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S erious acute health events can be life-altering, because sur-
vivors can experience lasting reductions in functional 
 status and quality of life. The ability to work and earn 

income  — labour market outcomes  — are important patient-
centred outcomes1 for individuals of working age, influencing eco-
nomic well-being, sense of self and quality of life.2,3 Health events 
may start a cascade where new disability causes earnings losses, 
which contribute to cost-related nonadherence to medication,4 
which contributes to worsened and even new health problems.5,6 
Lost productivity and informal care substantially contribute to the 
economic and societal consequences of health events.7 Although 
interventions to ameliorate these consequences may be beneficial, 

a necessary first step to inform their design and testing is obtaining 
accurate data on the size of and risk factors for work and earnings 
losses after common health events in working-age populations.

Cardiovascular and cerebrovascular diseases are the most 
common causes of death worldwide.8 Specifically, the health 
events of acute myocardial infarction (MI), cardiac arrest and 
stroke are common causes of admission to hospital, increasing 
health care costs, disability and death.9 One-third of acute MIs, 
one-quarter of strokes and 40% of cardiac arrests occur in people 
of working age who are aged 65 years or younger.10–12

Prior studies of outcomes in the labour market after these 
health events have had serious methodological limitations or 
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ABSTRACT
BACKGROUND: Survivors of acute health 
events can experience lasting reductions 
in functional status and quality of life, as 
well as reduced ability to work and earn 
income. We aimed to assess the effect of 
acute myocardial infarction (MI), cardiac 
arrest and stroke on work and earning 
among working-age people.

METHODS: For this retrospective cohort 
study, we used the Canadian Hospital-
ization and Taxation Database, which 
contains linked hospital and income tax 
data, from 2005 to 2013 to perform 
difference-in-difference analyses. We 
matched patients admitted to hospital 
for acute MI, cardiac arrest or stroke with 
controls who were not admitted to hos-
pital for these indications. Participants 
were aged 40–61  years, worked in the 
2 years before the event and were alive 

3  years after the event. Patients were 
matched to controls for 11 variables. The 
primary outcome was working status 
3  years postevent. We also assessed 
earnings change attributable to the 
event. We matched 19 129 particpants 
who were admitted to hospital with 
acute MI, 1043 with cardiac arrest and 
4395 with stroke to 1 820 644, 307 375 
and 888 481 controls, respectively.

RESULTS: Fewer of the patients who 
were admitted to hospital were working 
3  years postevent than controls for 
acute MI (by 5.0 percentage points [pp], 
95% confidence interval [CI] 4.5–5.5), 
cardiac arrest (by 12.9 pp, 95% CI 10.4–
15.3) and stroke (by 19.8  pp, 95%  CI 
18.5–23.5). Mean (95%  CI) earnings 
declines attributable to the events were 
$3834 (95% CI 3346–4323) for acute MI, 

$11 143 (95% CI 8962–13 324) for cardiac 
arrest, and $13 278 (95%  CI 12 301–
14 255) for stroke. The effects on income 
were greater for patients who had lower 
baseline earnings, comorbid disease, 
longer hospital length of stay or needed 
mechanical ventilation. Sex, marital 
 status or self-employment status did 
not affect income declines.

INTERPRETATION: Acute MI, cardiac 
arrest and stroke all resulted in substan-
tial loss in employment and earnings 
that persisted for at least 3  years after 
the events. These outcomes have conse-
quences for patients, families, employ-
ers and governments. Identification of 
subgroups at high risk for these losses 
may assist in targeting interventions, 
policies and legislation to promote 
return to work.
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combined multiple health events together. We addressed those 
limitations using matched controlled population-based cohorts 
to evaluate separately the effect of acute MI, cardiac arrest and 
stroke on outcomes in the labour market. Our primary hypothe-
sis was that people of working age who were alive after hospital-
ization for these conditions experience substantial and enduring 
decrements in employment and earnings.

Methods

Data sets and linkage
For this retrospective population-based cohort study, we used 
the Canadian Hospitalization and Taxation Database (C-HAT), a 
previously described linkage of population-based Canadian hos-
pital and income tax data.13 In C-HAT, the hospital data derive 
from the Discharge Abstract Database,14 whereas the source of 
tax data is the T1 Family File, which contains yearly tax returns 
for all Canadians. For this study, we excluded the 3 territories 
(Northwest Territories, Nunavut and Yukon) and the province of 
Quebec, where the linkage rates were lower than in the prov-
inces.13 See Appendix 1, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.181238/-/DC1, for more details.

Study cohorts
We performed separate analyses for acute MI, cardiac arrest and 
stroke, using matched cohorts of participants who were exposed 
and unexposed (control), where exposure was admission to hos-
pital for these health events. We use the term “index year” to 
indicate the calendar year of the health event for exposed and 
the matched year for unexposed. We indicate the index year as 
Y0, the third year following it as Y+3, and so on.

Based on estimation of sample size (Appendix 1), we used the 
Discharge Abstract Database to identify patients who were 
admitted to an acute care hospital for acute MI, cardiac arrest or 
stroke during 3  calendar years (2008–2010). Because of a lower 
yearly incidence in cardiac arrest, for that event we included 
5  years of data (2005–2010) and excluded Manitoba for 2005–
2007 owing to incomplete data.

