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A decade after the release of the World Health Organiza-
tion’s final report on the social determinants of health,1 
governments around the world appear to have made rel-

atively little progress toward the goal of reducing health inequal-
ities. In fact, recent epidemiologic findings suggest that socio-
economic inequalities in mortality and related indicators of 
population health are widening over time.2–7 Such trends are well 
established in the United States and Europe, yet analogous 
trends in Canada remain poorly characterized. Efforts to monitor 
the evolution of socioeconomic inequalities in mortality in Can-
ada have been hampered by the fact that official death records 
lack information on the socioeconomic status of deceased peo-
ple.8 In the absence of this information, some investigators relied 
on area-based measures of socioeconomic deprivation to moni-
tor change in mortality inequalities in Canada.9–13 More recently, 
however, researchers have overcome this methodologic barrier 
by linking vital statistics records to individual Census data that 
contain relevant indicators of socioeconomic status.14,15

 Notably, existing analyses of individual-level trends in the mor-
tality gradient in Canada have focused on the adult population as a 
whole and, in so doing, have obscured from view an important 
source of survivorship bias.14,15 Prior research has shown that those 
who survive into older adulthood represent a highly selected group 
and that positive selection for the most robust people is particu-
larly strong at the lower end of the socioeconomic spectrum.16–20 
This pattern of selective survival leads to the gradual convergence 
of average health levels over time, which, in turn, attenuates the 
association between socioeconomic status and mortality in older 
age groups. A common approach to dealing with this form of down-
ward selection bias involves excluding the “oldest old” and focus-
ing attention on socioeconomic inequalities in premature and 
avoidable mortality among adults younger than age 75 years.21–25

In the present study, we aimed to examine trends in socioeco-
nomic inequalities in premature and avoidable mortality 
between 1991 and 2016 in Canada using linked Census and vital 
registration data.
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ABSTRACT
BACKGROUND: Recent epidemiologic 
findings suggest that socioeconomic 
inequalities in health may be widening 
over time. We examined trends in socio-
economic inequalities in premature and 
avoidable mortality in Canada.

METHODS: We conducted a population-
based repeated cohort study using the 
1991, 1996, 2001, 2006 and 2011 Canad-
ian Census Health and Environment 
Cohorts. We linked individual-level Cen-
sus records for adults aged 25–74 years to 
register-based mortality data. We defined 
premature mortality as death before age 
75 years. For each census cohort, we esti-
mated age-standardized rates, risk differ-
ences and risk ratios for premature and 

avoidable mortality by level of household 
income and education.

RESULTS: We identified 16 284 045 Census 
records. Between 1991 and 2016, prema-
ture mortality rates declined in all socio-
economic groups except for women with-
out a high school diploma. Absolute 
income-related inequalities narrowed 
among men (from 2478 to 1915 deaths per 
100 000) and widened among women 
(from 1008 to 1085 deaths per 100 000). 
Absolute education-related inequalities 
widened among men and women. Rela-
tive socioeconomic inequalities in prema-
ture mortality widened progressively over 
the study period. For example, the relative 
risk of premature mortality associated 

with the lowest income quintile increased 
from 2.10 (95% confidence interval [CI] 
2.02–2.17) to 2.79 (95% CI 2.66–2.91) 
among men and from 1.72 (95% CI 1.63–
1.81) to 2.50 (95% CI 2.36–2.64) among 
women. Similar overall trends were 
observed for avoidable mortality.

INTERPRETATION: Socioeconomically 
disadvantaged groups have not bene-
fited equally from recent declines in 
premature and avoidable mortality in 
Canada. Efforts to reduce socioeco-
nomic inequalities and associated pat-
terns of disadvantage are necessary to 
prevent this pattern of widening health 
inequalities from persisting or worsen-
ing over time.
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Methods

Data and sample
We conducted a population-based repeated cohort study using 
data from the 1991, 1996, 2001, 2006 and 2011 Canadian Census 
Health and Environment Cohorts.26 Each cohort consists of adults 
among the 20% of Canadian households selected to complete the 
mandatory long-form Census or, in the case of the 2011 cohort, the 
30% of Canadian households invited to complete the voluntary 
National Household Survey.27 Census records were probabilistically 
linked to the Canadian Mortality Database covering the period 
1991–2016. Our population of interest consisted of community-
dwelling adults aged 25–74. We did not include adults younger than 
25 owing to their exclusion from the sampling frame of the 1991 
Canadian Census Health and Environment Cohort. We identified a 
relevant analytic sample of 16 284 045 Census records that were 
successfully linked to the Canadian Mortality Database.

