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Abstract 

Background There is currently mixed evidence on the influence of long-term conditions and deprivation on 
mortality. We aimed to explore whether number of long-term conditions contribute to socioeconomic inequalities 
in mortality, whether the influence of number of conditions on mortality is consistent across socioeconomic groups 
and whether these associations vary by working age (18–64 years) and older adults (65 + years). We provide a cross-
jurisdiction comparison between England and Ontario, by replicating the analysis using comparable representative 
datasets.

Methods Participants were randomly selected from Clinical Practice Research Datalink in England and health admin-
istrative data in Ontario. They were followed from 1 January 2015 to 31 December 2019 or death or deregistration. 
Number of conditions was counted at baseline. Deprivation was measured according to the participant’s area of resi-
dence. Cox regression models were used to estimate hazards of mortality by number of conditions, deprivation and 
their interaction, with adjustment for age and sex and stratified between working age and older adults in England 
(N = 599,487) and Ontario (N = 594,546).

Findings There is a deprivation gradient in mortality between those living in the most deprived areas compared to 
the least deprived areas in England and Ontario. Number of conditions at baseline was associated with increasing 
mortality. The association was stronger in working age compared with older adults respectively in England (HR = 1.60, 
95% CI 1.56,1.64 and HR = 1.26, 95% CI 1.25,1.27) and Ontario (HR = 1.69, 95% CI 1.66,1.72 and HR = 1.39, 95% CI 
1.38,1.40). Number of conditions moderated the socioeconomic gradient in mortality: a shallower gradient was seen 
for persons with more long-term conditions.

Conclusions Number of conditions contributes to higher mortality rate and socioeconomic inequalities in mortal-
ity in England and Ontario. Current health care systems are fragmented and do not compensate for socioeconomic 
disadvantages, contributing to poor outcomes particularly for those managing multiple long-term conditions. Further 
work should identify how health systems can better support patients and clinicians who are working to prevent the 
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development and improve the management of multiple long-term conditions, especially for individuals living in 
socioeconomically deprived areas.

Keywords Multimorbidity, Inequalities, Survival, Primary health care

Background
The prevalence of multiple long-term conditions (known 
as multimorbidity) is rising [1, 2], and in the general 
population varies between 13 to 72% depending on the 
definition, country, data source, and age range [3]. Multi-
ple long-term condition prevalence is increasing in most 
demographic groups and is higher in socioeconomically 
deprived groups [4–11]. Greater socioeconomic depriva-
tion can increase the exposure to health-damaging fac-
tors leading to higher vulnerability, which may lead to 
higher prevalence and earlier onset of multiple-long term 
conditions among deprived groups [2, 6, 7, 10].

Multiple long-term conditions also influence subse-
quent outcomes (including mortality/survival), and it 
is possible that the intersection of multiple long-term 
conditions and socioeconomic factors may contribute to 
worse outcomes. People with multiple-long term condi-
tions are at risk of poorer outcomes such as lower qual-
ity of life and higher mortality rate [12–16]. Managing 
multiple-long term conditions is also associated with 
higher health care use with direct and indirect costs such 
as increasing inability to work [17, 18]. There is evidence 
that socioeconomic deprivation contributes to higher 
burden of treatment associated with managing multiple 
long-term conditions [19–21] including potential issues 
in treatment or care quality (e.g. polypharmacy, drug 
adverse events, compliance) [22–26]. However, it is less 
clear whether socioeconomic deprivation also contrib-
utes to poorer survival for those with multiple long-term 
conditions. Current evidence is mixed on whether socio-
economic deprivation exacerbates the mortality risk of 
people with multiple long-term conditions [13, 27–32] It 
is important to understand these socioeconomic inequal-
ities in order to mitigate adverse health outcomes associ-
ated with multiple long-term conditions.

In addition, even though the socioeconomic gradi-
ents in morbidity and mortality are well recognised [13, 
27–36], there has been less attention to whether the 
association between multiple long-term conditions and 
mortality holds across age groups. A focus on working 
age adults may be warranted because the association 
between socioeconomic deprivation and mortality is 
stronger at younger ages and socioeconomic inequali-
ties in mortality have widened over time in people of 
working age [36–38]. Similarly, socioeconomic ine-
qualities in multiple long-term condition prevalence 
have increased over time for all ages but increases are 

greatest in people of working age [2]. Emerging evi-
dence suggests that the influence of number of con-
ditions on survival weakens with age and is stronger 
for working age adults (under 65  s) than older adults 
(65 + years), though this warrants replication in nation-
ally representative samples [13]. Together these studies 
suggest that socioeconomic deprivation, having mul-
tiple long-term conditions, and plausibly the combi-
nation of these could have greater impact on survival 
in people of working age compared with older people, 
though this has not been directly tested.

Drawing conclusions from these different studies is dif-
ficult because they used different measures of multiple 
long-term conditions (including the number and type 
of conditions) and because national or local differences 
in inequalities in health and access to healthcare could 
lead to differences in outcomes. Our study will provide 
a cross-jurisdiction comparison between England and 
Ontario (Canada’s largest province by population). Both 
jurisdictions offer universal healthcare and have compa-
rable measures of socioeconomic deprivation (at the area 
level). They have also both previously prioritised tack-
ling inequalities in primary care but have taken different 
approaches to do so which has resulted in differing tra-
jectories in inequalities in mortality [39].

Consequently, the aims of this retrospective cohort 
study are to: i) explore whether number of conditions 
contribute to explaining socioeconomic inequalities in 
mortality, ii) examine whether the association between 
number of conditions and mortality differs by level 
of socioeconomic deprivation and iii) assess whether 
the magnitude or direction of these associations vary 
between working age and older adults. We replicate the 
analysis using the same long-term health conditions and 
comparable data sets from England and Ontario. We use 
individual-level measures of long-term conditions, age, 
sex and rely on area-level measures of socioeconomic 
deprivation. Both individual level socioeconomic posi-
tion and area level socioeconomic deprivation indica-
tors have been used to study the gradient in multiple 
long-term conditions [4–11]. Although multilevel study 
designs have shown that each can independently affect 
outcomes such as mortality through multiple material, 
psychosocial and behavioural mechanisms, area level 
deprivation is often recommended for use as a proxy for 
patient socioeconomic deprivation in population-based 
studies using routine health data [40].
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Methods
Participants
England

A simple, random sample of 600,000 adults aged 
18 + was drawn from the Clinical Practice Research 
Datalink (CPRD Aurum). This is an ongoing pseu-
donymised research database from routinely collected 
primary care records. Over 98% of the population in Eng-
land is registered in a primary care practice and CPRD 
Aurum is derived from the largest of the four IT systems 
used across primary care practices in England (56% of 
practices) [41]. It is representative of the English popu-
lation in terms of geographical spread, deprivation, age 
and gender [41] and includes primary care records from 
over 40 million patients (13.35 million patients currently 
registered as of February 2022). Primary care records 
include information on diagnoses, symptoms, prescrip-
tions, referrals, and tests. Eligible adults (n = 8,750,306) 
were registered in a CPRD practice on 1st January 2014 
(to ensure records were up to date at least one year 
before the study start), were alive and still registered at 
the study start on 1st January 2015, and were eligible for 
linkage to Hospital Episode Statistics (HES) and Office 
for National Statistics mortality data. They were followed 
until  the study end (31 December 2019) or death if this 
was earlier and were censored if they left the CPRD prac-
tice or the practice stopped providing data to CPRD. The 
CPRD reviewed and approved the ethics and meth-
ods of this study (eRAP  protocol number  20_000239). 
Informed individual consent was not required as patients 
are pseudonymised and cannot be identified from CPRD. 
Patients were still able to opt-out from sharing their data 
for research purposes through the national data opt-out 
scheme introduced in 2018 [42].

Ontario, Canada.
A simple, random sample of adults was drawn from 

health administrative data of residents for the Ontario 
population eligible for universal health coverage (Sup-
plementary Table 1). These data are linked using unique 
encoded identifiers and analysed at ICES. Specifically, we 
identified all persons in the Registered Persons Database 
who were alive and residing in the province of Ontario 
between the ages of 18 and 105 years on January 1, 2015 
(n = 11,916,158). Residents were excluded from the study 
if they did not have a valid OHIP health card at index, or 
for the full 365 days prior to index (n = 1,188,678). From 
those remaining (n = 10,727,480) we retained a random 
sample of 600,000 for analysis. Participants were followed 
up until the study end (31 December 2019) or death if 
this was earlier and individuals where no outcome was 
observed were censored at the study end date or the date 
at which they were no longer eligible for OHIP coverage, 
whichever came first. The use of data in this project was 

authorized under section 45 of Ontario’s Personal Health 
Information Protection Act, which does not require 
review by a Research Ethics Board. Informed consent 
from participants was not required because we used 
health information routinely collected in Ontario and 
held in health administrative databases.

Measures
Survival time was calculated from 1st January 2015 to 
death or censoring. Age (in years) and sex (classed into 
two categories (men/women) were measured at baseline.