We used the following criteria for inclusion in the exposed 
cohort: aged 40–61 years in Y0; identified in tax data in Y–2, Y–1 
and Y+3; working in Y–2 and Y–1 as indicated by nonzero earnings; 
admission to hospital with acute MI, cardiac arrest or stroke in Y0; 
and alive at the end of Y+3. We chose the International Statistical 
Classification of Diseases and Related Health Problems, 10th Revi-
sion codes for the 3  conditions (Supplemental Table  1, Appen-
dix 1) to maximize positive predictive value, by excluding codes 
that may not represent the entities of interest. We excluded those 
patients who had the health event of interest during the 3 years 
preceding Y0 to ensure that labour market outcomes were attrib-
utable to the index health event rather than a previous one (Sup-
plemental Table  1, Appendix  1). Unexposed controls for each 
study year were chosen separately for the 3 conditions. They sat-
isfied the same criteria as the exposed cohorts, except they did 
not have the primary health event of interest in Y0.

We excluded extreme earners, defined as being in the top and 
bottom 0.25% of the earnings distribution of the population aged 

37–64 years from 2003 to 2013. All those excluded at the low end 
of the distribution had negative total earnings, indicating net 
losses from self-employment (Appendix 1). 

Matching
Participants who were unexposed were matched to exposed par-
ticipants using coarsened exact matching, a method that differs 
from usual exact matching. This method balances within multidi-
mensional strata and using weights, and provides superior balanc-
ing compared with propensity score matching (Appendix 1).15,16 We 
matched on 11  variables: index year, age, sex, province of resi-
dence in Y–1, whether there was any self-employment earnings in 
Y–1, urban/rural residency in Y–1,17 total earnings in Y–1, total 
earnings in Y–2, marital status in Y–1 (married or not, including 
common law marriage), union membership in Y–1 (as indicated in 
tax data by payment of union dues) and any nonobstetrical hospi-
tal days in Y–1 to Y–3. We used standardized differences to indicate 
parameter balance between matched exposed and unexposed 
participants (Supplemental Table 3, Appendix 1).

Outcomes
Our primary outcome was working in Y+3, as indicated by non-
zero total earnings in that year. Among 3  secondary outcomes, 
the main outcome was the pre- to postevent (Y–1 to Y+3) change 
in total annual earnings attributable to the health events. Total 
earnings were calculated as the pretax sum of all wages, salaries, 
net self-employment income, other employment earnings and 
Indian Act exemption for employment income, indexed to 2012 
dollars using the Canadian Consumer Price Index. Two other 
 secondary outcomes were the changes in total annual earnings 
attributable to the health events from Y–1 to Y+1 and Y+2.

Statistical analysis
We quantified the effect of health events on mean yearly earn-
ings using matched difference-in-difference, ordinary least 
squares regression. This method compares the pre- to postevent 
change in earnings of participants who were exposed to admis-
sion to hospital, who experienced a health event, to the analo-
gous change for controls who did not. This “double difference” 
represents the effect on earnings attributable to the health 
event.18 Although it is not well recognized in the medical litera-
ture, causal inference achieved by combining matching with 
parametric regression analysis is well-established in other 
areas.18–20 To compare proportions of those who were working 
postevent between exposed and unexposed participants, we 
used weighted multivariable probit regression on the matched 
cohorts (Appendix 1).

We performed 3 prespecified subset analyses. For outcomes 
in Y+3, we restricted analyses to individuals who were working in 
Y+3, as indicated by nonzero earnings in that year. To reduce 
confounding caused by false-positive identification of health 
events, we restricted our criteria for exposure to admission to 
hospital to include only those whose index hospital lengths of 
stay were at least 3 days. To reduce the contribution of patients 
whose health events led to early retirement, we restricted analy-
ses to those who were 40–55 years of age in Y0.
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We used reweighting methodology to assess heterogeneity 
effects, and how labour market outcomes of acute MI and stroke 
differed across substrata of 12 variables (Appendix 1). We did not 
use this methodology for cardiac arrest because the smaller 
number of cases led to unacceptable case loss during the 
reweighting procedure, threatening the generalizability of those 
results (Supplemental Table 2, Appendix 1).

Analysis was performed using Stata 14 (StataCorp). We con-
sidered a p value of less than 0.05 to be significant.

Ethics approval
This study was approved by the Health Research Ethics Board of 
the University of Manitoba.

Results

The number of individuals hospitalized for health events who 
 survived at least 3 years is 19 129 for acute MI, 4395 for stroke 
and 1043 for cardiac arrest (Table  1; Supplemental Figure  1, 

Table 1: Baseline characteristics for the matched and weighted exposed health event and unexposed control cohorts

Characteristic

Acute MI (%)* Cardiac arrest (%)* Stroke (%)*

  Exposed 
cohort

n = 19 129

Matched 
control cohort
n = 1 820 644 Std. diff.

Exposed 
cohort
n = 1043

Matched 
control cohort
n = 307 375 Std. diff.

Exposed 
cohort
n = 4395

Matched 
control 
cohort

n = 888 481 Std. diff.