Measures
Our exposure of interest was socioeconomic status, measured in 
terms of household income and education. We included both 
indicators as they capture different dimensions of socioeconomic 
inequality.2,28–33 We constructed household income by calculating 
the sum of all self-reported sources of income during the preced-
ing calendar year. Following recent Statistics Canada and Organ-
isation for Economic Co-operation and Development reports,34–38 
we adjusted for household size by dividing total household 
income by the square root of the number of household members. 
Respondents were grouped into 5 equivalized household income 
quintiles. Education was measured by means of a series of ques-
tions asking respondents to identify their highest level of educa-
tional attainment. Respondents were grouped into 1 of the fol-
lowing 4 categories: postsecondary degree, some postsecondary 
education, high school diploma or less than high school. A com-
plete list of survey questions used to create these variables is 
included in Appendix 1 (available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.191723/tab-related-content).

Our primary outcome of interest was premature mortality, 
defined as death before age 75 years.39 We also examined 2 com-
ponents of avoidable mortality: preventable mortality, referring to 
causes of premature death that are potentially avoidable through 
primary prevention efforts (e.g., lung cancer, suicide and uninten-
tional injuries); and amenable mortality, referring to causes of pre-
mature death that are potentially avoidable through secondary 
and tertiary prevention efforts (e.g., breast cancer, respiratory 
infections and neurologic disorders).39 We coded preventable and 
amenable causes of death according to an established classifica-
tion scheme.39 We measured mortality over the 5-year period 
between Censuses, resulting in 5  nonoverlapping periods: June 
1991–May 1996, June 1996–May 2001, June 2001–May 2006, June 
2006–May 2011 and June 2011–May 2016.

Statistical analysis
We calculated age-standardized mortality rates for each socioeco-
nomic group, stratified by sex and cohort. We used the direct 
method of standardization using 5-year age groups, taking the 1991 

Canadian population as the reference. We quantified change in 
mortality rates, measured in both absolute and relative terms, by 
comparing the first and last time periods. We evaluated trends in 
the magnitude of absolute and relative inequal ities in mortality 
across socioeconomic groups by calculating risk differences and 
risk ratios (RRs). We estimated RRs and cor responding 95% confi-
dence intervals (CIs) by fitting Poisson regression models, with 
death as a dependent variable, socioeconomic status (i.e., house-
hold income quintile or level of educational attainment) as a cat-
egoric independent variable, and age measured in continuous 
years as an adjustment variable. In each model, we treated the 
highest socioeconomic category as the reference group.

Census respondents whose records were successfully inte-
grated with the Canadian Mortality Database tended to be younger 
and more socioeconomically advantaged than the larger pool of 
eligible respondents. To adjust for any resulting error and account 
for the complex survey design, we applied sampling weights and 
bootstrap replicate weights provided by Statistics Canada.

We conducted all statistical analyses using Stata 16.0 (StataCorp).

Ethics approval
Data accessed through the Statistics Canada Research Data Cen-
tre Program are subject to strict confidentiality and disclosure 
protocols, as set out in the Statistics Act of Canada. These data 
are exempt from formal ethics review and approval, as stipulated 
in Article 2.2(a) of the Tri-Council Policy Statement: Ethical Con-
duct for Research Involving Humans.40

Results

A description of the study population is provided in Table 1. 
Trends in premature and avoidable (preventable and amenable) 
mortality rates are presented in Table 2, Table 3 and Table 4. The 
figures show trends in premature (Figure 1 and Figure 2), pre-
ventable (Figure 3 and Figure 4) and amenable (Figure 5 and 
 Figure 6) mortality inequalities by income and educational levels, 
respectively. Supporting data for the figures are presented in 
Appendix 1, Supplementary Tables S1–S6.