Socioeconomic deprivation was captured by area level 
deprivation. In England this was using 2015 Index of 
Multiple Deprivation (IMD) decile in the patient’s area 
of residence based on lower-level super output area 
boundaries and includes dimensions of education, liv-
ing environment, income, employment, housing, health 
and disability and crime [43]. In Ontario, deprivation 
was measured using the 2016 material deprivation index 
(ON-MARG data). This area-based measure includes 
dimensions of income, education, housing and family 
structure characteristics and is closely connected to pov-
erty [44]. For each measure decile 1 represents the  10th 
least deprived areas and decile 10 represents the  10th 
most deprived areas for analyses. Supplementary Table 2 
describes the components of IMD and ON-Marg indi-
ces. These are comparable indicators of socioeconomic 
deprivation that have been previously used to compare 
socioeconomic inequalities in mortality across these 
jurisdictions [39].

The number of long-term conditions was counted at 
study start. In the primary analyses, we used a sub-set of 
nineteen physical and mental health conditions that have 
previously been associated with higher mortality risk, 
poorer functioning, and requiring primary care input [8, 
9]. To ensure that our analyses between the two jurisdic-
tions are comparable, long-term conditions included 
need to be measurable both in the England and Ontario 
samples. These were alcohol misuse, arthritis, asthma, 
atrial fibrillation, cancer (any), chronic obstructive pul-
monary disease, congestive heart failure, dementia, dia-
betes, epilepsy, ischemic heart disease, hypertension, 
kidney disease, multiple sclerosis, Parkinson’s disease, 
psoriasis, schizophrenia, stroke (including transient 
ischemic attack) and thyroid disorder. To test whether 
the total number and type of conditions included influ-
enced the relationship with mortality, we also included 
an additional seven conditions in the sensitivity analyses 
including mental health conditions. These were anxiety 
and depression, blindness, bronchiectasis, diverticulosis, 
hearing loss, liver disease and substance misuse. These 
were limited to sensitivity analyses because there was 
an established SNOMED code for England, but the 
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constructs did not align well, or we were unable to check 
our prevalence estimate with published data for Ontario 
(Supplementary Table 3 for England and Supplementary 
Table 4 for Ontario). In England, conditions were coded 
using previously published SNOMED code list [2, 45] 
and/or prescription code from CPRD (see Supplemen-
tary Table  3). For Ontario, conditions were identified 
using a mix of disease-specific registries using validated 
algorithms for health administrative data, and from 
OHIP, DAD, OMHRS and NACRS datasets using case 
ascertainment algorithms from the Canadian Chronic 
Disease Surveillance system [46, 47] or code sets iden-
tified from prior research studies (see Supplementary 
Table 4). For each person in the dataset, we summed the 
total number of conditions prevalent at baseline.

Statistical analyses
The final analytical sample (England: N = 599,487, 
Ontario: N = 594,546) included those with complete data 
on baseline sex, age and deprivation (England: N = 513 
excluded, Ontario: N = 5,474 excluded). Excluded 
patients in England and Ontario are more likely to be 
younger and male and in Ontario they had more long-
term conditions (Supplementary Table 5).

The association between survival time and deprivation 
was modelled using Cox proportional hazards models. It 
was not possible to merge the two patient-level data sets 
so separate analyses were done for England and Ontario 
but the same modelling approach was used. For England, 
two-level models were used to allow for the clustering of 
patients within GP practices. The assumption of propor-
tional hazard was tested statistically and visually using 
Schoenfeld residuals in a model that includes, age, sex, 
number of long-term conditions and deprivation. For 
England, the results show varying baseline hazard for age 
(p < 0.001) and sex (p = 0.060) at later follow up times. 
For Ontario, the results show varying baseline hazard 
for age (p < 0.001) and number of conditions (p < 0.001) 
at later follow up times. However, when these variables 
were included as time-varying for the respective mod-
els in both jurisdictions, the estimates did not materially 
change and therefore the simpler models are presented 
and were deemed to be representative.

Model 1 included age, sex and deprivation. In model 
2, we included deprivation and the interaction of age 
by deprivation and compared with model 1 to test the 
hypothesis that the association between deprivation 
and mortality differs with age. If the interaction was sig-
nificant then subsequent models were stratified by age 
groups, to allow for the relationship between depriva-
tion and mortality to differ between working age (18–
64 years) and older (65 + years) adults.

To examine whether number of long-term conditions 
contributed to the association between mortality and 
deprivation, we added number of long-term conditions 
in the model (model 3) [48]. Number of long-term condi-
tions was added as a continuous variable after confirming 
the linear association with survival time (Supplementary 
Fig. 1). Number of long-term conditions was capped at 6 
conditions as non-linearity in survival was observed for 
persons with more than 6 conditions which was likely 
affected by smaller and variable sample sizes in these 
groups.

To test whether the association between mortality 
hazard and number of conditions was consistent across 
deprivation groups, interaction terms for deprivation by 
number of conditions were added to the stratified models 
(model 4).

To assess the improvement in goodness of fit, likeli-
hood ratio tests were performed for nested models. Sig-
nificance refers to statistical significance at 5% level.

In sensitivity analyses, models 3 and 4 were repeated for 
England and Ontario to include this list of 26 conditions.

All statistical analyses were conducted using R software 
for England and using SAS (data management) and Stata 
(analysis) for Ontario, Canada.

Results
At the end of the follow up period, 32,804 (5.5%) par-
ticipants had died in England and 27,947 (4.7%) partici-
pants had died in Ontario (Table 1). A higher proportion 
of participants was censored during the follow up period 
in England than in Ontario (Table  1), those censored 
in England were more likely to be working age and had 
fewer long-term conditions compared with the sample 
with full follow-up time, but they were spread evenly 
across deprivation deciles (Supplementary Table  6). 
Those living in the most deprived areas in England were 
more likely to be younger compared to patients living in 
the least deprived areas, whereas in Ontario, patients liv-
ing in the most deprived tenth of areas were more likely 
to be either younger (18–29  years) or older (80 + years) 
(Table 2).

The unadjusted mean number of long-term conditions 
at baseline was lower in England (mean = 0.70, standard 
deviation = 1.11) than Ontario (mean = 0.90, standard 
deviation = 1.31) (Table  1). For both jurisdictions, those 
living in most deprived areas had a higher mean number 
of long-term conditions compared to those living in the 
least deprived areas (Table 2). The distributions of num-
ber of conditions by age group in England and Ontario 
(Canada) are similar (Supplementary Fig.  2) and preva-
lence of conditions for each jurisdiction is shown in a 
supplementary table (Supplementary Table 7).
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We found a statistically significant interaction between 
age and deprivation in England and Ontario (supple-
mentary table 8 for full estimates). Age-stratified models 
show that the deprivation gradient in mortality rate was 
steeper in working age adults than older adults; this is 
consistent for England and Ontario (Fig. 1).

For example, in England, those living in the most 
deprived areas (decile 10) had a higher mortality rate 
compared to their counterparts living in the least 
deprived areas (decile 1), this was evident for working age 
adults and older adults with hazard ratios (HR) of 3.25 
(95% CI 2.88, 3.66; Table  3 for full estimates) and 1.71 
(95% CI 1.61,1.81; Table 4 for full estimates), respectively. 
In Ontario, for working age and older adults, those liv-
ing in the most deprived areas (decile 10) had a higher 
mortality rate compared to those living in the least 
deprived areas (decile 1), with HRs of 2.42 (95% CI 2.17, 
2,71; Table  3 for full estimates) and 1.35 (95% CI 1.27, 
1.43; Table 4 for full estimates), respectively. For both age 
groups, the deprivation gradient was steeper in England 
than in Ontario (Fig. 1).

Number of long-term conditions was associated with 
increased mortality rate; this was stronger for working 
age adults (Table  3) than older adults (Table  4). Work-
ing age adults had a higher mortality rate (HR = 1.60, 
95% CI 1.56,1.64) associated with an increase of one 

condition than older adults (HR = 1.26, 95% CI 1.25,1.27) 
in England. Similarly, in Ontario, the mortality hazard 
ratio associated with increasing number of conditions 
was higher for working age adults (HR = 1.69, 95% CI 
1.66,1.72) than older adults (HR = 1.39, 95% CI 1.38,1.40). 
After accounting for number of long-term conditions, the 
association between deprivation and mortality decreased 
in magnitude but remained substantial and significant 
(Tables 3 and 4 for full estimates).

To test whether the association between number of 
long-term conditions and mortality differed by the level 
of deprivation, interactions between number of condi-
tions and deprivation were added in the age-stratified 
models. Adding the interactions statistically improved 
the model fit for working age adults in Ontario and older 
adults living in England and Ontario (Supplementary 
Table  9 and 10 for full regression coefficients). Adults 
with more long-term conditions had a higher mortality 
rate and those living in deprived areas also had a higher 
mortality rate but for adults living in the most deprived 
areas, the relative difference in mortality with more vs no 
conditions was smaller compared to those living in least 
deprived areas. This means that having more conditions 
attenuates the deprivation gradient in mortality. This was 
true for working age adults in Ontario (Fig. 2) and older 
adults (Fig. 3) in England and Ontario.