Age in Y0, mean ± SD; yr 53.0 ± 5.5 52.9 ± 5.5 0.012 52.6 ± 5.7 52.5 ± 5.8 0.010 53.1 ± 5.8 53.0 ± 5.8 0.012

Sex, female 3655 (19.1) 347 873 (19.1) 0.000 247 (23.7) 72 792 (23.7) 0.000 1522 (34.6) 307 683 (34.6) 0.000

Province of residence in Y–1 Various Various All 0.000 Various Various All 0.000 Various Various All 0.000

Urban residence in Y–1 16 054 (83.9) 1 527 974 (83.9) 0.000 940 (90.1) 277 021 (90.1) 0.000 3821 (86.9) 772 443 (86.9) 0.000

Married/common law in Y–1 15 299 (79.9) 1 455 164 (79.9) 0.000 852 (81.7) 251 087 (81.7) 0.000 3287 (74.8) 664 491 (74.8) 0.000

Union member in Y–1 5954 (31.1) 566 685 (31.1) 0.000 338 (32.4) 99 610 (32.4) 0.000 1365 (31.1) 275 945 (31.1) 0.000

Any self-employment in Y–1 3101 (16.2) 294 144 (16.2) 0.000 154 (14.8) 45 384 (14.8) 0.000 636 (14.5) 128 572 (14.5) 0.000

Earnings in Y–1, mean ± SD; 
2012$

53 263 ± 
44 572

53 618 ± 
45 883

–0.008 55 192 ±
 47 141

55 044 ±
 47 162

0.003 47 657 ± 
41 9 33

48 131 ±
 43 884

–0.011

Earnings in Y–2, mean ± SD; 
2012$

54 115 ± 
44 527

54 465 ±
 45 954

–0.008 54 827 ± 
44 332

55 442 ±
 46 679

–0.014 48 585 ±
 41 944

48 995 ± 
43 693

–0.010

At least 1 hospital day in Y–3,
Y–2, Y–1

2023 (10.6) 192 543 (10.6) 0.000 199 (19.1) 58 646 (19.1) 0.000 689 (15.7) 139 286 (15.7) 0.000

Had children < 18 yr of age in
Y–1

5547 (29.0) 544 634 (29.9) –0.020 339 (32.5) 97 710 (31.8) 0.015 1182 (26.9) 253 929 (28.6) –0.038

No. of children < 18 yr in Y–1, of 
those with children

    Mean ± SD 1.6 ± 0.8 1.6 ± 0.8 –0.020 1.6 ± 0.8 1.6 ± 0.8 0.002 1.6 ± 0.8 1.6 ± 0.8

    Median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) –0.055

Charlson Comorbidity Score

    Mean ± SD 0.11 ± 0.40 0.29 ± 0.61 0.44 ± 0.87

    Median (IQR) 0 (0–0) 0 (0–0) 0 (0–0)

Index hospital LOS, d

    Mean ± SD 5.8 ± 6.2 14.3 ± 17.0 12.8 ± 21.4

    Median (IQR) 3 (4–6) 5 (9–18) 3 (6–12)

In special care unit 14 921 (78.0) 943 (90.4) 958 (21.8)

Mechanical ventilation 1817 (9.5) 504 (48.3) 251 (5.7)

Cardiac catheterization 15 475 (80.9) 721 (69.1)

Coronary revascularization 12 625 (66.0) 464 (44.5)

Stroke type

    Ischemic 2707 (61.6)

    Hemorrhagic 615 (14.0)

    Not specified 193 (24.4)

Note: IQR = interquartile range, LOS = length of stay, MI = myocardial infarction, SD = standard deviation, std. diff. = standardized difference = (mean2 – mean1)/[(SD1
2 + SD2

2)/2]1/2, Y0 = 
calendar year of index health event, Y–1 = previous year before health event, Y–2 = 2 years before the health event, Y+3 = third calendar year after Y0.
*Unless specified otherwise. 
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Figure 1: Temporal evolution of labour market outcomes (left-hand side panels: fraction of participants who were working; right-hand side panels: average 
total yearly earnings) for matched, weighted health events (A) acute myocardial infarction, (B) cardiac arrest and (C) stroke, and unexposed control cohorts. 
Note: Y0 = calendar year of index health event, Y–1 = previous year before health event, Y–2 = 2 years before the health event, Y+1 = first calendar year after Y0, 
Y+2 = second calendar year after Y0, Y+3 = third calendar year after Y0. *p < 0.001 between health event (exposed) and unexposed control cohorts.
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 Appendix 1). The number of matched controls exceeded 370 000 
for all 3 cohorts (Table  1). Matching eliminated differences 
between exposed and unexposed groups (Table 1; Supplemental 
Table 3, Appendix 1).

Compared with unexposed controls, 3  years postevent, 5 to 
20 percentage points fewer of those who had the health events 
were working, and their mean annual earnings were reduced by 
$3834–$13 278 (Figure 1, Table 2; Supplemental Table 4, Appen-
dix 1; p < 0.001 for all differences). The size of effects were great-
est for stroke and smallest for acute MI. The annual income dec-
rements represent decrements in relative earnings of 8.1% for 
acute MI, 22.8% for cardiac arrest and 31.2% for stroke. The 
reductions in rates of employment and earnings were evident by 
the first postevent year (Figure 1; Supplemental Table 5, Appen-
dix 1) and were sustained.