Premature mortality rates declined progressively over the study 
period in all socioeconomic groups, except for women without a 
high school diploma. Among men, premature mortality rates 
declined more steeply at the lower end of the income distribution 
than at the higher end. Consequently, absolute inequalities between 
higher- and lower-income men decreased over time. For example, 
the absolute risk difference (per 100 000) between men in the highest 
and lowest income quintiles decreased considerably over the study 
period, from 2478 deaths to 1915 deaths (Figure 1). This favourable 
pattern was somewhat reversed across levels of educational attain-
ment, with the absolute gap between the most- and least-educated 
men increasing over the study period, from 1713  deaths to 
1843 deaths (Figure 2). Among women, absolute inequalities wid-
ened more consistently. Absolute risk differences (per 100 000) 
between women in the highest and lowest income quintiles 
increased over time, from 1008 deaths to 1085 deaths. The absolute 
gap between the most- and least-educated women widened over 
the study period, from 792 deaths to 1119 deaths per 100 000.
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Table 1: Descriptive characteristics of the Canadian Census Health and Environment Cohorts

Characteristic

Cohort; no. (%) of events/respondents*

1991 1996 2001 2006 2011

Men

Observations 1 237 675 1 466 165 1 445 040 1 797 805 2 018 405

Premature deaths 38 215 41 125 37 245 45 110 45 205

Preventable deaths (avoidable) 19 702 20 495 18 465 22 900 22 410

Amenable deaths (avoidable) 9055 9570 8395 10 115 9795

Age, yr

    25–34 355 490 (28.7) 349 235 (23.8) 278 065 (19.2) 358 855 (20.0) 402 275 (19.9)

    35–44 339 215 (27.4) 413 165 (28.2) 399 530 (27.6) 440 440 (24.5) 428 990 (21.3)

    45–54 231 770 (18.7) 325 785 (22.2) 358 960 (24.8) 457 960 (25.5) 508 575 (25.2)

    55–64 181 515 (14.7) 215 370 (14.7) 237 565 (16.4) 338 950 (18.9) 425 365 (21.1)

    65–74 129 695 (10.5) 162 605 (11.1) 170 920 (11.8) 201 595 (11.2) 253 205 (12.5)

Income quintile

    Q5 (highest) 256 895 (20.8) 305 520 (20.8) 301 285 (20.8) 376 570 (20.9) 420 910 (20.9)

    Q4 255 880 (20.7) 304 545 (20.8) 299 740 (20.7) 371 770 (20.7) 417 520 (20.7)

    Q3 255 555 (20.6) 302 230 (20.6) 297 400 (20.6) 367 485 (20.4) 410 740 (20.3)

    Q2 249 270 (20.1) 290 490 (19.8) 287 480 (19.9) 352 795 (19.6) 395 230 (19.6)

    Q1 (lowest) 220 080 (17.8) 263 385 (18.0) 259 130 (17.9) 329 185 (18.3) 374 000 (18.5)

Education

    Postsecondary degree 192 635 (15.6) 243 945 (16.6) 270 030 (18.7) 379 620 (21.1) 507 690 (25.2)

    Some postsecondary 375 615 (30.3) 469 780 (32.0) 483 565 (33.5) 675 970 (37.6) 782 545 (38.8)

    High school diploma 229 055 (18.5) 276 665 (18.9) 277 255 (19.2) 389 480 (21.7) 426 085 (21.1)

    Less than high school 440 375 (35.6) 475 775 (32.5) 414 195 (28.7) 352 735 (19.6) 302 090 (15.0)

Women

Observations 1 240 085 1 541 860 1 513 855 1 876 300 2 146 855

Premature deaths 19 729 24 815 23 800 30 370 31 645

Preventable deaths (avoidable) 7655 9770 9240 12 525 13 015

Amenable deaths (avoidable) 6580 7675 7190 8825 9045

Age, yr

    25–34 387 760 (31.3) 376 285 (24.4) 309 465 (20.4) 378 680 (20.2) 428 915 (20.0)

    35–44 352 615 (28.4) 433 165 (28.1) 427 955 (28.3) 458 110 (24.4) 458 085 (21.3)

    45–54 217 060 (17.5) 330 210 (21.4) 366 010 (24.2) 473 160 (25.2) 539 380 (25.1)

    55–64 154 180 (12.4) 219 330 (14.2) 230 295 (15.2) 346 965 (18.5) 450 790 (21.0)

    65–74 128 465 (10.4) 182 875 (11.9) 180 130 (11.9) 219 390 (11.7) 269 690 (12.6)

Income quintile

    Q5 (highest) 238 660 (19.2) 296 090 (19.2) 290 465 (19.2) 358 230 (19.1) 412 130 (19.2)

    Q4 239 690 (19.3) 297 070 (19.3) 292 075 (19.3) 363 095 (19.4) 415 550 (19.4)

    Q3 239 990 (19.4) 299 370 (19.4) 294 390 (19.4) 367 320 (19.6) 422 305 (19.7)

