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Abstract

Background: Many countries have been increasing their state pension age (SPA); none-

theless, there is little consensus on whether retirement affects the risk of cardiovascular

disease (CVD). This study examined the associations of retirement with CVD and risk fac-

tors.

Methods: We used harmonized longitudinal datasets from the Health and Retirement

Study and its sister surveys in 35 countries. Data comprised 396 904 observations from

106 927 unique individuals aged 50–70 years, with a mean follow-up period of 6.7 years.

Fixed-effects instrumental variable regressions were performed using the SPA as an

instrument.

Results: We found a 2.2%-point decrease in the risk of heart disease [coefficient¼ -0.022

(95% confidence interval: -0.031 to -0.012)] and a 3.0%-point decrease in physical inactiv-

ity [-0.030 (-0.049 to -0.010)] among retirees, compared with workers. In both sexes,

retirement was associated with a decreased heart disease risk, whereas decreased

smoking was observed only among women. People with high educational levels showed

associations between retirement and decreased risks of stroke, obesity and physical

inactivity. People who retired from non-physical labour exhibited reduced risks of heart

disease, obesity and physical inactivity, whereas those who retired from physical labour

indicated an increased risk of obesity.

Conclusions: Retirement was associated with a reduced risk of heart disease on average.

Some associations of retirement with CVD and risk factors appeared heterogeneous by

individual characteristics.

Key words: Retirement, state pension age, heart disease, stroke, hypertension, diabetes, physical inactivity,

smoking, binge drinking
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Introduction

Many countries have been increasing the state pension age

(SPA) to accommodate the ageing population.1 For exam-

ple, the UK and the USA plan to increase their SPA to age

67. The SPA influences individual workers’ decisions re-

garding the timing of their retirement. Nonetheless, the po-

tential impact of delayed retirement on health has not been

considered in political debates. In particular, cardiovascu-

lar disease (CVD) ranks as the leading cause of mortality

worldwide, killing 16.5 million people aged �55 in 2019.2

A growing body of literature has explored the association

between retirement and CVD; however, the findings are in-

consistent. Several studies from European countries found

an increased CVD risk among retirees, whereas studies

from the USA seldom showed a clear association between

retirement and CVD.3 No studies reported a beneficial as-

sociation between retirement and CVD.3

The observed detrimental association may be attribut-

able to the healthy worker survivor effect (‘those who re-

main employed tend to be healthier than those who leave

employment’4). There is conflicting evidence on an in-

creased CVD risk in the literature. For instance, job strain

is a known risk factor for CVD.5 Based on the psychosocial

mechanism, relief from job strain can be protective against

CVD. There are other inconsistencies in several findings re-

garding preferable changes in CVD risk factors, such as in-

creased physical activity, sleep quality and smoking

cessation after retirement.6–14 Although evidence is mixed,

some studies also suggested decreases in body weight,

hypertension, diabetes and heavy drinking among

retirees.13–15 To address the potential healthy worker sur-

vivor effect, several studies have used the SPA as an instru-

mental variable (IV) that is strongly correlated with

retirement but does not directly affect the outcomes. IV

studies using data from the Health and Retirement Study

(HRS) and the English Longitudinal Study on Ageing

(ELSA) have reported an ambiguous association between

retirement and CVD.16,17 Because IV estimates tend to

have wide confidence intervals (CIs),18 these studies may

be less conclusive. Most previous studies were conducted

in a single country or region and had limitations with re-

spect to statistical power and generalizability to other

countries. Moreover, researchers were unable to determine

whether the inconsistent results were due to differences in

the study population or other factors (e.g. study designs,

measures of retirement and outcomes, analytical methods).

Therefore, the present study aimed to investigate the as-

sociation of retirement with CVD and various risk factors

and to provide a holistic view using data from 35 coun-

tries. The endogenous decision regarding retirement was

handled using the SPA as an IV.

Methods

Database and study participants

This study used the harmonized datasets of the HRS and

its sister surveys provided by the Gateway to Global Aging

Data project.19 Our datasets comprised the following sur-

veys with multiple observations: waves 1, 2 and 4–8

(2004–19) of the Survey of Health, Ageing and Retirement

in Europe (SHARE); waves 1–9 (2002–18) of the ELSA;

waves 1–5 (2005–12) of the Costa Rican Longevity and

Healthy Aging Study (CRELES); waves 1–5 (2001–18) of

the Mexican Health and Aging Study (MHAS); waves 1–

14 (1992–2018) of the RAND HRS; waves 1–4 (2011–18)

of the China Health and Retirement Longitudinal Study

(CHARLS); waves 1–3 (2007–11) of the Japanese Study of

Aging and Retirement (JSTAR); and waves 1–7 (2006–18)

of the Korean Longitudinal Study of Aging (KLoSA). All

surveys were designed to represent the national older pop-

ulation except for the JSTAR, which recruited participants

randomly from 10 specific municipalities. The same indi-

viduals were followed up approximately biennially; how-

ever, the MHAS and CHARLS conducted the interviews

Key Messages

• Evidence on the association between retirement and cardiovascular disease (CVD) is inconsistent, and no studies

have reported a beneficial association between retirement and CVD.