Prespecified subgroup analyses are shown in Table  2. Even 
participants working in Y+3 had reduced annual earnings attrib-
utable to the 3 health events; expressed as fractions of the reduc-
tions for the entire cohorts, these decreases were 65.8% for 
acute MI, 73.8% for cardiac arrest and 71.0% for stroke. When we 
excluded participants whose hospital stays were less than 
3 days, the effects of acute MI and stroke were larger than for the 
main analysis. When we excluded participants over 55  years of 
age, the effects of acute MI and stroke were smaller than for the 
main analysis.

There was marked heterogeneity in the effects of acute MI 
and stroke on employment decline, with larger average effects for 
participants of older age, lower baseline earnings, comorbid dis-
ease, longer index hospital stay and requirement for mechanical 

ventilation during hospital stay (Table  3). Employment decline 
was greater for those participants with hemorrhagic stroke than 
for those with ischemic strokes. However, sex, marital status and 
self-employment status were not important effect modifiers. For 
acute MI, employment decline did not depend on whether the 
participant received cardiac catheterization or revascularization 
during the index hospital stay.

Larger effects on earnings were seen for participants with 
acute MI and stroke with comorbidity, longer index hospital 
length of stay and need for mechanical ventilation during the 
hospital stay (Table  3; Supplemental Table  6, Appendix  1). 
Although absolute earning declines attributable to health events 
increased with higher baseline income for participants with 
acute MI and stroke, those in lower baseline earnings terciles had 
greater fractional declines (acute MI 13.4%, 9.0% and 6.4%; 
stroke 43.4%, 32.3% and 26.4%).

Interpretation

We quantified sustained inability to work and economic losses 
for participants from acute MI, cardiac arrest and stroke, and 
highlighted the subgroups at greatest risk. Three  years after 
admission to hospital for any of these health events, participants 
who survived were less likely than the matched participants who 
were unexposed to be working, and had greater losses in annual 
earnings. The size of annual earnings losses attributable to these 
health events were substantial, with relative decrements of 
8%–31%. These losses were not limited to those who became 
unable to work; those working in the third postevent year had 

Table 2: Changes attributable to health events in the third year after versus the year before hospital admission for the health 
event

Model
No. of 

participants

Pre- to postevent absolute change attributable to the health event

Percent employed, estimate
(95% CI)

Annual earnings, estimate (95% CI); 
$2012

Acute MI

Baseline model 1 839 773 –5.0 (–5.5 to –4.5) –3834 (–4323 to –3346)

Subsets: working in Y+3 1 692 408 –2525 (–3025 to –2024)

Index hospital LOS ≥ 3 d 1 677 713 –5.5 (–6.1 to –4.9) –4136 (–4676 to –3597)

Age ≤ 55 yr 1 372 022 –4.4 (–4.9 to –3.8) –3584 (–4182 to –2985)

Cardiac arrest

Baseline model 308 418 –12.9 (–15.3 to –10.4) –11 143 (–13 324 to –8962)

Subsets: working in Y+3 285 994 –8220 (–10 710 to –5729)

Index hospital LOS ≥ 3 d 288 566 –13.2 (–15.7 to –10.6) –11 348 (–13 661 to –9035)

Age ≤ 55 yr 233 933 –12.6 (–15.4 to –9.7) –13 203 (–16 089 to –10 318)

Stroke

Baseline model 892 876 –19.8 (–21.2 to –18.5) –13 278 (–14 255 to –12 301)

Subsets: working in Y+3 817 741 –9430 (–10 610 to –8249)

Index hospital LOS ≥ 3 d 784 202 –22.1 (–23.5 to –20.6) –14 462 (–15 519 to –13 404)

Age ≤ 55 yr 648 242 –18.8 (–20.8 to –17.2) –14 015 (–15 279 to –12 752)

Note: CI = confidence interval, LOS = length of stay, MI = myocardial infarction, Y0 = calendar year of index health event, Y+3 = third calendar year after Y0. p < 0.001 for all 21 comparisons.
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Table 3: Stratified changes attributable to health events in the third year after versus the year before hospital admission*†

Variable

Employed percentage points,
estimate (95% CI) Total yearly earnings, estimate (95% CI); $2012

Acute MI Stroke Acute MI Stroke

Age group, yr ‡

40–49 –4.1 (–5.0 to –3.3) –17.3 (–19.8 to –14.7) –3512 (–4402 to –2622) –13 249 (–15 084 to –11 415)

50–55 –4.9 (–5.8 to –4.1) –21.1 (–23.6 to –18.7) –3505 (–4299 to –2711) –13 293 (–15 119 to –11 467)

56–61 –6.0 (–7.0 to –5.0) –21.5 (–23.9 to –19.1) –4426 (–5303 to –3546) –12 878 (–14 526 to –11 230)

Sex

Male –4.8 (–5.4 to –4.2) –19.8 (–21.6 to –18.0) –3727 (–5305 to –3546) –13 500 (–14 695 to –12 306)

Female –5.4 (–6.7 to –4.0) –19.2 (–21.7 to –16.8) –3520 (–5416 to –1624) –12 257 (–14 351 to –10 163)