    Q2 246 285 (19.9) 311 135 (20.2) 304 290 (20.1) 382 040 (20.4) 437 845 (20.4)

    Q1 (lowest) 275 465 (22.2) 338 200 (21.9) 332 640 (22.0) 405 615 (21.6) 459 030 (21.4)

Education

    Postsecondary degree 152 195 (12.3) 215 775 (14.0) 262 125 (17.3) 396 465 (21.1) 567 460 (26.4)

    Some postsecondary 348 560 (28.1) 460 680 (29.9) 487 680 (32.2) 671 925 (35.8) 791 080 (36.8)

    High school diploma 303 375 (24.5) 360 080 (23.4) 344 320 (22.7) 462 080 (24.6) 495 630 (23.1)

    Less than high school 435 955 (35.2) 505 335 (32.8) 419 740 (27.7) 345 835 (18.5) 292 680 (13.6)

*Reported frequencies are randomly rounded to the nearest 5, as per Statistics Canada requirements.



RESEARCH

  CMAJ  |   SEPTEMBER 28, 2020  |  VOLUME 192  |  ISSUE 39 E1117

Among both men and women, we observed a secular increase 
in relative inequalities in premature mortality by income. The 
Q1/Q5 RR grew progressively larger over the study period, from 
2.10 (95% CI 2.02–2.17) to 2.79 (95% CI 2.66–2.91) among men 
and from 1.72 (95% CI 1.63–1.81) to 2.50 (95% CI 2.36–2.64) 
among women (Figure 1). Risk ratios associated with the remain-
ing quintiles of the income distribution showed similar, though 
less pronounced, trends over time. Relative educational inequal-
ities in premature mortality also widened gradually over the 
study period. For example, among men and women without a 
high school diploma, the relative risk of premature mortality 
increased from 1.98 (95% CI 1.90–2.07) to 2.60 (95% CI 2.48–2.72) 
and from 1.82 (95% CI 1.69–1.95) to 2.31 (95% CI 2.18–2.44), 
respectively (Figure 2).

Similar overall trends were observed for avoidable (i.e., pre-
ventable and amenable) mortality. We observed some distinguish-
able cause-specific trends, however, and these trends were pat-
terned by sex. For example, in contrast to large secular declines 
among men in all socioeconomic groups, women with a high 

school diploma or less experienced little to no improvements in 
preventable mortality over the study period. Among men, there 
were larger absolute reductions in preventable mortality inequal-
ities over time. In contrast, women experienced larger absolute 
reductions in amenable mortality inequalities over the study 
period. Relative inequalities in preventable and amenable mortal-
ity increased at a comparable pace among men, whereas relative 
inequalities in preventable mortality rose more steeply than cor-
res ponding inequalities in amenable mortality among women.

Interpretation

We found that premature and avoidable mortality rates declined 
in most socioeconomic groups in Canada between 1991 and 
2016. However, socioeconomically disadvantaged groups did not 
benefit equally from these overall decreases in mortality. Among 
women without a high school diploma, premature mortality 
rates persisted, and, more strikingly, avoidable mortality attrib-
utable to preventable causes of death increased. Owing to the 

Table 2: Trends in premature mortality across socioeconomic groups in Canada, 1991–2016