• This study indicated the beneficial effect of retirement on heart disease for the first time, using fixed-effects

instrumental variable regression. Retirement was also associated with decreased physical inactivity.

• Some associations of retirement with CVD and risk factors appeared heterogeneous by individual characteristics such

as educational attainment and experience of physical labour.

• The present study contributed to the literature by providing a holistic view of the associations of retirement with CVD

and various risk factors, using harmonized longitudinal datasets in 35 countries.

• Policy makers need to consider the benefits of raising the state pension age and allowing older people to continue

working versus the costs from the potential risk of expensive medical conditions such as CVD.
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triennially since 2012 and 2015, respectively. The CRELES

included a cohort interviewed in waves 1–3 (2005–09) and

another cohort interviewed in waves 4–5 (2010–12).

Figure 1 describes the flowchart of our analytical sam-

ple. Originally, the harmonized data involved 973 031

observations from 276 928 unique individuals. In the

analysis we included people aged 50–70 years, whose tim-

ing of retirement could be affected by the SPA. Of note, the

CRELES interviewed adults aged �60 years in waves 1–3

and individuals aged 55–65 years in waves 4–5, whereas

the HRS interviewed adults aged �51 years. We excluded

the following observations in the analyses: rural residents

in the CHARLS because China had different pension sys-

tems in rural and urban areas20; those who were not work-

ing for reasons other than retirement (e.g. unemployed,

disabled, homemaker); observations with missing values

for explanatory variables; and individuals with only one

observation because keeping them in a fixed-effects model

could underestimate standard errors.21 Thus, our study

participants comprised 396 904 observations from 106 927

unique individuals in 35 countries. We additionally ex-

cluded observations with missing outcome from the analy-

sis, and the number of missing values varied across

outcomes.

Outcomes

The outcomes included the occurrence of heart disease and

stroke. At the first interview, participants were asked

whether a doctor had ever told them that they had or

currently have these conditions (Supplementary File pp. 2–

3).22 The variable indicated 1 if the participants had ever

had the condition and 0 if otherwise. Their previous

reports were carried forward to the subsequent waves, and

they were asked about updates from the last interview. If

participants later disputed reports from previous waves,

they were corrected retrospectively.

We also investigated six CVD risk factors, namely hy-

pertension, diabetes, obesity, physical inactivity, smoking

and binge drinking, although the data on health behaviours

were not collected in some countries (Supplementary File

page 3). We hypothesied that reduced unhealthy behav-

iours (i.e. physical inactivity, smoking and binge drinking)

would prevent hypertension, diabetes and obesity and re-

sult in a decreased occurrence of heart disease and stroke.

Diagnosed health conditions of hypertension and diabetes

were asked in the same manner as heart disease and stroke.

Obesity was defined as a body mass index of 30 kg/m2 or

higher.23 We considered those who engaged in vigorous or

moderate physical activity less than once per week as phys-

ically inactive individuals. Smoking status indicated

whether the participants were currently smoking. Binge

drinking was defined as consuming five or more drinks per

day for men and four or more for women.24 All variables

were coded as binary.

Retirement status

Retirement status was determined based on the harmonized

variable of self-reported labour force status (Supplementary

File pages 4–5).25 We considered individuals who mentioned

retirement in an interview as retirees, irrespective of whether

they were currently working (i.e. including those ‘partly re-

tired’), and compared them with workers (Supplementary

Table S1, available as Supplementary data at IJE online), as

in the previous literature.9–11 There is a narrower definition

of retirement, which refers to the complete exit from the la-

bour market.10,12,16 Hence, considering this alternative defi-

nition, we determined individuals who declared being retired

but were currently working by combining the variables of la-

bour force status and engagement in paid work; subse-

quently, we excluded these individuals in a sensitivity

analysis.