Y–1 earnings, terciles

Low –8.5 (–9.6 to –7.5) –28.1 (–30.5 to –25.6) –2710 (–3222 to –2198) –7752 (–8575 to –6929)

Middle –4.4 (–5.1 to –3.6) –17.7 (–19.8 to –15.5) –4099 (–4734 to –3464) –13 871 (–15 204 to –12 538)

High –1.7 (–2.6 to –0.8) –9.6 (–12.3 to –6.9)‡ –6070 (–7936 to –4204) –23 780 (–27 963 to –19 598)

Y–1 marital status

Single –5.9 (–7.3 to –4.6) –23.7 (–26.8 to –20.6) –3742 (–5138 to –2347) –14 367 (–16 870 to –11 864)

Married or common law –4.8 (–5.4 to –4.3) –19.1 (–20.7 to –17.4) –3957 (–4489 to –3425) –12 720 (–13 833 to –11 607)

Any Y–1 self-employment

No –5.4 (–5.9 to –4.8) –22.1 (–23.9 to –20.4) –3990 (–4513 to –3468) –13 434 (–14 605 to –12 263)

Yes –3.3 (–4.5 to –2.0) –14.0 (–17.4 to –10.6) –3300 (–5109 to –1490) –11 753 (–15 237 to –8270)

Charlson Comorbidity Index

0 –4.6 (–5.2 to –4.1) –16.3 (–17.9 to –14.7) –3525 (–5109 to –1490) –11 547 (–12 682 to –10 412)

≥ 1 –11.1 (–13.4 to –8.9) –30.4 (–33.5 to –27.3) –8288 (–10 373 to –6204) –18 823 (–21 006 to –16 641)

Index hospital LOS, terciles

Lowest –3.1 (–3.9 to –2.3) –9.9 (–12.2 to –7.6) –2623 (–3374 to –1872) –7362 (–9108 to –5615)

Intermediate –5.3 (–6.2 to –4.3) –17.7 (–20.3 to –15.2) –4204 (–5128 to –3280) –11 513 (–13 364 to –9662)

Highest –7.1 (–8.1 to –6.2) –34.7 (–37.6 to –31.7) –5291 (–6301 to –4281) –22 374 (–24 533 to –20 216)

Special care unit

No –4.6 (–5.7 to –3.5) –16.4 (–18.0 to –14.8) –3703 (–4748 to –2657) –11 636 (–12 824 to –10 447)

Yes –5.0 (–5.6 to –4.5) –28.6 (–32.0 to –25.2) –3915 (–4476 to –3354) –18 356 (–20 779 to –15 933)

Mechanical ventilation

No –4.5 (–5.0 to –4.0) –17.8 (–19.5 to –16.1) –3629 (–4159 to –3099) –12 470 (–13 761 to –11 179)

Yes –9.6 (–11.5 to –7.7) –45.1 (–52.2 to –37.9) –7572 (–9457 to –5687) –26 198 (–31 409 to –20 987)

Cardiac catheterization

No –5.0 (–6.1 to –3.8) NA –4034 (–5177 to –2892) NA

Yes –5.0 (–5.6 to –4.5) –3743 (–4294 to –3192)

Revascularization

No –5.1 (–6.0 to –4.2) NA –3434 (–4313 to –2554) NA

Yes –5.0 (–5.7 to –4.4) –3926 (–4537 to –3315)

Stroke type ‡

Ischemic NA –20.0 (–21.9 to –18.0) NA –13 823 (–15 285 to –12 362)

Hemorrhagic –25.0 (–29.1 to –20.8) –15 910 (–18 887 to –12 933)

Note:  CI = confidence interval, LOS = length of stay, MI = myocardial infarction, NA = not applicable, Y0 = calendar year of index health event, Y–1 = previous year before health event.
*Each row is a separate analysis.
†These analyses were not performed for cardiac arrest because the much smaller number of cases led to unacceptable case loss during the reweighting procedure, threatening the 
generalizability of those results (Supplemental Table 2, Appendix 1).
‡By seemingly unrelated estimation among the categories.
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earnings decrements of 5%–20%. The earnings losses were well-
established by the first year postevent and changed little to the 
third postevent year, creating a widening gap in cumulative earn-
ings between those who had and had not had these health 
events. The effects showed marked heterogeneity. Foremost was 
that the size of the effects differed greatly between the 3 condi-
tions, being three- to fourfold greater for stroke than acute MI. 
This likely reflects greater degrees of health-related disability 
arising from stroke and cardiac arrest than from acute MI. There 
were also differences in the effect attributable to acute MI and 
stroke by some of the characteristics of the participants and the 
index admissions to hospital; a number of these gradients were 
greater than twofold in size, including those associated with 
comorbidity, index hospital length of stay, need for mechanical 
ventilation and pre-event earnings.