Characteristic

Period; age-standardized mortality rate (per 100 000) Change, 1991 to 2016

1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 Absolute Relative, %

Men

Overall 2922 2478 2131 1945 1735 –1187 –40.6

Income quintile

    Q5 (highest) 2055 1640 1347 1233 1064 –991 –48.2

    Q4 2430 1995 1694 1486 1287 –1143 –47.0

    Q3 2689 2278 1946 1768 1521 –1168 –43.4

    Q2 3137 2767 2343 2123 1970 –1167 –37.2

    Q1 (lowest) 4533 3921 3524 3282 2979 –1554 –34.3

Education

    Postsecondary degree 1873 1478 1285 1114 988 –885 –47.2

    Some postsecondary 2632 2218 1955 1862 1688 –944 –35.9

    High school diploma 2835 2467 2134 2111 2006 –829 –29.2

    Less than high school 3586 3203 2922 2876 2831 –755 –21.0

Women

Overall 1569 1405 1316 1250 1126 –443 –28.2

Income quintile

    Q5 (highest) 1206 1059 972 807 717 –489 –40.5

    Q4 1328 1207 1051 953 844 –484 –36.4

    Q3 1441 1288 1212 1136 996 –445 –30.9

    Q2 1557 1413 1315 1296 1195 –362 –23.2

    Q1 (lowest) 2214 1979 1942 1967 1802 –412 –18.6

Education

    Postsecondary degree 1086 942 871 788 723 –363 –33.4

    Some postsecondary 1332 1186 1121 1111 1029 –303 –22.7

    High school diploma 1450 1298 1275 1298 1289 –161 –11.1

    Less than high school 1878 1752 1766 1928 1842 –36 –1.9
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uneven distribution patterning of recent decreases in mortality, 
relative socioeconomic inequalities in premature and avoidable 
mortality increased substantially among men and women 
between 1991 and 2016. Absolute education-related inequalities 
also widened consistently over the study period, whereas abso-
lute income-related inequalities narrowed among men and wid-
ened among women.

Our results are similar to those reported in previous studies 
examining trends in socioeconomic inequalities in mortality in 
Canada.9–15 However, our findings indicate that socioeconomic 
inequalities in premature and avoidable mortality are substan-
tially wider than corresponding inequalities in overall mortality. 
More important, perhaps, they show that recent adverse trends 
in the relative magnitude of premature and avoidable mortality 
inequalities are also more pronounced. For example, whereas a 
previous study using the same data to examine trends in overall 
mortality showed that relative inequalities between the highest 
and lowest income quintiles increased by 12% among men and 
by 21% among women between 1991 and 2011,15 we found that, 

over the same period, relative inequalities in premature mortal-
ity increased by 33% among men and by 47% among women. 
Our findings are also consistent with the broader international 
literature on this topic. For example, recent studies have shown 
that relative socioeconomic inequalities in overall and prema-
ture mortality have widened substantially in most European 
countries, whereas absolute inequalities have declined in some 
cases and increased in others.3,24,41,42 Widening overall and pre-
mature mortality inequalities have also been reported in the US, 
where, in absolute terms at least, adverse trends have been more 
pronounced.2,4–6,43–45 Indeed, after several decades of secular 
gains in life expectancy among all socioeconomic groups in the 
US, mortality rates have started to rise among the lowest-earning 
and least-educated Americans. Similarly, in the present study, 
we observed a startling lack of decline in mortality rates among 
women with lower educational attainment, particularly for 
causes of death that are potentially avoidable through primary 
intervention strategies. In fact, contrary to the generally declin-
ing mortality rates observed in all other socioeconomic groups, 

Table 3: Trends in preventable (avoidable) mortality across socioeconomic groups in Canada, 1991–2016

Characteristic

Period; age-standardized mortality rate (per 100 000) Change, 1991 to 2016

1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 Absolute Relative, %

Men

Overall 1523 1241 1070 996 896 –627 –41.2

Income quintile

    Q5 (highest) 1026 769 631 590 536 –490 –47.8

    Q4 1201 962 816 734 608 –593 –49.4

    Q3 1376 1111 967 896 781 –595 –43.2

    Q2 1657 1390 1193 1102 1024 –633 –38.2

    Q1 (lowest) 2494 2096 1854 1757 1616 –878 –35.2

Education

    Postsecondary degree 910 652 560 504 442 –468 –51.4

    Some postsecondary 1323 1074 949 944 876 –447 –33.8

    High school diploma 1436 1238 1045 1070 1015 –421 –29.3

    Less than high school 1929 1672 1561 1564 1577 –352 –18.2

Women

Overall 606 546 511 512 468 –138 –22.8

Income quintile

    Q5 (highest) 428 365 327 294 258 –170 –39.7

    Q4 474 445 366 350 317 –157 –33.1

    Q3 526 461 442 432 393 –133 –25.3

    Q2 604 567 530 535 500 –104 –17.2

    Q1 (lowest) 945 847 842 901 830 –115 –12.2

Education

    Postsecondary degree 316 288 278 256 235 –81 –25.6

    Some postsecondary 485 448 406 437 426 –59 –12.2

    High school diploma 523 470 488 540 537 14 2.7

    Less than high school 780 735 752 878 874 94 12.0
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our results suggest that preventable mortality has increased 
among women without a high school diploma. Thus, although 
our results suggest that mortality rates have evolved more 
favourably among socioeconomically disadvantaged groups in 
Canada than among their counterparts in the US, the fact that 
declines in premature mortality have stalled or, for some causes, 
even reversed among the most socioeconomically disadvan-
taged women raises pressing concerns with respect to the pur-
suit of health and gender equity in Canada.47