Instrumental variables

We used the SPA as an IV for retirement to eliminate the

potential healthy worker survivor effect. In some countries,

early pension is available with reduced benefits or suffi-

cient years of social security contributions. Thus, we used

the early retirement age (ERA) and official retirement age

(ORA) as joint instruments to predict retirement, as in a

Harmonised for only one wave:
TILDA, LASI, and MARS

- Age <50 or >70 (obs.=363 609)
- Rural residents in China (obs.=39 682)
- Not working other than retirement
(obs.=118 100)
- Missing in explanatory variables and
analysis weights (obs.=355)
- Single observation (obs.=54 381)

Missing or single observation in
outcomes

Gateway to Global Aging Data

973 031 obs. of 276 928 individuals from
SHARE (w1, 2, 4–8), ELSA (w1–9),

CRELES (w1–5), MHAS (w1–5),
HRS (w1–14), CHARLS (w1–4),

JSTAR (w1–3), and KLoSA (w1–7)

Analytic Sample

396 904 obs. from 106 927 individuals
in 35 countries

Figure 1 A flowchart of the analytical sample. Obs., observations;

SHARE, Survey of Health, Ageing and Retirement in Europe; ELSA,

English Longitudinal Study on Ageing; CRELES, Costa Rican Longevity

and Healthy Aging Study; MHAS, Mexican Health and Aging Study;

HRS, Health and Retirement Study; CHARLS, China Health and

Retirement Longitudinal Study; JSTAR, Japanese Study of Aging and

Retirement; KLoSA, Korean Longitudinal Study of Aging; TILDA, the

Irish Longitudinal Study on Ageing; LASI, Longitudinal Aging Study in

India; MARS, Malaysia Ageing and Retirement Study
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previous study.12 A dummy variable of ERA indicated

whether the participants had attained the earliest age at

which individuals are entitled to reduced pensions or full

pensions with some conditions. That of ORA indicated

whether the participants had attained the age at which

individuals are entitled to minimum guaranteed pensions

or full pensions without any conditions. For countries

without early pension, the ERA variable was set to zero for

all participants. For each country, we collected the data on

ERA, ORA and their changes during the study period

(Supplementary Table S2, available as Supplementary data

at IJE online).

Statistical analyses

We investigated the association of retirement with CVD

and risk factors using linear probability models estimated

by the fixed-effects instrumental variable (FEIV) method

with the two-stage least squares procedure (Supplementary

File page 9). The FEIV model has several advantages with

respect to pooling data from different countries and esti-

mating the potential causal retirement effect on outcomes.

We included FEs of individuals and countries in the model,

which controlled for both observable and unobservable

time-invariant factors such as genes and educational at-

tainment as well as institutional and cultural differences

across countries. To account for time-variant factors, we

adjusted for individuals’ centred age, its squared term and

marital status. Additionally, we included year FE and its

interaction with country FE to capture global and country-

specific time trends. To eliminate the healthy worker survi-

vor effect, we applied the IV method using the ERA and

ORA as instruments for retirement; at the first stage esti-

mation, the retirement probability was predicted by the

ERA, ORA and their interactions with age and age

squared, as in a previous study,26 along with other time-

variant variables. We compared the FEIV estimates with

those of FE models without IVs.

We also assessed heterogeneity across several sub-

groups. First, we checked heterogeneity across countries

using I2 statistics as an analogy to meta-analysis.27

Additionally, the test of interaction was performed across

region [i.e. Europe (including Israel), America (Costa Rica,

Mexico, and the USA)] and Asia [China, Japan, and South

Korea]) and income level (i.e. high-income countries and

low-middle-income countries (Bulgaria, Romania, Costa

Rica, Mexico and China)]. Second, we examined sex dif-

ferences because the SPA, employment environment and

CVD risks differ by sex.28 Third, we stratified participants

according to educational attainment because previous

studies reported that people with higher education levels

tend to present more evident association between

retirement and an increase in physical activity.6,7,10

Fourth, we stratified the participants based on whether

they had experienced physical labour or not, because previ-

ous studies showed that retirement from physically de-

manding jobs was associated with increased obesity and

decreased physical activity.29,30

In all analyses, individual-cluster robust standard errors

were estimated. All analyses were performed using Stata

version 17.0 (StataCorp, College Station, TX, USA),

except for multiple imputation in sensitivity analysis.