Unemployment and lost earnings owing to common health 
events have broad societal relevance, with consequences for 
patients, families, employers and governments. For those who are 
affected, the financial effects of such health events extend as far as 
causing bankruptcy.21 As discussed, earnings losses can start a cas-
cade that further worsens health. Lost opportunity costs of unpaid 
care provided by family members to survivors who are debilitated 
amount to one-quarter or more of the direct health care costs.7 
Even larger are the costs of lost productivity owing to debility 
among those who survive cardiovascular health events, variously 
borne by employers and governments.7,22 Our study provides high-
quality data needed for accurate, bottom-up calculations of the 
cumulative economic consequences of these common health 
events.22 In addition, our identification of high-risk subgroups may 
assist in targeting interventions, policies and legislation to pro-
mote return to work,23–25 which itself is associated with well-being 
and life satisfaction among those having these health events.26

Previous studies have attempted to quantify labour market 
outcomes associated with acute MI,27–32 stroke28,29,33–36 and car-
diac arrest37 but had substantial methodological limitations. We 
and others28 observed declines over time in employment and 
earnings among unexposed controls, which is relevant because 
most previous studies have lacked such controls, leading to a 
possible overestimation of effects attributable to the health 
events. Of the 3 studies that included unexposed controls, 1 was 
a single-centre study of stroke.33 The other 2 assessed combined 
cohorts of acute MI and stroke,28 or acute MI, stroke and cancer,29 
making interpretation difficult given the large difference in 
labour market outcomes we observed between those 2  health 
events. In the previous study most comparable to ours, Fadlon 
and Nielsen applied matched difference-in-difference analysis to 
a population-based sample of 92 000 survivors of either acute MI 
or stroke in Denmark over 31  years. They reported that excess 
losses of employment and earnings at 3  years postevent were 
17% and 19%, respectively.28 Another population-based Danish 
study reported greater rates of working after an acute MI among 
men, patients who were married, patients with higher socioeco-
nomic status and fewer chronic comorbid conditions, and after 
percutaneous but not surgical revascularization.32 Differences 
with our findings could relate to a lack of unexposed controls in 
this Danish study.

Our study has several strengths. Using matching with differ-
ence-in-difference regression is a powerful combination that 
reduces bias caused by both observed and unobserved charac-
teristics,38 and has been extensively used for causal inference in 
observational data.18–20 Using recent population-based data that 
includes most of the Canadian population over multiple years 
obviates concerns about generalizability. Finally, assessing out-
comes over the 3  years after health events allowed us to look 
beyond transient labour market consequences of health events. 

Limitations
There are also limitations. First, our findings may not be generaliz-
able to other countries. National differences in social supports 
including health, disability and unemployment insurance may sub-
stantially influence labour market responses of individuals to ill-
ness and injury.39 Second, because we excluded patients who died 
within 3 years of their health events, and those residing in Quebec 
and the territories, our findings may not apply to such cohorts. Sim-
ilarly, as only admissions to hospital for acute care were examined, 
our findings may not apply to emergency department and other 
types of contact that did not lead to hospital admission. Third, we 
were unable to assess heterogeneity for variables not included in 
the hospital and tax data; variables such as level of physical 
activity, which may affect risk of disease and subsequent func-
tional capacity, could not be assessed. Finally, although individual 
earnings comprise 87%–97% of total income for Canadians in the 
age groups we studied,40 they do not represent the entire economic 
landscape for some individuals; other sources of income can 
include spousal or other household earnings, investment income, 
disability and other insurance payments, and other financial sup-
port. However, even if other sources of income cushion the direct 
financial consequences of health events, being employed is associ-
ated with life satisfaction,2,3 and unemployment per se is a risk fac-
tor for all-cause mortality.41

Conclusion
Our findings add individual-level details to the current understand-
ing of the economic consequences of cardiovascular and cerebro-
vascular disease.39 The loss of earnings attributable to these health 
events represent some of the total costs of caring for such condi-
tions.42 Because these effects differ by health event and possibly by 
country, much work remains to form a more complete understand-
ing of how acute illnesses influence labour market outcomes.43

References
 1. Our story. Washington: Patient-Centered Outcomes Research Institute. Available: 

www.pcori.org/about-us/our-story (accessed 2016 Dec. 3).  
 2. D’Ambrosio C, Frick JR. Individual wellbeing in a dynamic perspective. Economica 

2012;79:284-302.
 3. Near JP, Rice RW, Hunt RG. The relationship between work and nonwork 

domains: a review of empirical research. Acad Manage Rev 1980;5:415-29.
 4. Zivin K, Ratliff S, Heisler MM, et al. Factors influencing cost-related nonadherence 

to medication in older adults: a conceptually based approach. Value Health 
2010;13:338-45.

 5. Jackevicius CA, Li P, Tu J. Prevalence, predictors, and outcomes of primary 
nonadherence after acute myocardial infarction. Circulation 2008;117:1028-36.

 6. Ho PM, Rumsfeld J, Masoudi F, et al. Effect of medication nonadherence on 
hospitalization and mortality among patients with diabetes mellitus. Arch 
Intern Med 2006;166:1836-41.



RE
SE

AR
CH

E10 CMAJ  |  JANUARY 7, 2019  |  VOLUME 191  |  ISSUE 1 

 7. Leal J, Luengo-Fernandez R, Gray A, et al. Economic burden of cardiovascular 
diseases in the enlarged European Union. Eur Heart J 2006;27:1610-9.