The pattern of results was similar in the sensitivity 
analyses (Supplementary Table 11–12).

Discussion
Contribution of our study
Our analysis confirms that having multiple long-term 
conditions is associated with higher mortality rate. This 
association was stronger in working age compared with 
older adults. The analysis also highlights the contribution 
of multiple long-term conditions to socioeconomic ine-
qualities in the survival of working age and older adults. 
Number of conditions and socioeconomic deprivation 
both contribute to higher mortality risk, but number of 
conditions moderates the socioeconomic gradient in 
mortality: a shallower gradient was seen for persons with 
more long-term conditions.

Comparison with previous research
Our findings based on large population-based samples 
from two jurisdictions (England and Ontario) add to the 
evidence that having multiple long-term conditions is 
strongly associated with a higher mortality rate [13–15] 
and that the influence of more conditions on mortality is 
stronger in working age than in older adults [13]. Some 
previous studies have focused on the interaction of socio-
economic deprivation and number of conditions and our 
findings align with those that showed increasing number 

Table 1 Characteristics of analytical sample in England and 
Ontario (Canada)

England Canada (Ontario)

N 599,487 594,526

Baseline age N (%)

 Working age adults (18–
64 years)

462,761 (77.2%) 474,824 (79.9%)

 Older adults (65 + years) 136,726 (22.8%) 119,702 (20.1%)

 Women N (%) 300,098 (50.1%) 305,309 (51.4%)

Deprivation Decile

 1- Least Deprived 67,235 (11.2%) 64,575 (10.9%)

 2 63,421 (10.6%) 66,409 (11.2%)

 3 63,803 (10.6%) 62,172 (10.5%)

 4 60,109 (10.0%) 61,854 (10.4%)

 5 57,615 (9.6%) 56,641 (9.5%)

 6 58,714 (9.8%) 58,272 (9.8%)

 7 61,846 (10.3%) 55,394 (9.3%)

 8 56,833 (9.5%) 56,865 (9.6%)

 9 59,020 (9.8%) 54,743 (9.2%)

 10- Most Deprived 50,891 (8.5%) 57,601 (9.7%)

Died during follow-up N (%) 32,804 (5.5%) 27,947 (4.7%)

Censored during follow up N (%) 139,124 (23.2%) 9,312 (1.6%)

Baseline number of long-term 
conditions mean (sd)

0.70 (1.11) 0.90 (1.31)
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of conditions attenuates socioeconomic inequalities in 
mortality [27, 29, 32]. We have shown that this is consist-
ent for older adults in England and both working age and 
older adults in Ontario. Our findings are also similar to 
a study set in Ontario which found little evidence for an 
interaction between multiple long-term conditions and 
socioeconomic factors but a trend towards a stronger 
association between multiple conditions and mortality 
amongst individuals living in the highest income areas 
[31].

Others have found that the influence of multiple long-
term conditions on mortality remained consistent across 
levels of socioeconomic deprivation [13, 28] or shown 
shorter survival in people with multiple long-term condi-
tions living in the most deprived areas [30]. Our findings 
contradict these and there are various possible explana-
tions for the differences.

The two studies finding no interaction between multi-
ple long-term conditions and socioeconomic factors [13, 
28] were conducted in the UK used UK Biobank data and 
Whitehall II cohort. These are high quality studies but 
participants are mainly of white British ethnicity from 

less deprived groups. The occupational cohort tends to 
be healthier compared to the general UK population so 
the findings of those studies may reflect lower socioeco-
nomic diversity with lower condition prevalence rates 
[13, 28]. So, estimates on outcomes particularly in higher 
counts of conditions are likely to be conservative [15].

One study conducted in England found shorter survival 
in men with two or more long-term conditions living in 
the most compared with the least deprived areas [30]. 
The authors proposed, though did not test, that sex dif-
ferences in survival after the onset of multiple long-term 
conditions could be due to differences in disease combi-
nations. In fact, studies conducted with similar cohorts in 
Ontario found that disease combinations somewhat var-
ied between men and women within age groups [7].

Possible mechanisms
Health service factors may contribute to poorer survival 
of people with multiple long-term conditions. People 
managing multiple long-term conditions tend to require 
access to multiple health and social care services, how-
ever, they report poorer access to primary care, poorer 

Table 2 Characteristics of analytical sample by deprivation deciles in England and Ontario (Canada)

Deprivation N Working age 
adults (18–
64 years)

Older adults (65 + years) Women N (%) Died during 
follow-up N 
(%)

Baseline number of long-
term conditions mean 
(sd)

England (IMD)

 1 – Least Deprived 67,235 49,212 (73.2%) 18,023 (26.8%) 34,264 (51.0%) 3,365 (5.0%) 0.67 (1.05)

 2 63,421 46,413 (73.2%) 17,008 (26.8%) 32,114 (50.6%) 3,519 (5.5%) 0.70 (1.09)

 3 63,803 47,275 (74.1%) 16,528 (25.9%) 32,122 (50.3%) 3,618 (5.7%) 0.71 (1.11)

 4 60,109 44,871 (74.6%) 15,238 (25.4%) 30,036 (50.0%) 3,381 (5.6%) 0.70 (1.10)

 5 57,615 43,579 (75.6%) 14,036 (24.4%) 28,749 (49.9%) 3,193 (5.5%) 0.71 (1.11)

 6 58,714 45,292 (77.1%) 13,422 (22.9%) 29,570 (50.4%) 3,198 (5.4%) 0.71 (1.13)

 7 61,846 48,712 (78.8%) 13,134 (21.2%) 30,896 (50.0%) 3,406 (5.5%) 0.69 (1.12)

 8 56,833 46,443 (81.7%) 10,390 (18.3%) 28,139 (49.5%) 2,917 (5.1%) 0.67 (1.11)

 9 59,020 48,856 (82.8%) 10,164 (17.2%) 29,226 (49.5%) 3,142 (5.3%) 0.69 (1.13)

 10- Most Deprived 50,891 42,108 (82.7%) 8,783 (17.3%) 24,982 (49.1%) 3,065 (6.0%) 0.74 (1.18)

 Total 599,487 462,761 (77.2%) 136,726 (22.8%) 300,098 (50.1%) 32,804 (5.5%) 0.70 (1.11)

Canada (Ontario) (Material Deprivation)

 1 – Least Deprived 64,575 52,164 (80.8%) 12,411 (19.2%) 32,887 (50.9%) 2,454 (3.8%) 0.77 (1.20)

 2 66,409 53,564 (80.7%) 12,845 (19.3%) 34,055 (51.3%) 2,509 (3.8%) 0.81 (1.23)

 3 62,172 50,173 (80.7%) 11,999 (19.3%) 31,780 (51.1%) 2,397 (3.9%) 0.83 (1.23)

 4 61,854 49,414 (79.9%) 12,440 (20.1%) 31,709 (51.3%) 2,740 (4.4%) 0.87 (1.28)

 5 56,641 45,012 (79.5%) 11,629 (20.5%) 29,158 (51.5%) 2,550 (4.5%) 0.89 (1.28)

 6 58,272 46,238 (79.3%) 12,034 (20.7%) 29,906 (51.3%) 2,784 (4.8%) 0.93 (1.33)

 7 55,394 43,774 (79.0%) 11,620 (21.0%) 28,422 (51.3%) 2,813 (5.1%) 0.95 (1.34)

 8 56,865 44,435 (78.1%) 12,430 (21.9%) 29,499 (51.9%) 3,105 (5.5%) 0.99 (1.39)

 9 54,743 43,141 (78.8%) 11,602 (21.2%) 28,083 (51.3%) 3,280 (6.0%) 1.01 (1.42)

 10- Most Deprived 57,601 46,909 (81.4%) 10,692 (18.6%) 29,810 (51.8%) 3,315 (5.8%) 1.02 (1.43)

 Total 594,526 474,824 (79.9%) 119,702 (20.1%) 305,309 (51.4%) 27,947 (4.7%) 0.90 (1.31)
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Fig. 1 Mortality Hazard Ratio (log-scaled) by deprivation for the two age groups in England and Ontario (Canada) a. Estimates are shown for 
persons with no condition. Mortality hazard ratio greater than 1 means a higher mortality rate during follow up compared to a person living in the 
least deprived areas (decile 1) from the same age group in the same jurisdiction. a Based on a model that includes linear age, sex and deprivation 
stratified by age groups

Table 3 Hazard Ratios (HR) and Confidence Intervals (CI) of model 2 and 3 for working age adults (18–64 years) in England and 
Ontario (Canada)

England Ontario

Model 2 Model 3 Model 2 Model 3

Covariate Reference Group HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age per 1 year increase 1.09 1.09–1.09 1.07 1.07–1.07 1.08 1.08–1.09 1.06 1.05–1.06