Sensitivity analyses

First, considering the alternative definition of retirement

(i.e. fully retired), we excluded from our analysis those

who reported being retired but were still working (i.e.

partly retired). Second, we narrowed the age window to

52–68 years to check the robustness of findings. Third, we

excluded countries in which the IV appeared to be weakly

correlated with retirement (i.e. F statistic was below the

Stock-Yogo’s critical value of 10% maximal relative

bias).31 Fourth, given that 24.1% of the pooled sample

came from the USA, we excluded data from the HRS and

checked the robustness of findings. Fifth, to reduce poten-

tial bias from missing observations, we adopted multiple

imputation32 using R 4.2.2 (R Foundation for Statistical

Computing, Vienna, Austria). Sixth, given that outcomes

were binary, we also performed FEIV Poisson regressions

using the control function approach.33 Seventh, we ex-

cluded those who retired within 2 years from analysis to re-

duce the healthy worker survivor effect in another way.

Finally, as the retirement effect on CVD has been suggested

by previous studies to be time-varying,17,34 we examined

the short- and long-term retirement effects. Each group of

retirees who retired within 5 years and who retired over 5

years ago was compared with those who were working.

Results

A total of 106 927 individuals were followed up for a

mean period of 6.7 years (Table 1). Some participants

failed to be followed up. Nonetheless, we confirmed that

there was no difference in characteristics between individu-

als who were followed up and those who were lost to

follow-up, except for age; those who were lost to follow-

up were older by 0.84 years than those who were followed

up (Supplementary Table S3, available as Supplementary

data at IJE online). Table 2 presents the descriptive statis-

tics by labour force status for 396 904 observations from

106 927 individuals, which consisted of 217 166 (54.7%)

with working status and 179 738 (45.3%) with retired sta-

tus. Supplementary Figures S1 and S2 (available as

1050 International Journal of Epidemiology, 2023, Vol. 52, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/52/4/1047/7157039 by Library,Faculty of Agriculture/G

raduate School of Agriculture,Kyoto U
niversity user on 04 August 2023

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp

https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyad058#supplementary-data


Table 1 Cohort characteristics of the surveys

Survey Country Interview years No. of unique

individuals

Mean follow-up

period (years)