 8. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 
causes of death for 20 age groups in 1990 and 2010: a systematic analysis for 
the Global Burden of Disease Study 2010 [published erratum in Lancet 
2013;381:628]. Lancet 2012;380:2095-128.

 9. 2009 Tracking heart disease and stroke in Canada. Ottawa: Public Health Agency 
of Canada; 2009. Available: www.canada.ca/en/public-health/services/reports 
-publications /2009-tracking-heart-disease-stroke-canada.html (accessed 2018 
Sept. 6).

10. Table 1: Acute myocardial infarction (AMI) events, rates, rate differences and rate 
ratios, by sex, age group and Aboriginal identify group in dissemination area, 
population aged 20 or older, Canada excluding Quebec, 2004/2005 to 2010/2011. 
Ottawa: Statistics Canada; modified 2015 Nov. 27. Cat no 82-003-X. Available:  
www.statcan.gc.ca/pub/82-003-x/2013007/article/11853/tbl/tbl1-eng.htm 
(accessed 2014 Aug. 11).

11. Krishnamurthi RV, Feigin VL, Forouzanfar MH, et al. Global and regional burden 
of first-ever ischaemic and haemorrhagic stroke during 1990–2010: findings from 
the Global Burden of Disease Study 2010. Lancet Glob Health 2013; 1:e259-81.

12. Wong MKY, Morrison LJ, Qiu F, et al. Trends in short- and long-term survival 
among out-of-hospital cardiac arrest patients alive at hospital arrival. Circulation 
2014;130:1883-90.

13. Sanmartin C, Reicker A, Dasylva A, et al. Data Resource Profile: Canadian Hos-
pitalization and Taxation Database (C-HAT). Int J Epidemiol 2018 Mar. 24. doi: 
10.1093/ije/dyy038. [Epub ahead of print].

14. Discharge Abstract Database (DAD) metadata. Ottawa: Canadian Institute for 
Health Information. Available: www.cihi.ca/en/discharge-abstract-database 
-metadata (accessed 2018 Aug. 2).

15. Iacus SM, King G, Porro G. Causal inference without balance checking: Coars-
ened Exact Matching. Polit Anal 2012;20:1-24.

16. Iacus SM, King G, Porro G. Multivariate matching methods that are monotonic 
imbalance bounding. J Am Stat Assoc 2011;106:345-61.

17. Statistical Area Classification (SAC). Ottawa: Statistics Canada; modified 2018 
Sept. 17. Cat no 92-195-X. Available: www.statcan.gc.ca/pub/92-195-x/2011001/
other-autre/sac-css/sac-css-eng.htm (accessed 2016 Dec. 19).

18. Lechner M. The estimation of causal effects by difference-in-difference methods. 
Found Trends Econom 2011;4:165-224.

19. Imbens GW, Rubin DB. Causal inference for statistics, social, and biomedical 
sciences: an introduction. New York: Cambridge University Press; 2015.

20. Ho D, Imai K, King G, et al. Matching as Nonparametric preprocessing for reducing 
model dependence in parametric causal inference. Polit Anal 2007; 15:199-236.

21. Himmelstein D, Warren E, Thorne D, et al. Illness and injury as contributors to bank-
ruptcy. Health Aff (Millwood) 2005; Jan-Jun;Suppl Web Exclusives: W5-63-W5-73.

22. Wieser S, Ruthemann I, De Boni S, et al. Cost of acute coronary syndrome in 
Switzerland in 2008. Swiss Med Wkly 2012;142:w13655.

23. Ntsiea MV, Van Aswegen H, Lord S, et al. The effect of a workplace intervention 
programme on return to work after stroke: a randomised controlled trial. Clin 
Rehabil 2015;29:663-73.

24. Hannerz H, Mortensen OS, Poulsen OM, et al. Time trend analysis of return to 
work after stroke in Denmark 1996–2006. Int J Occup Med Environ Health 2012; 
25:200-4.

25. Earle A, Ayanian JZ, Heymann J. Work resumption after newly diagnosed coro-
nary heart disease: findings on the importance of paid leave. J Womens Health 
(Larchmt) 2006;15:430-41.

26. Vestling M, Tufvesson B, Iwarsson S. Indicators for return to work after stroke 
and the importance of work for subjective well-being and life satisfaction. 
J Rehabil Med 2003;35:127-31.

27. McBurney CR, Eagle KA, Kline-Rogers EM, et al. Work-related outcomes after a 
myocardial infarction. Pharmacotherapy 2004;24:1515-23.

28. Fadlon I, Nielsen TH. Household responses to severe health shocks and the 
design of social insurance. Cambridge (MA): National Bureau Of Economic 
Research; 2015.

29. Jones AM, Rice N, Zantomio F. Acute health shocks and labour market out-
comes. Venice: Department of Economics, Ca’ Foscari University of Venice; 2016.

30. Hämäläinen H, Maki J, Virta L, et al. Return to work after first myocardial 
infarction in 1991–1996 in Finland. Eur J Public Health 2004;14:350-3.

31. Abbas AE, Brodie B, Stone G, et al. Frequency of returning to work one and six 
months following percutaneous coronary intervention for acute myocardial 
infarction. Am J Cardiol 2004;94:1403-5.