Women Men 0.70 0.66–0.74 0.69 0.66–0.73 0.61 0.58–0.64 0.61 0.58–0.64

Deprivation 1- Least Deprived

2 1.31 1.14–1.49 1.27 1.11–1.46 1.03 0.90–1.16 0.99 0.88–1.13

3 1.31 1.15–1.50 1.26 1.11–1.44 1.04 0.91–1.18 0.99 0.87–1.13

4 1.49 1.31–1.70 1.42 1.25–1.62 1.20 1.06–1.36 1.13 1.00–1.28

5 1.52 1.33–1.73 1.42 1.24–1.62 1.26 1.11–1.43 1.17 1.03–1.32

6 1.62 1.43–1.85 1.47 1.29–1.67 1.37 1.21–1.54 1.20 1.06–1.36

7 1.85 1.63–2.11 1.67 1.46–1.90 1.49 1.32–1.69 1.29 1.14–1.46

8 2.26 1.99–2.55 1.94 1.72–2.19 1.71 1.52–1.93 1.44 1.28–1.61

9 2.48 2.19–2.91 2.08 1.84–2.35 1.94 1.74–2.18 1.59 1.42–1.79

10- Most Deprived 3.25 2.88–3.66 2.64 2.34–2.98 2.42 2.17–2.71 1.83 1.64–2.05

Baseline number of conditions per 1 condition increase 1.60 1.56–1.64 1.69 1.66–1.72

Likelihood ratio test between 
Model 2 and 3

X2(1) = 1486.90, p < 0.001 X2(1) = 3186.19, p < 0.001
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communication with primary care staff [49] and higher 
perceived unmet need in primary care and local services 
[50, 51]. Despite higher health care use such as more 
frequent primary care and ambulatory care visits[19], 
people managing multiple long-term conditions experi-
ence fragmented care [52] and poorer outcomes such 

as higher emergency admissions [19], suggesting their 
needs are not fully met by the current health care system. 
Also having multiple long-term conditions, particularly a 
combination of physical and mental health conditions, is 
associated with lower health literacy [53] suggesting pos-
sible difficulties in navigating the complex health system. 

Table 4 Hazard Ratios (HR) and Confidence Intervals (CI) of model 2 and 3 for older adults (65 + years) in England and Ontario 
(Canada)

England Ontario

Model 2 Model 3 Model 2 Model 3

Covariate Reference Group HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age per 1 year increase 1.13 1.13–1.13 1.11 1.11–1.12 1.12 1.12–1.12 1.10 1.10–1.10

Women Men 0.76 0.74–0.78 0.78 0.76–0.80 0.72 0.70–0.73 0.76 0.74–0.79

Deprivation 1- Least Deprived

2 1.11 1.06–1.17 1.09 1.03–1.14 1.00 0.94–1.06 0.98 0.92–1.04

3 1.18 1.12–1.24 1.13 1.08–1.19 1.00 0.94–1.06 0.98 0.92–1.04

4 1.18 1.12–1.25 1.14 1.08–1.20 1.09 1.03–1.16 1.05 0.99–1.11

5 1.20 1.13–1.26 1.14 1.09–1.21 1.11 1.04–1.18 1.08 1.01–1.15

6 1.24 1.17–1.31 1.16 1.1–1.23 1.11 1.05–1.18 1.05 0.99–1.12

7 1.36 1.29–1.43 1.27 1.2–1.34 1.17 1.10–1.24 1.11 1.05–1.18

8 1.42 1.34–1.5 1.30 1.23–1.38 1.16 1.09–1.23 1.10 1.04–1.17

9 1.54 1.46–1.63 1.39 1.32–1.47 1.27 1.19–1.34 1.17 1.11–1.24

10 -Most Deprived 1.71 1.61–1.81 1.51 1.43–1.60 1.35 1.27–1.43 1.21 1.14–1.29

Baseline number of conditions per 1 condition increase 1.26 1.43–1.70 1.39 1.38–1.40

Likelihood ratio test between 
Model 2 and 3

X2(1) = 3643.10, p < 0.001 X2(1) = 6475.13, p < 0.001

Fig. 2 Mortality Hazard Ratio (log scaled) by deprivation and number of conditions for working adults (18–64 years) in England and Ontario 
(Canada). Estimates are shown based a model with sex, deprivation, number of long-term conditions and interaction between deprivation and 
number of conditions. Mortality hazard ratio of greater than 1 means a higher likelihood of dying during follow up compared to a person from the 
least deprived areas (decile 1) and no conditions
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Interventions that promote self-management with the 
aim to increase personalised and self-care (e.g., support-
ing medical adherence or condition-specific education) 
on their own and in combination with interventions that 
promote a collaborative process with better communica-
tion between patients and clinicians across different care 
settings (such as case management, multidisciplinary 
teams and discharge management) have been shown to 
reduce care fragmentation and improve outcomes for 
people managing long-term conditions [54].

Some previous studies might lead us to hypothesise 
that socioeconomic deprivation would exacerbate poor 
outcomes for individuals with multiple long-term con-
ditions. Individuals from areas of high deprivation have 
a faster acquisition of additional long-term conditions 
[55] and are more likely to have complex multimorbidity 
(three or more conditions affecting three or more dif-
ferent body systems) [2], a combination of physical and 
mental conditions [56] or frailty [57] that may make it 
harder to navigate day to day living and care. Qualitative 
evidence highlights how living with multiple long-term 
conditions in deprived areas often requires people to 
manage physical, mental and social problems and chal-
lenges their ability to preserve autonomy [58, 59]. For 
example, having a manual job that is physically exhaust-
ing, an unfavourable living situation that make it diffi-
cult to access and engage with the necessary support, 
not being able to speak English that makes it challeng-
ing to navigate healthcare and to get a clear under-
standing of the conditions and treatments they need 

to manage (i.e., having lower health literacy) often also 
contribute to the difficulty in adopting healthy behav-
iours [60]. This suggests that the needs of people with 
multiple long-term conditions particularly in deprived 
areas go beyond the management of physical and men-
tal symptoms and therefore require different types of 
care and self-management techniques. This is echoed by 
the experience of GPs working in areas of high depri-
vation where they feel that the current healthcare sys-
tem and self-management strategies do not meet the 
patient’s needs and they are not allocated resources to 
provide the optimal additional support [61]. There are 
fewer GP practices and GPs per head after adjusting for 
population need in areas of higher deprivation [62].

However, our results show that the relative difference 
in mortality between those with no and multiple long-
term conditions is smaller in more socioeconomically 
deprived areas. It is possible that having existing condi-
tions may increase the opportunity to see physicians 
which may lead to better detection and management of 
subsequent conditions [63]. It has been suggested that 
increasing number of conditions may be associated with 
better quality of care when measured through process or 
outcome indicators such as all-cause mortality and worse 
quality of care when measured through patient reported 
information such as quality of life measures, so, we may 
not have fully captured the added burden of increasing 
multiple long-term conditions in deprived areas [64].

On the other hand, the shallower gradient in depri-
vation for increasing number of conditions may be an 

Fig. 3 Mortality Hazard Ratio (log scaled) by deprivation and number of conditions for older adults (65 + years) in England and Ontario (Canada). 
Estimates are shown based a model with sex, deprivation, number of long-term conditions and interaction between deprivation and number 
of conditions. Mortality hazard ratio of greater than 1 means a higher likelihood of dying during follow up compared to a person from the least 
deprived areas (decile 1) and no conditions
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expression of “healthy survivor bias”. It could be that peo-
ple still alive and eligible for inclusion in our study are 
different from those who have already died with multiple 
long-term conditions. For example, they may be more 
likely to present with an accumulation of less lethal con-
ditions such as hypertension or arthritis compared with 
their counterparts that died before the study start [16, 
32, 65–68]. Our study may therefore be underestimat-
ing the mortality risk of multiple long-term conditions 
especially in deprived areas where people acquire these 
at younger ages [8, 9]. Furthermore, our study assumes 
that increasing number of conditions represents worsen-
ing disease trajectories and clinical complexity whereas 
the impact on mortality may be smaller for certain con-
ditions [19]. Alternative study designs and longer follow-
up are needed to assess worsening disease trajectories 
including accumulation, severity of conditions that may 
differ by deprivation [19, 30, 32, 55, 69]. Complexity of 
care may be mediated by the trajectory and combina-
tion of conditions and the degree to which management 
and treatment of conditions interact with one another 
[70–72]. Consequently, number of conditions may not 
be reflective of the complexity of care needed [58, 59]. 
Currently there is no consensus on the best method to 
identify patterns or clusters of conditions and there is a 
lack of research on how clusters and condition trajecto-
ries may influence complexity of management [4, 72, 73] 
Future studies should explore how severity, complexity of 
clusters of conditions and the accumulation of new con-
ditions may influence the survival of people with multiple 
long-term conditions particularly in areas of deprivation.

Strengths and limitations
A strength of our study is the sample sizes of over half 
a million people in England and in Ontario with a long 
follow up period. The replication in two jurisdictions 
with great similarity in the findings is an indication of the 
robustness of the analysis. Currently, there is no single 
accepted definition or measurement of multiple long-
term conditions [74] and this has previously made it dif-
ficult to compare findings [75] but our study captured the 
same conditions and used the same analytical protocol. 
Emerging work on establishing a consensus is under-
way [76] and likely to be cited as the standard for defini-
tion and description which will make comparability and 
reproducibility easier [77].

