 18549.42 14919.04

CPO -9399.89 -7370.87

Fig. 8 Age-sex adjusted RRs for Manitoba, fitted by the spatio-temporal model with the space-time interaction term. Six evenly spaced time points 
are displayed for ease in map readability
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differences are minor, where only a small handful 
of Postal Codes in rural areas were affected over the 
study period.

The quality of the administrative data should be con-
sidered in the context of research projects, as by their 
very nature are meant for a different purpose from 
that of health services or public health research. The 
trend in recent time has been to increase the number 
of shadow-billed physicians, contrasted to fee-for-ser-
vice physicians, in northern Manitoba. In Manitoba, 
shadow billing occurs when salary paid Physicians 
submit records of services completed, whereas fee-
for-service paid Physicians receive payment for each 
service delivered and submitted to the Province for 

payment. This may bias the number of true IHD cases, 
as it has been shown that shadow-billed physicians are 
less reliable in their reporting [28]. It was shown in 
Alshammari & Hux (2009) that diabetes reporting by 
shadow-billed physicians was biased towards extreme 
cases; less-extreme cases were under-represented 
compared to their fee-for-service counterparts. This 
under-reporting could result in biasing disease rates 
in aggregated regions towards the mean. Some of this 
effect would be partly mitigated with the “information 
borrowing” of the neighbourhood structures used in 
the MPM, but it is noteworthy to mention as this could 
effect the outcome of the measured rates in some of 
the northern regions.

Fig. 9 Age-sex adjusted RRs for Winnipeg, fitted by the spatio-temporal model with the space-time interaction term. Six evenly spaced time points 
are displayed for ease in map readability
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Conclusions
The results of this study will be useful for health sys-
tem policy makers and planners when making deci-
sions about health care delivery. The identification of 
regions with elevated IHD prevalence can provide a 
better representation of where IHD is affecting Man-
itobans with greater magnitude than the rest of the 
province. Identifying regions whose temporal trends 
were counter to the visually observed provincial 
decreasing trend of IHD prevalence, could also aid in 
evaluating where certain policies that were designed 
to decrease heart disease are working and where 
more work is needed.

Another of Manitoba Health, Seniors & Active Living’s 
priorities is to “Lead advances in health service delivery 

with First Nations, Métis, and Inuit Manitobans, through 
policy and programs with a focus on prevention, pri-
mary health care, public health, and education” [29]. As 
the spatial models for the 2015 data showed in Table 1 
that regions with larger Indigenous population propor-
tions had higher risk of having elevated IHD prevalence, 
this study points towards a health outcome where dis-
parities between Indigenous populations and the rest of 
Manitobans exist, even after accounting for SES indica-
tors and other latent spatially correlated environmental 
factors. Thus, to meet this priority, a reduction in IHD 
among the Indigenous population in Manitoba is neces-
sary. This study provides information on which regions 
policy could be focused on and prioritized to achieve the 
greatest impact.

Fig. 10 Fitted temporal trends for selected regions. Top 3 plots represent regions that had the largest increase in risk over the time period, and the 
bottom 3 plots represent regions that had the largest decrease in risk over the time period



Page 14 of 15Dyck et al. BMC Public Health         (2021) 21:2325 

Abbreviations
BYM:  Besag-York-Mollie [model]; CPO: Conditional Probability Ordinate; DIC: 
Deviance Information Criterion; DPIN: Drug Program Information Network; 
MPM: Mixed Poisson Model; GMRF: Gaussian Markov Random Field; IHD: 
Ischemic Heart Disease; INLA: Integrated Nested Laplace Approximation; 
MCHP: Manitoba Centre for Health Policy; MCMC: Markov Chain Monte Carlo; 
PHIN: Personal Health Identification Number; PIT: Predictive Integral Transform; 
PRDR: Population Research Data Repository; RHAD: Regional Health Authority 
District; RR: Risk Ratio; SEFI-2: [second version of the] Socio-Economic Factor 
Index; SES: Socio-Economic Status; SRR: Standardized Risk Ratio.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 021- 12369-1.

Additional file 1. Supplementary Material 1.

Additional file 2. Supplementary Material 2

Additional file 3. Supplementary Material 3.

Additional file 4. Supplementary Material 4.

Additional file 5. Supplementary Material 5.

Additional file 6. Supplementary Material 6.

Additional file 7. Supplementary Material 7.

Additional file 8. Supplementary Material 8.

Additional file 9. Supplementary Material 9.

Acknowledgements
We would like to thank two reviewers for constructive comments and sug-
gestions, which led to an improved version of the manuscript. This study was 
conducted as part of a M.Sc. thesis in the Department of Community Health 
Sciences, University of Manitoba by Justin Dyck.