32. Osler M, Martensson S, Prescott E, et al. Impact of gender, co-morbidity and social 
factors on labour market affiliation after first admission for acute coronary syn-
drome. A cohort study of Danish patients 2001–2009. PLoS One 2014; 9:e86758.

33. Maaijwee NAMM, Rutten-Jacobs LCA, Arntz RM, et al. Long-term increased risk 
of unemployment after young stroke: a long-term follow-up study. Neurology 
2014;83:1132-8.

34. Westerlind E, Persson HC, Sunnerhagen KS. Return to work after a stroke in 
working age persons; a six-year follow up. PLoS One 2017;12:e0169759.

35. Schulz CH, Godwin K, Hersch G, et al. Return to work predictors of stroke survi-
vors and their spousal caregivers. Work 2017;57:111-24.

36. Sreedharan SE, Unnikrishnan J, Amal M, et al. Employment status, social func-
tion decline and caregiver burden among stroke survivors. A South Indian 
study. J Neurol Sci 2013;332:97-101.

37. Kragholm K, Wissenberg M, Mortensen RN, et al. Return to work in out-of-hospital 
cardiac arrest survivors: a nationwide register-based follow-up study. Circulation 
2015;131:1682-90.

38. Heckman J, Ichimura H, Todd P. Matching as an econometric evaluation esti-
mator: evidence from evaluating a job training programme. Rev Econ Stud 
1997;64:605-54.

39. WHO guide to identifying the economic consequences of disease and injury. 
Geneva: World Health Organization; 2009. Available: www.who.int/choice/
publications/d_economic_impact_guide.pdf (accessed 2014 Jan. 3).

40. Data tables. 2016 Census. Income Sources and Taxes (16), Income Statistics (4) in 
Constant (2015) Dollars, Economic Family Income Decile Group (13) and Year (2) 
for the Population Aged 15 Years and Over in Private Households of Canada, 
Provinces and Territories, Census Metropolitan Areas and Census Agglomera-
tions, 2006 Census - 20% Sample Data and 2016 Census - 100% Data. Ottawa: 
Statistics Canada; modified 2018 Jan. 16. Cat no 98-400-X20-16117. Available: 
www12.statcan.gc.ca/census-recensement/2016/dp-pd/dt-td/Rp-eng.cfm?LANG
=E&APATH=3&DETAIL=0&DIM=0&FL=A&FREE=0&GC=0&GID=0&GK=0&GRP=1&
PID=110258&PRID=10&PTYPE=109445&S=0&SHOWALL=0&SUB=0&Temporal=
2016&THEME=119&VID=0&VNAMEE=&VNAMEF= (accessed 2018 Dec. 3).

41. Roelfs DJ, Shor E, Davidson KW, et al. Losing life and livelihood: a systematic 
review and meta-analysis of unemployment and all-cause mortality. Soc Sci 
Med 2011;72:840-54.

42. Demaerschalk BM, Hwang H, Leung G. US cost burden of ischemic stroke: a 
systematic literature review. Am J Manag Care 2010;16:525-33.

43. Garland A. Labor market outcomes: expanding the list of patient-centered out-
comes in critical care. Am J Respir Crit Care Med 2017;196:946-7.

Competing interests: None declared.

This article has been peer reviewed.

Affiliations: Departments of Medicine and 
Community Health Sciences (Garland), Max 
Rady College of Medicine, University of 
Manitoba, Winnipeg, Man.; Statistics Canada 
(Jeon, Rotermann, Sanmartin), Ottawa, Ont.; 
Department of Economics (Stepner), 
Massachusetts Institute of Technology, 
Cambridge, Mass.; Manitoba Centre for Health 
Policy (Fransoo), University of Manitoba 
Winnipeg, Man.; Interdepartmental Division of 
Critical Care (Wunsch, Scales), University of 
Toronto, Toronto, Ont.; Division of Pulmonary 
and Critical Care Medicine (Iwashyna), 
University of Michigan, Ann Arbor, Mich.

Contributors: Michelle Rotermann, Sung-Hee 
Jeon, Claudia Sanmartin and Michael Stepner 
collected the data. Sung-Hee Jeon, Michelle 
Rotermann and Michael Stepner analyzed the 
data. Allan Garland, Michael Stepner and 
Michelle Rotermann performed the literature 
search. All of the authors contributed to the 
study design, interpreted the data, drafted the 
manuscript and revised it critically for impor-
tant intellectual content, gave final approval 
of the version to be published and agreed to 
be accountable for all aspects of the work. 

Funding: The study was funded through 
grants from the Heart and Stroke Foundation 
of Canada (G-15-0009227) and the Research 
Manitoba Partnership Grant Program. The 

funders had no role in the design and conduct 
of the study; collection, management, analysis 
and interpretation of the data; preparation, 
review or approval of the manuscript; and deci-
sion to submit the manuscript for publication.

Data sharing: The de-identified, linked tax 
and hospital Canadian Hospitalization and 
Taxation Database is available for use at Sta-
tistics Canada by approved researchers. For 
more information contact statcan.had-das 
-das-had.statcan@canada.ca.

Accepted: Nov. 5, 2018

Correspondence to: Allan Garland, 
agarland@hsc.mb.ca