The use of population-based electronic health records 
means that we reduced our selection bias, on the other 
hand we cannot assume accuracy and standardisation 
of coding in the database [78, 79]. Additionally, routine 
health records do not include high quality information 

on severity of conditions, frailty or measures of material, 
psychosocial or behavioural factors which may contrib-
ute to higher mortality of people with multiple long-term 
conditions. Similarly, we only had access to area-level 
deprivation, and this is a marker of contextual risk and 
may not be representative of individual social determi-
nants of health and day to day living. This is a common 
limitation when using routine health records. Even so, 
individual and area-level measures of socioeconomic 
position have shown similar relationship with morbidity 
[5]. In addition, exploring the rate of development of new 
conditions during follow up was beyond the scope of this 
study. Our study period excludes the start of the COVID-
19 pandemic. The COVID-19 pandemic disproportion-
ately affected those in the most deprived areas [80] and 
it also disrupted usual care with an overall reduction in 
consultations or in appointments [81] and the halt of ser-
vices designed to monitor new conditions and address 
inequalities such as the NHS health check [39]. It is pos-
sible that our study underestimates the impact of multi-
ple long-term conditions on inequalities in survival in the 
context of the pandemic.

Conclusion
Long-term conditions are increasing in prevalence par-
ticularly among working age adults in deprived areas in 
England and Ontario [2, 7]. Having multiple long-term 
conditions and living in deprived areas is associated with 
a higher mortality rate in working age and older adults 
in England and Ontario. Both jurisdictions need to pay 
greater attention to working age adults with multiple 
long-term conditions. Currently the health care system 
has a fragmented approach in the management of multiple 
long-term conditions which results in high and complex 
unmet needs, particularly in areas of high deprivation. 
Evidence suggests that improving the availability, access 
and relationships with local health and social care services 
and improving coordination between different services 
is necessary to help people manage multiple long-term 
conditions and prevent the development of new condi-
tions particularly in areas of deprivation [60]. There is also 
a need for health care professionals to better understand 
the groups experiencing inequalities particularly in their 
local area so they can encourage individuals to take con-
trol of their own health and manage their health condi-
tions, for example, giving targeted recommendations and 
encouragement on self-management and care based on 
their social and cultural context [60]. Further work should 
explore how we can better support patients and clinicians 
in preventing the development and improving the man-
agement of multiple-long term conditions.



Page 11 of 13Alarilla et al. BMC Public Health          (2023) 23:472  

Abbreviations
HES  Hospital Episode Statistics
IMD  Index of Multiple Deprivation
ON-MARG indices  2016 Material deprivation index in Ontario
CPRD  Clinical Practice Research Datalink

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 023- 15370-y.

Additional file 1: Supplementary Table 1. Health administrative data 
sources used (Ontario). Supplementary Table 2. Description of the 
2015 Index of Multiple Deprivation (IMD) and 2016 ON-MARG material 
deprivation index (ON). Supplementary Table 3. Time criteria for long-
term conditions counted in the current study (including those counted 
in the sensitivity analysis) in England. Supplementary Table 4: Case 
ascertainment algorithms for long-term conditions, applied to Ontario 
(Canada) health administrative data sources. Supplementary Table 5. 
Demographic characteristics of people with missing data that were 
excluded from the analytical sample by jurisdiction. Supplementary 
Table 6. Descriptive table of those censored in England and Ontario 
(Canada). Supplementary Table 7. Prevalence of long-term conditions by 
jurisdiction. Supplementary Table 8. Cox regression estimates for model 
1 and 2 in England and Ontario (Canada). Supplementary Table 9. Cox 
regression estimates from model 3 and 4 stratified for working age adults 
(18–64 years) in England and Ontario (Canada). Supplementary Table 10. 
Cox regression estimates from model 3 and 4 stratified for older adults 
(65 + years) in England and Ontario (Canada). Supplementary Table 11. 
Cox Regression Estimates from the sensitivity analyses (to include the list 
of 26 conditions) of model 3 and 4 for working age adults (18–64 years) in 
England and Ontario (Canada). Supplementary Table 12. Cox Regression 
Estimates from the sensitivity analyses (to include the list of 26 conditions) 
of model 3 and 4 for older adults (65 + years) in England and Ontario 
(Canada).

Additional file 2: Supplementary Figure 1. Linear association between 
number of long-term conditions and mortality for England and Ontario 
(Canada). Supplementary Figure 2. Distribution of number of conditions 
by age group and jurisdiction.

Acknowledgements
This work uses data provided by patients and collected by the NHS as part 
of their care and support in England. We thank the Data Management Team 
at the Health Foundation. In Ontario, this study was supported by the Health 
System Performance Research Network (HSPN) and by ICES, which is funded 
by an annual grant from the Ontario Ministry of Health and Long-Term Care 
(MOHLTC). Parts of this material are based on data and information compiled 
and provided by MOHLTC, the Canadian Institute for Health Information (CIHI) 
and Cancer Care Ontario (CCO).

Authors’ contributions
All authors contributed to the conception, design of the work and interpreta-
tion of data. AA, LM, JH and MS contributed to the acquisition and analysis 
of the data and the software used in the work. AA and MS contributed to 
the original draft of the work and all authors have revised and approved the 
submitted version.

Funding
This study was funded by the Health Foundation (https:// www. health. org. uk/) 
as part of core activity of members of staff at the Health Foundation (AA, HK, 
JH, MS). This study was also supported by ICES, which is funded by an annual 
grant from the Ontario Ministry of Health and Long-Term Care (MOHLTC) 
and supported by a grant from the Ontario Ministry of Health (MOH; https:// 
www. ontar io. ca/ page/ minis try- health) to the Health System Performance 
Network (HSPN): #694. Parts of this material are based on data and information 
compiled and provided by the Ontario Ministry of Health, Ontario Health, CIHI, 
and Statistics Canada (LM, APK, WPW). No other sponsors or funders played 
a role in the study design, data collection, analysis, decisions to publish or 
preparation of manuscript.

Availability of data and materials
The data that support the findings of this study are available from the Clinical 
Practice Research Datalink (CPRD) in England or at ICES in Ontario, but restric-
tions apply to the availability of these data, which were used under licence 
for the current study, and so are not publicly available. Data may however be 
available on application directly to the CPRD or ICES. The analytical code can 
be found on GitHub: https:// github. com/ HFAna lytic sLab/ MLTCs_ depri vation_ 
and_ morta lity.

Declarations

Ethics approval and consent to participate
In England, this project was approved by the CPRD team (eRAP protocol num-
ber 20_000239), informed individual consent was not required as patients are 
pseudonymised and cannot be identified from CPRD. In Ontario, these data 
are linked using unique encoded identifiers and analysed at ICES. The use of 
data in this project was authorized under Sect. 45 of Ontario’s Personal Health 
Information Protection Act, which does not require review by a Research 
Ethics Board. Informed consent from participants was not required because 
we used health information routinely collected in Ontario and held in health 
administrative databases.

Consent for publication
Not applicable.

Competing interests
All authors have reported no competing interests. The analyses, conclusions, 
opinions and statements expressed herein are solely those of the authors 
and do not reflect those of the funding or data sources; no endorsement is 
intended or should be inferred.

Author details
1 The Health Foundation, 8 Salisbury Square, London, UK. 2 ICES, Toronto, 
ON M4N 3M5, Canada. 3 Health System Performance Network, Toronto, ON, 
Canada. 4 Department of Health Sciences, Lakehead University, Thunder Bay, 
ON, Canada. 5 Institute of Health Policy Management & Evaluation, University 
of Toronto, Toronto, ON, Canada. 6 Institute for Better Health, Trillium Health 
Partners, Mississauga, ON, Canada. 

Received: 19 May 2022   Accepted: 2 March 2023

References
 1. KonéPefoyo AJ, Bronskill SE, Gruneir A, Calzavara A, Thavorn K, Petrosyan 

Y, et al. The increasing burden and complexity of multimorbidity disease 
epidemiology - Chronic. BMC Public Health. 2015;15(1):1–11.

 2. Head A, Fleming K, Kypridemos C, Schofield P, Pearson-Stuttard J, 
O’Flaherty M. Inequalities in incident and prevalent multimorbidity in 
England, 2004–19: a population-based, descriptive study. Lancet Healthy 
Longev. 2021;2(8):e489–97.

 3. Fortin M, Stewart M, Poitras ME, Almirall J, Maddocks H. A systematic 
review of prevalence studies on multimorbidity: Toward a more uniform 
methodology. Ann Fam Med. 2012;10(2):142–51.

 4. Violan C, Foguet-Boreu Q, Flores-Mateo G, Salisbury C, Blom J, Freitag 
M, et al. Prevalence, determinants and patterns of multimorbidity in 
primary care: a systematic review of observational studies. PLoS ONE. 
2014;9(7):3–11.