Authors’ contributions
The analyses were performed by JD. All of the authors (JD, RT, JU, MT) were 
involved in the study concept and design; acquisition of the data, interpreta-
tion of the data, and critical revision of the manuscript for important intellec-
tual content. The author(s) read and approved the final manuscript.

Funding
This research was partially supported by an NSERC research grant.

Availability of data and materials
The data that support the findings of this study are available from the Mani-
toba Centre for Health Policy but restrictions apply to the availability of these 
data, which were used under license for the current study, and so are not pub-
licly available. Data are however available from the authors upon reasonable 
request and with permission of the Manitoba Centre for Health Policy.

Declarations

Ethics approval and consent to participate
Obtained from the University of Manitoba’s Health Research Ethics Board (HREB) 
(HS21873, H2018:229), and from Manitoba Health, Seniors & Active Living’s 
Health Information Privacy Committee (HIPC) (2018/2019-24). All methods con-
ducted in this study were in accordance with both HREB and HIPC’s regulations 
and guidelines. Informed consent has been waived for this study by both Uni-
versity of Manitoba’s HREB and Manitoba Health, Seniors & Active Living’s HIPC.

Consent for publication
NA.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Department of Community Health Sciences, University of Manitoba, Win-
nipeg, Canada. 2 Department of Internal Medicine, University of Manitoba, 
Winnipeg, Canada. 

Received: 9 March 2021   Accepted: 22 November 2021

References
 1. Fransoo R, Martens P, The Need to Know Team, Prior H, et al., The 2013 

RHA Indicators Atlas. Winnipeg, MB: Manitoba Centre for Health Policy, 
2013. Retrieved from: http:// mchp- appse rv. cpe. umani toba. ca/ refer ence/ 
RHA_ 2013_ web_ versi on. pdf

 2. Public Health Agency of Canada, Heart Disease in Canada: Highlights 
from the Canadian Chronic Disease Surveillance Program, 2017, Retrieved 
from: https:// www. canada. ca/ en/ public- health/ servi ces/ publi catio ns/ 
disea ses- condi tions/ heart- disea se- canada- fact- sheet. html, Accessed: 3 
July 2020.

 3. Tobe SW, Maar M, Roy MA, et al. Preventing cardiovascular and renal 
disease in Canada’s aboriginal populations. Can J Cardiol. 2015;31:1124–9.

 4. Finegold JA, Asaria P, Francis DP. Mortality from ischaemic heart disease 
by country, region, and age: Statistics from World Health Organization 
and United Nations. Int J Cardiol. 2013;168:934–45.

 5. Tobler, W., A computer movie simulating urban growth in the Detroit 
region. Economic Geography, 1970;46:234–240.

 6. Public Health Agency of Canada, Report from the Canadian chronic dis-
ease surveillance system: Heart disease in Canada 2018. 2018, Retrieved 
from: https:// www. canada. ca/ en/ public- health/ servi ces/ publi catio ns/ 
disea ses- condi tions/ report- heart- disea se- Canada- 2018. html, Accessed: 3 
July 2020.

 7. Mayo Clinic, Myocardial Ischemia, 2018, retrieved from: https:// www. 
mayoc linic. org/ disea ses- condi tions/ myoca rdial- ische mia/ sympt oms- 
causes/ syc- 20375 417 Accessed: 3 July 2020.

 8. Shimotsu S. T., Jones-Webb R. J., MacLehose R.F., et al., Neighborhood socio-
economic characteristics, the retail environment, and alcohol consump-
tion: A multilevel analysis. Drug Alcohol Dependence, 2013;132:449–456.

 9. Eyre E. L. J., Duncan M. J., Birch S. L., C., et al., Physical activity patterns of 
ethnic children from low socio-economic environments within the UK. J 
Sports Sci, 2014;33(3):232–242.

 10. Anderson P. Global use of alcohol, drugs and tobacco. Drug Alcohol 
Review. 2006;25:489–502.

 11. Goodman A, Wilkinson P, Stafford M, et al. Characterising socio-economic 
inequalities in exposure to air pollution: A comparison of socio-economic 
markers and scales of measurement. Health Place. 2011;17:767–74.

 12. Batisse E, Goudreau S, Baumgartner J, et al. Socio-economic inequalities 
in exposure to industrial air pollution emissions in Quebec public schools. 
Can J Public Health. 2017;108(5/6):503–9.

 13. Public Health Agency of Canada, Key health inequalities in Canada: 
A national portrait, 2018, Retrieved from: https:// www. canada. 
ca/ en/ public- health/ servi ces/ publi catio ns/ scien ce- resea rch- 
data/ under stand ing- report- key- health- inequ aliti es- canada. html 
Accessed: 3 July 2020.