There are numerous possible explanations for our findings. 
First, and perhaps most important, inequalities in mortality may 
be widening owing to contemporaneous trends in social determi-
nants of health.48–51 Over the past 3  decades, large-scale policy 
shifts in Canada have contributed to rising levels of income 
inequality and a weakened social safety net (e.g., as indicated by 
the declining generosity and coverage of key social programs, 
such as employment insurance and social assistance).52–54 These 
societal trends are not unique to Canada and may, in turn, explain 
why the health of socioeconomically disadvantaged groups is lag-

ging further and further behind that of their more advantaged 
counterparts in numerous jurisdictions, including the US and peer 
countries in Europe.4,55–60 Changing social and economic condi-
tions may also explain why mortality rates have stalled or 
increased among women with lower levels of education. Evidence 
suggests, for example, that women rely more heavily than men on 
government transfers as a source of income and that declines in 
the generosity and coverage of these programs have dispropor-
tionately affected the most socioeconom ically disadvantaged 
women.61,62 Furthermore, although participation in the labour 
market has increased substantially among women with lower 
education levels, they face major barriers to gainful and secure 
employment — barriers that are potentially compounded by per-
sisting gender inequities in caregiving responsibilities.63,64

Second, socioeconomic lags in the diffusion of new technol-
ogies (e.g., in medical care) and interventions (e.g., in health pro-
motion) are well established.65–67 In Canada, for example, higher 
socioeconomic groups have benefited more from the implemen-
tation of routine public health interventions aimed at reducing 

Table 4: Trends in amenable (avoidable) mortality across socioeconomic groups in Canada, 1991–2016

Characteristic

Period; age-standardized mortality rate (per 100 000) Change,  1991 to 2016

1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 Absolute Relative, %

Men

Overall 677 564 465 420 359 –318 –47.0

Income quintile

    Q5 (highest) 469 373 296 270 202 –267 –56.9

    Q4 593 459 355 317 278 –315 –53.1

    Q3 634 514 417 374 307 –327 –51.6

    Q2 722 641 515 455 397 –325 –45.0

    Q1 (lowest) 1017 878 786 721 641 –376 –37.0

Education

    Postsecondary degree 414 346 280 236 213 –201 –48.6

    Some postsecondary 638 509 429 403 343 –295 –46.2

    High school diploma 683 565 474 469 430 –253 –37.0

    Less than high school 816 721 638 605 566 –250 –30.6

Women

Overall 520 435 395 364 317 –203 –39.0

Income quintile

    Q5 (highest) 413 366 309 254 225 –188 –45.5

    Q4 454 391 343 296 259 –195 –43.0

    Q3 479 420 377 345 263 –216 –45.1

    Q2 529 406 377 365 335 –194 –36.7

    Q1 (lowest) 698 574 549 539 486 –212 –30.4

Education

    Postsecondary degree 414 324 294 266 233 –181 –43.7

    Some postsecondary 462 366 347 331 288 –174 –37.7

    High school diploma 507 426 392 373 360 –147 –29.0

    Less than high school 599 514 495 517 481 –118 –19.7
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Figure 1: Trends in inequalities in premature mortality by income quintile in Canada, 1991–2016. Q5 = highest quintile, Q1 = lowest quintile. Q1 to Q4 
were compared to Q5. Error bars represent 95% confidence interval.
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Figure 2: Trends in inequalities in premature mortality by education level in Canada, 1991–2016. The comparator was postsecondary degree. Error bars 
represent 95% confidence interval.
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tile. Q1 to Q4 were compared to Q5. Error bars represent 95% confidence interval.
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Figure 4: Trends in inequalities in preventable (avoidable) mortality by education level in Canada, 1991–2016. The comparator was postsecondary degree. 
Error bars represent 95% confidence interval.