 5. Pathirana TI, Jackson CA. Socioeconomic status and multimorbid-
ity: a systematic review and meta-analysis. Aust N Z J Public Health. 
2018;42(2):186–94.

 6. Mondor L, Cohen D, Khan AI, Wodchis WP. Income inequalities in 
multimorbidity prevalence in Ontario, Canada: a decomposition analysis 
of linked survey and health administrative data. Int J Equity Health. 
2018;17(1):1–13.

 7. KonéPefoyo A, Mondor L, Maxwell C, Kabir US, Rosella LC, Wodchis WP. 
Rising burden of multimorbidity and related socio-demographic fac-
tors: a repeated cross-sectional study of Ontarians. Can J Public Health. 
2021;112(4):737–47.

https://doi.org/10.1186/s12889-023-15370-y
https://doi.org/10.1186/s12889-023-15370-y
https://www.health.org.uk/
https://www.ontario.ca/page/ministry-health
https://www.ontario.ca/page/ministry-health
https://github.com/HFAnalyticsLab/MLTCs_deprivation_and_mortality
https://github.com/HFAnalyticsLab/MLTCs_deprivation_and_mortality


Page 12 of 13Alarilla et al. BMC Public Health          (2023) 23:472 

 8. Cassell A, Edwards D, Harshfield A, Rhodes K, Brimicombe J, Payne R, et al. 
The epidemiology of multimorbidity in primary care: A retrospective 
cohort study. Br J Gen Pract. 2018;68(669):e245–51.

 9. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology 
of multimorbidity and implications for health care, research, and medical 
education: a cross-sectional study. The Lancet. 2012;380(9836):37–43.

 10. Stafford M, Steventon A, Thorlby R, Fisher R, Turton C, Deeny S. Briefing: 
Understanding the health care needs of people with multiple health 
conditions. London (UK): The Health Foundation; 2018. Available from: 
https:// www. health. org. uk/ publi catio ns/ under stand ing- the- health- care- 
needs- of- people- with- multi ple- health- condi tions. [Cited 2022 Apr 20]. 

 11 Moin JS, Moineddin R, Upshur REG. Measuring the association between 
marginalization and multimorbidity in Ontario, Canada: A cross-sectional 
study. J Comorb. 2018;8(1):2235042X1881493.

 12. Boakye D, Rillmann B, Walter V, Jansen L, Hoffmeister M, Brenner H. Impact 
of comorbidity and frailty on prognosis in colorectal cancer patients: a 
systematic review and meta-analysis. Cancer Treat Rev. 2018;64:30–9.

 13. Jani BD, Hanlon P, Nicholl BI, McQueenie R, Gallacher KI, Lee D, et al. Rela-
tionship between multimorbidity, demographic factors and mortality: 
Findings from the UK Biobank cohort. BMC Med. 2019;17(1):1–13.

 14. Nunes BP, Flores TR, Mielke GI, Thumé E, Facchini LA. Multimorbidity and 
mortality in older adults: a systematic review and meta-analysis. Arch 
Gerontol Geriatr. 2016;67:130–8.

 15. Hanlon P, Jani BD, Nicholl B, Lewsey J, McAllister DA, Mair FS. Associations 
between multimorbidity and adverse health outcomes in UK Biobank 
and the SAIL Databank: a comparison of longitudinal cohort studies. PLoS 
Med. 2022;19(3):e1003931.

 16 Munyombwe T, Dondo TB, Aktaa S, Wilkinson C, Hall M, Hurdus B, et al. 
Association of multimorbidity and changes in health-related quality of 
life following myocardial infarction: a UK multicentre longitudinal patient-
reported outcomes study. BMC Med. 2021;19(1):227.

 17 Hajat C, Stein E. The global burden of multiple chronic conditions: a nar-
rative review. Prev Med Rep. 2018;12(September):284–93. https:// doi. org/ 
10. 1016/j. pmedr. 2018. 10. 008.

 18 Tran PB, Kazibwe J, Nikolaidis GF, Linnosmaa I, Rijken M, van Olmen J. 
Costs of multimorbidity: a systematic review and meta-analyses. BMC 
Med. 2022;20(1):1–15. https:// doi. org/ 10. 1186/ s12916- 022- 02427-9.

 19. Mbuya-Bienge C, Simard M, Gaulin M, Candas B, Sirois C. Does socio-
economic status influence the effect of multimorbidity on the frequent 
use of ambulatory care services in a universal healthcare system? A 
population-based cohort study. BMC Health Serv Res. 2021;21(1):1–11.

 20. Gopfert A, Deeny SR, Fisher R, Stafford M. Primary care consultation length 
by deprivation and multimorbidity in England: an observational study 
using electronic patient records. Br J Gen Pract. 2021;71(704):E185–92.

 21. Palladino R, Lee JT, Ashworth M, Triassi M, Millett C. Associations between 
multimorbidity, healthcare utilisation and health status: Evidence from 16 
European countries. Age Ageing. 2016;45(3):431–5.

 22 Dean T, Koné A, Martin L, Armstrong J, Sirois C. Understanding the Extent 
of Polypharmacy and its Association With Health Service Utilization 
Among Persons With Cancer and Multimorbidity: A Population-Based Ret-
rospective Cohort Study in Ontario. Canada J Pharm Pract. 2022;0(0):1–12.

 23 Stairmand J, Signal L, Sarfati D, Jackson C, Batten L, Holdaway M, et al. 
Consideration of comorbidity in treatment decision making in mul-
tidisciplinary cancer team meetings: a systematic review. Ann Oncol. 
2015;26(7):1325–32. https:// doi. org/ 10. 1093/ annonc/ mdv025.

 24. Chen RC, Royce TJ, Extermann M, Reeve BB. Impact of age and comorbid-
ity on treatment and outcomes in elderly cancer patients. Semin Radiat 
Oncol. 2012;22(4):265–71.

 25. Koné AP, Scharf D. Prevalence of multimorbidity in adults with cancer, 
and associated health service utilization in Ontario, Canada: a population-
based retrospective cohort study. BMC Cancer. 2021;21(1):1–13.

 26 Maxwell CJ, Mondor L, PefoyoKoné AJ, Hogan DB, Wodchis WP. Sex differences 
in multimorbidity and polypharmacy trends: a repeated cross-sectional study 
of older adults in Ontario, Canada. PLoS One. 2021;16(4 April):1–17.

 27. Jensen NL, Pedersen HS, Vestergaard M, Mercer SW, Glümer C, Prior A. 
The impact of socioeconomic status and multimorbidity on mortality: a 
population-based cohort study. Clin Epidemiol. 2017;9:279–89.

 28. Dugravot A, Fayosse A, Dumurgier J, Bouillon K, Rayana TB, Schnitzler A, 
et al. Social inequalities in multimorbidity, frailty, disability, and transitions 
to mortality: a 24-year follow-up of the Whitehall II cohort study. Lancet 
Public Health. 2020;5(1):e42-50.

 29. Diderichsen F, Bender AM, Lyth AC, Andersen I, Pedersen J, Bjørner JB. 
Mediating role of multimorbidity in inequality in mortality: a register 
study on the Danish population. J Epidemiol Community Health (1978). 
2021. https:// doi. org/ 10. 1136/ jech- 2021- 218211.

 30. Chan MS, van den Hout A, Pujades-Rodriguez M, Jones MM, Matthews 
FE, Jagger C, et al. Socio-economic inequalities in life expectancy of older 
adults with and without multimorbidity: a record linkage study of 1.1 
million people in England. Int J Epidemiol. 2019;48(4):1340–51.

 31. Lane NE, Maxwell CJ, Gruneir A, Bronskill SE, Wodchis WP. Absence of a 
Socioeconomic Gradient in Older Adults’ Survival with Multiple Chronic 
Conditions. EBioMedicine. 2015;2(12):2094–100.

 32. Charlton J, Rudisill C, Bhattarai N, Gulliford M. Impact of deprivation on 
occurrence, outcomes and health care costs of people with multiple 
morbidity. J Health Serv Res Policy. 2013;18(4):215–23.

 33. Marmot M, Allen J, Boyce T, Goldblatt P, Morrison J. Health Equity in 
England: The Marmot Review 10 Years on. London (UK): The Health Foun-
dation. Available from: https:// www. health. org. uk/ publi catio ns/ repor ts/ 
the- marmot- review- 10- years- on. [February 2020; cited 2022 Apr 20].

 34. Shahidi FV, Parnia A, Siddiqi A. Trends in socioeconomic inequalities 
in premature and avoidable mortality in Canada, 1991–2016. CMAJ. 
2020;192(39):E1114–28.

 35. Office of National Statistics. Trend in life expectancy at birth and at age 
65 by socio-economic position based on the National Statistics Socio-
economic Classification, England and Wales: 1982—1986 to 2007—2011. 
Office of National Statistics; 2015. Available from: https:// www. ons. gov. 
uk/ peopl epopu latio nandc ommun ity/ birth sdeat hsand marri ages/ lifee 
xpect ancies/ bulle tins/ trend inlif eexpe ctanc yatbi rthan datag e65by socio 
econo micpo sitio nbase donth enati onals tatis ticss ocioe conom iccla ssifi 
catio nengl andan dwales/ 2015- 10- 21. [Cited 2022 Apr 20].