 14. Statistics Canada, Aboriginal Peoples: Fact Sheet for Manitoba, 2016, 
retrieved from: https:// www150. statc an. gc. ca/ n1/ pub/ 89- 656-x/ 89- 656- 
x2016 008- eng. htm, Accessed: 3 July 2020.

 15. Lix L., Yogendran M., Burchill C., Metge C., et al., Defining and validating 
chronic diseases: An administrative data approach, Winnipeg: Manitoba 
Centre for Health Policy. 2006.

 16. Lix L., Yogendran M., Mann J., Defining and validating chronic diseases: 
An administrative data approach. An update with ICD-10-CA, Winnipeg: 
Manitoba Centre for Health Policy. 2008.

 17. Chateau D., Metge C., Prior H., et al., Learning from the census: The socio-
economic factor index (SEFI) and health outcomes in Manitoba. Can J 
Public Health, 2012;103(2):23–27.

 18. Ashley K. E., Geraci S. A., Ischemic heart disease in women. Southern Med 
J 2016;106(7):427–433.

 19. Berger S. J., Elliot L., Gallup D., et al., Sex differences in mortality following 
acute coronary syndromes. JAMA, 2010;302(8):874–882.

https://doi.org/10.1186/s12889-021-12369-1
https://doi.org/10.1186/s12889-021-12369-1
http://mchp-appserv.cpe.umanitoba.ca/reference/RHA_2013_web_version.pdf
http://mchp-appserv.cpe.umanitoba.ca/reference/RHA_2013_web_version.pdf
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/heart-disease-canada-fact-sheet.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/heart-disease-canada-fact-sheet.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/report-heart-disease-Canada-2018.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/report-heart-disease-Canada-2018.html
https://www.mayoclinic.org/diseases-conditions/myocardial-ischemia/symptoms-causes/syc-20375417
https://www.mayoclinic.org/diseases-conditions/myocardial-ischemia/symptoms-causes/syc-20375417
https://www.mayoclinic.org/diseases-conditions/myocardial-ischemia/symptoms-causes/syc-20375417
https://www.canada.ca/en/public-health/services/publications/science-research-data/understanding-report-key-health-inequalities-canada.html
https://www.canada.ca/en/public-health/services/publications/science-research-data/understanding-report-key-health-inequalities-canada.html
https://www.canada.ca/en/public-health/services/publications/science-research-data/understanding-report-key-health-inequalities-canada.html
https://www150.statcan.gc.ca/n1/pub/89-656-x/89-656-x2016008-eng.htm
https://www150.statcan.gc.ca/n1/pub/89-656-x/89-656-x2016008-eng.htm


Page 15 of 15Dyck et al. BMC Public Health         (2021) 21:2325  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 20. Vaccarino V., Horwitz R. I., Meehan T. P., et al., Sex differences in mortality 
after myocardial infarction. Arch Internal Med 1998;158(18):2054–2062.

 21. Besag J., York J., Mollie A., Bayesian image restoration with two applica-
tions in spatial statistics. Ann Institute Stat Math 1991;43:1–20.

 22. Rue H., Martino S., Approximate Bayesian inference for hierarchi-
cal Gaussian Markov random field models. J Stat Plan Inference, 
2007;137:3177–3192.

 23. Blangiardo M., Cameletti M., Spatial and Spatio-temporal Bayesian Models 
with R-INLA, West Sussex: Wiley. 2015.

 24. R Core Team, R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, URL https:// www.R- proje ct. org/. 2020

 25. Wickham H., ggplot2: Elegant Graphics for Data Analysis, New York: 
Springer-Verlag. 2016

 26. Tennekes M., tmap: Thematic maps in R. J Stat Software, 2018;84(6):1–39. 
doi:https:// doi. org/ 10. 18637/ jss. v084. i06.

 27. Dyck J., Spatial analysis of ischemic heart disease in Manitoba [masters 
thesis]. Winnipeg Manitoba: University of Manitoba; 2020.

 28. Alshammari A. M., Hux, J. E., The Impact of Non-Fee-For-Service Reim-
bursement on Chronic Disease Surveillance Using Administrative Data. 
Can Public Health Assoc 2009;100(6):472–474.

 29. Manitoba Health, Seniors and Active Living, Vision and Mission. 2016, 
https:// www. gov. mb. ca/ health/ docum ents/ prior ities_ goals. pdf 
Accessed: 3 July 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.R-project.org/
https://doi.org/10.18637/jss.v084.i06
https://www.gov.mb.ca/health/documents/priorities_goals.pdf

	Social determinants and spatio-temporal variation of Ischemic Heart Disease in Manitoba
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data Sources and Study Measures
	Statistical Analysis
	Ethical Considerations

	Results
	IHD Prevalence

	Social Determinants and Spatial Variation of IHD
	Temporal and Spatio-Temporal Patterns
	Discussion
	Conclusions
	Acknowledgements
	References