RE
SE

AR
CH

E1124  CMAJ  |   SEPTEMBER 28, 2020  |  VOLUME 192  |  ISSUE 39 

0

200

400

600

800

1000

1200

M
or

ta
lit

y 
ra

te
 p

er
 1

00
 0

00

0

200

400

600

800

1000

1200

0

250

500

750

Ri
sk

 d
i�

er
en

ce
 p

er
 1

00
 0

00

0

250

500

750

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Re
la

tiv
e 

ri
sk

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Men Women

Year Year

1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 1991–1996 1996–2001 2001–2006 2006–2011 2011–2016

1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 1991–1996 1996–2001 2001–2006 2006–2011 2011–2016

1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 1991–1996 1996–2001 2001–2006 2006–2011 2011–2016

Q5 Q4 Q3 Q2 Q1 Q5 Q4 Q3 Q2 Q1

Q4 Q3 Q2 Q1 Q4 Q3 Q2 Q1

Q4 Q3 Q2 Q1 Q4 Q3 Q2 Q1
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Q1 to Q4 were compared to Q5. Error bars represent 95% confidence interval.
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Figure 6: Trends in inequalities in amenable (avoidable) mortality by education level in Canada, 1991–2016. The comparator was postsecondary degree. 
Error bars represent 95% confidence interval.
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risk factors such as smoking and physical inactivity.68,69 Differen-
tial access and uptake between socioeconomic groups may, in 
turn, give rise to increasing mortality inequalities over time. 
Given that, historically, the prevalence of these risk factors has 
been higher among men, it is perhaps not surprising to find, as 
we have in this study, that recent improvements in preventable 
and avoidable mortality are also more heavily concentrated in 
men, particularly at the lower end of the socioeconomic spec-
trum. This finding is consistent, for example, with evidence that 
lower-educated men have experienced larger absolute and rela-
tive declines in smoking prevalence than lower-educated women 
over the last several decades.69,70

Third, as socioeconomic circumstances improve within a 
popu lation (e.g., owing to increasing levels of educational attain-
ment), those who fall in the lowest categories of socioeconomic 
status may represent a more negatively selected group of peo-
ple.71,72 For example, the composition of these groups may 
change over time such that they are more heavily composed of 
people with chronic diseases and disabilities.73,74 Given that edu-
cational expansion has progressed more rapidly for women than 
men,75 resulting selection effects may also be stronger among 
women, and, accordingly, this may be an important factor con-
tributing to the overall more negative mortality trends observed 
among lower-educated women in Canada.76–78

Finally, research has shown that relative inequalities in mor-
tality have a tendency to increase as absolute mortality rates 
decrease.79–81 Larger absolute reductions in mortality among 
men may also explain why the absolute income-related gradient 
narrowed in men but not in women. Indeed, our findings suggest 
that improvements in public health and health care have contrib-
uted substantially toward mitigating premature mortality among 
men, particularly at the lower end of the socioeconomic spec-
trum, but much less so among women.

Limitations
We relied on self-reported measures of income and education, 
which may have been subject to response biases. Second, 
although we attempted to correct for differential probabilities of 
Census response and record linkage using sampling weights pro-
vided by Statistics Canada, we have no way of evaluating the 
extent to which our analyses are affected by any resulting selec-
tion bias. Third, owing to the voluntary nature of the National 
Household Survey, it is likely that estimates based on the 2011 sur-
vey (response rate 68.6%) are less representative than findings 
from the earlier cohorts, which were based on the mandatory 
long-form Census. However, to assess the resulting impact on data 
quality, Statistics Canada conducted extensive sensitivity analyses 
and determined that the National Household Survey data are of 
sufficient high quality to produce precise and comparable esti-
mates in population-based studies.82 Fourth, our study did not 
consider the impact of the changing demographic composition of 
the Canadian population (e.g., due to urbanization and immigra-
tion) on differential mortality trends across socioeconomic groups, 
and future research could explore this. Finally, our study provides 
only a broad view of trends in cause-specific (i.e., preventable and 
amenable) inequalities in mortality. Further research involving a 

deeper analysis of specific causes of death — and for men and 
women separately — may be useful for highlighting where Canada 
has made the most (and the least) progress toward health equity. 
Such work may also reveal the underlying mechanisms contribut-
ing to the trends observed in this study, including the discernible 
differences between men and women.83 In particular, more 
detailed cause-specific analyses are needed to better understand 
why premature mortality rates have stalled (and for some causes 
even risen) among lower-educated women.

Conclusion
Our findings indicate that Canada has made no overall progress 
toward the goal of reducing socioeconomic inequalities in pre-
mature and avoidable mortality. In fact, the strength of the asso-
ciation between socioeconomic status and mortality appears to 
have increased substantially between 1991 and 2016. Efforts to 
reduce socioeconomic inequalities and associated patterns of 
disadvantage are necessary to prevent this pattern of widening 
health inequalities from persisting or worsening over time.
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