 36. Office of National Statistics. Socioeconomic inequalities in avoidable 
mortality in England: 2019 [Internet]. Office of National statistics; 
2021. Available from: https:// www. ons. gov. uk/ peopl epopu latio 
nandc ommun ity/ birth sdeat hsand marri ages/ deaths/ bulle tins/ socio 
econo micin equal ities inavo idabl emort ality ineng land/ 2019. [Cited 
2022 Apr 20].

 37. Kraftman L, Hardelid P, Banks J. Age specific trends in mortality disparities 
by socio-economic deprivation in small geographical areas of England, 
2002–2018: a retrospective registry study. The Lancet Regional Health - 
Europe. 2021;7:100136.

 38. Banks J, Cattan S, Kraftman L, Krutikova S. Mortality Inequality in England 
over the Past 20 Years. Fisc Stud. 2021;42(1):47–77.

 39 Cookson R, Mondor L, Asaria M, Kringos DS, Klazinga NS, Wodchis WP. 
Primary care and health inequality: difference-in-difference study com-
paring England and Ontario. PLoS One. 2017;12(11):e0188560.

 40. Anderson G, Frank JW, Naylor CD, Wodchis W, Feng P. Using socioeco-
nomics to counter health disparities arising from the covid-19 pandemic. 
BMJ. 2020:369:m2149.

 41. Wolf A, Dedman D, Campbell J, Booth H, Lunn D, Chapman J, et al. Data 
resource profile: Clinical Practice Research Datalink (CPRD) Aurum. Int J 
Epidemiol. 2019;48(6):1740-1740G.

 42. National data opt-out. NHS Digital; 2022. Available from: https:// digit 
al. nhs. uk/ servi ces/ natio nal- data- opt- out#: ~: text= The% 20nat ional% 
20data% 20opt% 2Dout ,used% 20for% 20res earch% 20and% 20pla nning. & 
text= Patie nts% 20can% 20find% 20out% 20mor e,choice% 20on% 20the% 
20NHS% 20web site. [Cited 2022 Oct 27].

 43. Ministry of Housing Communities & Local Government. The English 
Indices of Deprivation 2015. Department for Communities and Local 
Government; 2015. Available from: https:// www. gov. uk/ gover nment/ stati 
stics/ engli sh- indic es- of- depri vation- 2015. [Cited 2022 Apr 20].

 44. Matheson FI, Moloney G van IT. 2016 Ontario marginalization index: user 
guide. Public Health Ontario, Centre for Urban Health Solutions & St 
Michael’s Unity Health Toronto; 2022. Available from: https:// www. publi 
cheal thont ario. ca/-/ media/ docum ents/o/ 2017/ on- marg- userg uide. pdf. 
[Cited 2022 Apr 20].

 45. Kuan V, Denaxas S, Gonzalez-Izquierdo A, Direk K, Bhatti O, Husain S, 
et al. A chronological map of 308 physical and mental health condi-
tions from 4 million individuals in the English National Health Service. 
Lancet Digit Health. 2019;1(2):e63-77.

 46. Lix LM, Ayles J, Bartholomew S, Cooke CA, Ellison J, Emond V, et al. The 
Canadian Chronic Disease Surveillance System: A model for collaborative 
surveillance. Int J Popul Data Sci. 2018;3(3):433.

https://www.health.org.uk/publications/understanding-the-health-care-needs-of-people-with-multiple-health-conditions
https://www.health.org.uk/publications/understanding-the-health-care-needs-of-people-with-multiple-health-conditions
https://doi.org/10.1016/j.pmedr.2018.10.008
https://doi.org/10.1016/j.pmedr.2018.10.008
https://doi.org/10.1186/s12916-022-02427-9
https://doi.org/10.1093/annonc/mdv025
https://doi.org/10.1136/jech-2021-218211
https://www.health.org.uk/publications/reports/the-marmot-review-10-years-on
https://www.health.org.uk/publications/reports/the-marmot-review-10-years-on
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/trendinlifeexpectancyatbirthandatage65bysocioeconomicpositionbasedonthenationalstatisticssocioeconomicclassificationenglandandwales/2015-10-21
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/trendinlifeexpectancyatbirthandatage65bysocioeconomicpositionbasedonthenationalstatisticssocioeconomicclassificationenglandandwales/2015-10-21
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/trendinlifeexpectancyatbirthandatage65bysocioeconomicpositionbasedonthenationalstatisticssocioeconomicclassificationenglandandwales/2015-10-21
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/trendinlifeexpectancyatbirthandatage65bysocioeconomicpositionbasedonthenationalstatisticssocioeconomicclassificationenglandandwales/2015-10-21
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/trendinlifeexpectancyatbirthandatage65bysocioeconomicpositionbasedonthenationalstatisticssocioeconomicclassificationenglandandwales/2015-10-21
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/socioeconomicinequalitiesinavoidablemortalityinengland/2019
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/socioeconomicinequalitiesinavoidablemortalityinengland/2019
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/socioeconomicinequalitiesinavoidablemortalityinengland/2019
https://digital.nhs.uk/services/national-data-opt-out#:~:text=The%20national%20data%20opt%2Dout,used%20for%20research%20and%20planning.&text=Patients%20can%20find%20out%20more,choice%20on%20the%20NHS%20website
https://digital.nhs.uk/services/national-data-opt-out#:~:text=The%20national%20data%20opt%2Dout,used%20for%20research%20and%20planning.&text=Patients%20can%20find%20out%20more,choice%20on%20the%20NHS%20website
https://digital.nhs.uk/services/national-data-opt-out#:~:text=The%20national%20data%20opt%2Dout,used%20for%20research%20and%20planning.&text=Patients%20can%20find%20out%20more,choice%20on%20the%20NHS%20website
https://digital.nhs.uk/services/national-data-opt-out#:~:text=The%20national%20data%20opt%2Dout,used%20for%20research%20and%20planning.&text=Patients%20can%20find%20out%20more,choice%20on%20the%20NHS%20website
https://digital.nhs.uk/services/national-data-opt-out#:~:text=The%20national%20data%20opt%2Dout,used%20for%20research%20and%20planning.&text=Patients%20can%20find%20out%20more,choice%20on%20the%20NHS%20website
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2015
https://www.publichealthontario.ca/-/media/documents/o/2017/on-marg-userguide.pdf
https://www.publichealthontario.ca/-/media/documents/o/2017/on-marg-userguide.pdf


Page 13 of 13Alarilla et al. BMC Public Health          (2023) 23:472  

•
 
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: 

 47. Canadian Chronic Disease Surveillance System (CCDSS) [Internet]. 
Canada: Government of Canada; 2021. Available from: https:// health- 
infob ase. canada. ca/ ccdss/ data- tool/. [Cited 2022 Apr 20].

 48. Lapointe-Shaw L, Bouck Z, Howell NA, Lange T, Orchanian-Cheff A, Austin 
PC, et al. Mediation analysis with a time-to-event outcome: a review 
of use and reporting in healthcare research. BMC Med Res Methodol. 
2018;18(1):1–12.

 49. Paddison CAM, Saunders CL, Abel GA, Payne RA, Campbell JL, Roland M. 
Why do patients with multimorbidity in England report worse experi-
ences in primary care? Evidence from the general practice patient survey. 
BMJ Open. 2015;5(3):1–10.

 50. Rolewicz L, Keeble E, Paddison C, Scobie S. Are the needs of people 
with multiple long-term conditions being met? Evidence from the 2018 
General Practice Patient Survey. BMJ Open. 2020;10(11):e041569.

 51. Ronksley PE, Sanmartin C, Quan H, Ravani P, Tonelli M, Manns B, et al. 
Association between chronic conditions and perceived unmet health 
care needs. Open Medicine. 2012;6(2):48–58.

 52. Ham C, Dixon A. Brooke B. Transforming the delivery of health and social 
care: the case for fundamental change. London (UK): The Kings Fund; 
2012. Available from: https:// www. kings fund. org. uk/ publi catio ns/ trans 
formi ng- deliv ery- health- and- social- care. [Cited 2023 Feb 21].

 53. Pedersen SE, Aaby A, Friis K, Maindal HT. Multimorbidity and health 
literacy: a population-based survey among 28,627 Danish adults. Scand J 
Public Health. 2021;12:14034948211045920.

 54. Mansour MHH, Pokhrel S, Anokye N. Effectiveness of integrated care 
interventions for patients with long-term conditions: a review of system-
atic reviews. Integr Healthcare J. 2022;4(1):e000083.

 55. Bisquera A, Turner EB, Ledwaba-Chapman L, Dunbar-Rees R, Hafezparast 
N, Gulliford M, et al. Inequalities in developing multimorbidity over time: 
a population-based cohort study from an urban, multi-ethnic borough in 
the United Kingdom. Lancet Regional Health - Europe. 2022;12:100247.

 56. McLean G, Gunn J, Wyke S, Guthrie B, Watt GCM, Blane DN, et al. The influ-
ence of socioeconomic deprivation on multimorbidity at different ages: a 
cross-sectional study. Br J Gen Pract. 2014;64(624):440–7.

 57. Hanlon P, Nicholl BI, Jani BD, Lee D, McQueenie R, Mair FS. Frailty and 
pre-frailty in middle-aged and older adults and its association with mul-
timorbidity and mortality: a prospective analysis of 493 737 UK Biobank 
participants. Lancet Public Health. 2018;3(7):e323–32.

 58. O’Brien R, Wyke S, Watt GGCM, Guthrie B, Mercer SW. The ‘Everyday Work’ 
of Living with Multimorbidity in Socioeconomically Deprived Areas of 
Scotland. J Comorb. 2014;4(1):1–10.

 59. Coventry PA, Small N, Panagioti M, Adeyemi I, Bee P. Living with complex-
ity; Marshalling resources: a systematic review and qualitative meta-
synthesis of lived experience of mental and physical multimorbidity 
Multimorbidity in Primary Care Knowledge, attitudes, behaviors, educa-
tion, and communication. BMC Fam Pract. 2015;16(1):1–12.

 60. Revealing Reality. You only had to ask. London (UK): The Taskforce on Multiple 
Conditions (Richmond group of charities, Royal College of General Practition-
ers and Impact of Urban Health); 2021. Available from: https:// richm ondgr 
oupof chari ties. org. uk/ taskf orce- multi ple- condi tions. [Cited 2023 Feb 21].

 61. McCallum M, MacDonald S. Exploring GP work in areas of high socioeco-
nomic deprivation: a secondary analysis. BJGP Open. 2021;5(6):1–12.

 62. Fisher R, Dunn P, Asaria M, Thorlby R. Briefing: Level or not? Comparing 
general practice in areas of high and low socioeconomic deprivation in 
England. [Internet]. London (UK): The Health Foundation; 2020. [cited 
2023 Feb 21]. Available from: https:// www. health. org. uk/ publi catio ns/ 
repor ts/ level- or- not.

 63. Caughey GE, Ramsay EN, Vitry AI, Gilbert AL, Luszcz MA, Ryan P, et al. 
Comorbid chronic diseases, discordant impact on mortality in older 
people: a 14-year longitudinal population study. J Epidemiol Community 
Health (1978). 2010;64(12):1036.

 64. Ricci-Cabello I, Violán C, Foguet-Boreu Q, Mounce LTA, Valderas JM. 
Impact of multi-morbidity on quality of healthcare and its implications 
for health policy, research and clinical practice. A scoping review. Eur J 
Gen Pract. 2015;21(3):192–202.

 65. Roy S, Vallepu S, Barrios C, Hunter K. Comparison of Comorbid Conditions 
Between Cancer Survivors and Age-Matched Patients Without Cancer. J 
Clin Med Res. 2018;10(12):911–9.

 66. Warner DF, Schiltz NK, Stange KC, Given CW, Owusu C, Berger NA, et al. 
Complex multimorbidity and health outcomes in older adult cancer 
survivors. Fam Med Community Health. 2017;5(2):129–38.

 67. Zullig LL, Sung AD, Khouri MG, Jazowski S, Shah NP, Sitlinger A, et al. Car-
diometabolic Comorbidities in Cancer Survivors: JACC: CardioOncology 
State-of-the-Art Review. JACC CardioOncol Elsevier Inc. 2022;4:149–65.

 68 Foster M, Niedzwiedz CL. Associations between multimorbidity and 
depression among breast cancer survivors within the UK Biobank cohort: 
a cross-sectional study. BMC Cancer. 2021;21(1):650. https:// doi. org/ 10. 
1186/ s12885- 021- 08409-z.

 69. Department of Health and Social care. Long Term Conditions Compendium 
of Information: Third Edition. Department of Health and Social Care; 2012. 
Available from: https:// www. gov. uk/ gover nment/ publi catio ns/ long- term- 
condi tions- compe ndium- of- infor mation- third- editi on. [Cited 2022 Apr 20].

 70. Zulman DM, Asch SM, Martins SB, Kerr EA, Hoffman BB, Goldstein MK. 
Quality of care for patients with multiple chronic conditions: the role of 
comorbidity interrelatedness. J Gen Intern Med. 2014;29(3):529–37.

 71. Tonelli M, Wiebe N, Manns BJ, Klarenbach SW, James MT, Ravani P, et al. 
Comparison of the Complexity of Patients Seen by Different Medical 
Subspecialists in a Universal Health Care System. JAMA Netw Open. 
2018;1(7):e184852.

 72. Forslund T, Carlsson AC, Ljunggren G, Ärnlöv J, Wachtler C. Patterns of 
multimorbidity and pharmacotherapy: a total population cross-sectional 
study. Fam Pract. 2021;38(2):132–40.

 73 Skou ST, Mair FS, Fortin M, Guthrie B, Nunes BP, Miranda JJ, et al. Multi-
morbidity. Nat Rev Dis Primers. 2022;8(1):48.

 74. Stirland LE, González-Saavedra L, Mullin DS, Ritchie CW, Muniz-Terrera G, 
Russ TC. Measuring multimorbidity beyond counting diseases: systematic 
review of community and population studies and guide to index choice. 
BMJ. 2020;18(368):m160.

 75 Ho ISS, Azcoaga-Lorenzo A, Akbari A, Black C, Davies J, Hodgins P, et al. 
Examining variation in the measurement of multimorbidity in research: a 
systematic review of 566 studies. Lancet Public Health. 2021;6(8):e587-97. 
https:// doi. org/ 10. 1016/ S2468- 2667(21) 00107-9.

 76. Ho ISS, Azcoaga-Lorenzo A, Akbari A, Davies J, Khunti K, Kadam UT, et al. 
Measuring multimorbidity in research: Delphi consensus study. BMJ Med. 
2022;1(1):e000247.

 77. Cooper R, Witham MD, Bartle V, Sayer AA. Defining and measuring multi-
ple long term conditions in research. BMJ Med. 2022;1(1):e000287.

 78. Bhattarai N, Charlton J, Rudisill C, Gulliford MC. Coding, recording and 
incidence of different forms of coronary heart disease in primary care. 
PLoS One. 2012;7(1):e29776.

 79. Gulliford MC, Charlton J, Ashworth M, Rudd AG, Toschke AM, Delaney B, et al. 
Selection of medical diagnostic codes for analysis of electronic patient records. 
Application to stroke in a primary care database. PLoS One. 2009;4(9):e7168.

 80. Public Health England. COVID-19: review of disparities in risks and out-
comes. 2020 [updated date 2020 August 11- cited 2022 Apr 20]. Available 
from: https:// www. gov. uk/ gover nment/ publi catio ns/ covid- 19- review- of- 
dispa rities- in- risks- and- outco mes.

 81. Watt T, Firth Z, Fisher R, Thorlby R Kelly E. Use of primary care during the 
COVID-19 pandemic. London (UK): The Health Foundation; 2020. Available 
from: https:// www. health. org. uk/ news- and- comme nt/ charts- and- infog raphi 
cs/ use- of- prima ry- care- during- the- covid- 19- pande mic. [Cited 2022 Apr 20].

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

https://health-infobase.canada.ca/ccdss/data-tool/
https://health-infobase.canada.ca/ccdss/data-tool/
https://www.kingsfund.org.uk/publications/transforming-delivery-health-and-social-care
https://www.kingsfund.org.uk/publications/transforming-delivery-health-and-social-care
https://richmondgroupofcharities.org.uk/taskforce-multiple-conditions
https://richmondgroupofcharities.org.uk/taskforce-multiple-conditions
https://www.health.org.uk/publications/reports/level-or-not
https://www.health.org.uk/publications/reports/level-or-not
https://doi.org/10.1186/s12885-021-08409-z
https://doi.org/10.1186/s12885-021-08409-z
https://www.gov.uk/government/publications/long-term-conditions-compendium-of-information-third-edition
https://www.gov.uk/government/publications/long-term-conditions-compendium-of-information-third-edition
https://doi.org/10.1016/S2468-2667(21)00107-9
https://www.gov.uk/government/publications/covid-19-review-of-disparities-in-risks-and-outcomes
https://www.gov.uk/government/publications/covid-19-review-of-disparities-in-risks-and-outcomes
https://www.health.org.uk/news-and-comment/charts-and-infographics/use-of-primary-care-during-the-covid-19-pandemic
https://www.health.org.uk/news-and-comment/charts-and-infographics/use-of-primary-care-during-the-covid-19-pandemic

	Socioeconomic gradient in mortality of working age and older adults with multiple long-term conditions in England and Ontario, Canada
	Abstract 
	Background 
	Methods 
	Findings 
	Conclusions 

	Background
	Methods
	Participants
	Measures
	Statistical analyses

	Results
	Discussion
	Contribution of our study
	Comparison with previous research
	Possible mechanisms
	Strengths and limitations

	Conclusion
	Anchor 19
	Acknowledgements
	References