Mean no. of

interviews

% of men

SHARE Austria 2004, 2006, 2011, 2013, 2015, 2017,

2019

2877 5.4 3.3 46.2

Belgium 2004, 2006, 2011, 2013, 2015, 2017,

2019

4118 5.7 3.3 51.8

Bulgaria 2017, 2019 377 2.0 2.0 43.0

Croatia 2015, 2017, 2019 1119 2.8 2.4 49.5

Cyprus 2017, 2019 124 2.0 2.0 42.7

Czech Republic 2006, 2011, 2013, 2015, 2017, 2019 3827 5.8 3.4 41.4

Denmark 2004, 2006, 2011, 2013, 2015, 2017,

2019

3031 6.6 3.5 48.2

ELSA England 2002, 2004, 2006, 2008, 2010, 2012,

2014, 2016, 2018

9895 7.7 4.5 47.6

SHARE Estonia 2011, 2013, 2015, 2017, 2019 3662 4.8 3.2 42.3

Finland 2017, 2019 550 2.0 2.0 47.3

France 2004, 2006, 2011, 2013, 2015, 2017,

2019

3540 6.4 3.4 47.1

Germany 2004, 2006, 2011, 2013, 2015, 2017,

2019

3437 5.3 3.2 49.7

Greece 2004, 2006, 2015, 2017, 2019 2187 6.5 2.7 60.5

Hungary 2011, 2017, 2019 788 6.4 2.3 41.1

Israel 2004, 2006, 2013, 2015, 2017, 2019 1447 8.2 3.3 46.9

Italy 2004, 2006, 2011, 2013, 2015, 2017,

2019

3026 5.9 3.2 56.1

Latvia 2017, 2019 303 2.0 2.0 41.6

Lithuania 2017, 2019 528 2.0 2.0 37.1

Luxembourg 2013, 2015, 2017, 2019 841 3.9 2.8 54.5

Malta 2017, 2019 239 2.0 2.0 72.8

Netherlands 2004, 2006, 2011, 2013, 2019 1862 6.4 2.7 55.6

Poland 2006, 2011, 2015, 2017, 2019 1700 5.6 2.7 41.4

Portugal 2011, 2015, 2017 761 4.6 2.3 50.5

Romania 2017, 2019 560 2.0 2.0 45.5

Slovakia 2017, 2019 665 2.0 2.0 47.7

Slovenia 2011, 2013, 2015, 2017, 2019 2531 4.5 3.1 44.6

Spain 2004, 2006, 2011, 2013, 2015, 2017,

2019

2731 5.3 3.0 59.6

Sweden 2004, 2006, 2011, 2013, 2015, 2017,

2019

3151 6.2 3.2 45.1

Switzerland 2004, 2006, 2011, 2013, 2015, 2017,

2019

2178 6.4 3.6 48.8

CRELES Costa Rica 2005, 2007, 2009, 2010, 2012 1244 2.3 2.1 76.9

MHAS Mexico 2001, 2003, 2012, 2015, 2018 8148 6.8 2.7 66.7

HRS USA 1992, 1994, 1996, 1998, 2000, 2002,

2004, 2006, 2008, 2010, 2012, 2014,

2016, 2018

25 753 9.2 5.2 46.9

CHARLS China 2011, 2013, 2015, 2018 2819 4.8 2.9 54.1

JSTAR Japan 2007, 2009, 2011 1775 3.0 2.5 64.8

KLoSA South Korea 2006, 2008, 2010, 2012, 2014, 2016,

2018

5133 7.0 4.2 53.1

Overall 106 927 6.7 3.7 50.5

SHARE, Survey of Health, Ageing and Retirement in Europe; ELSA, English Longitudinal Study on Ageing; CRELES, Costa Rican Longevity and Healthy

Aging Study; MHAS, Mexican Health and Aging Study; HRS, Health and Retirement Study; CHARLS, China Health and Retirement Longitudinal Study;

JSTAR, Japanese Study of Aging and Retirement; KLoSA, Korean Longitudinal Study of Aging.
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Supplementary data at IJE online) shows a graph depicting

age and the corresponding retirement rate by country;

changes in the retirement rate around the SPA were

observed.

Before pooling data from different countries, we

checked heterogeneity across countries. Country-by-

country analyses using FEIV models indicated moderate

heterogeneity in hypertension (I2 statistic¼ 52.6%), diabe-

tes (34.7%) and smoking (41.4%) (Supplementary Figures

S3–S10, available as Supplementary data at IJE online).

After adjusting for country FEs, the test of interaction did

not indicate signs of heterogeneity except for hypertension

among Asian countries (Supplementary Table S4, available

as Supplementary data at IJE online) and low-middle-

income countries (Supplementary Table S5, available as

Supplementary data at IJE online). Thus, it should be

noted that the association between retirement and hyper-

tension could be heterogeneous across countries, whereas

other outcomes appeared to be homogeneous.

Figure 2 and Supplementary Table S6 (available as

Supplementary data at IJE online) present the results of the

FE and FEIV models using pooled data. F statistics35 indi-

cated that our IVs were strongly correlated with retire-

ment, and the over-identification tests36 showed that the

instruments of ERA and ORA were uncorrelated with

residuals (Supplementary Table S6). In FE models without

IVs, retirement was associated with an increased heart dis-

ease risk [coefficient¼ 0.007 (95% CI: 0.004 to 0.010)],

stroke [0.005 (0.003 to 0.006)], hypertension [0.009

(0.006 to 0.013)] and diabetes [0.005 (0.002 to 0.007)]. In

contrast, the FEIV models showed a 2.2%-point decrease

in the heart disease risk [-0.022 (-0.031 to -0.012)] as well

as a 3.0%-point decrease in physical inactivity [-0.030

(-0.049 to -0.010)] among retirees, compared with work-

ers. Readers concerned about multiple testing can interpret

P-values using a Bonferroni correction (a ¼ 0.05/8

outcomes¼ 0.006).

In subgroup analyses, we found some heterogeneous

associations of retirement with CVD and risk factors.

Figure 3 and Supplementary Table S7 (available as

Supplementary data at IJE online) present the results of

subgroup analyses by sex using the FEIV. In both sexes, re-

tirement was associated with a decreased heart disease

risk. Among women it was also associated with a 1.9%-

point decrease in smoking [-0.019 (-0.034 to -0.004)]. In

Figure 4 and Supplementary Table S8 (available as

Supplementary data at IJE online), people with high educa-

tional levels showed the associations between retirement

and decreased risks of stroke [-0.014 (-0.028 to -0.001)],

obesity [-0.029 (-0.057 to -0.001)] and physical inactivity

[-0.045 (-0.080 to -0.011)]. Figure 5 and Supplementary

Table S9 (available as Supplementary data at IJE online)

show that people retired from non-physical labour

exhibited reduced risks of heart disease [-0.031 (-0.050 to

-0.013)], obesity [-0.031 (-0.056 to -0.007)] and physical

inactivity [-0.048 (-0.082 to -0.013)] compared with those

Table 2 Descriptive statistics of observations by labour force

status (396 904 observations from 106 927 individuals)

Variables, obs. (%) Labour force status

Working

(obs. ¼ 217 166)

Retired

(obs. ¼ 179 738)

Age, years, mean (SD) 57.9 (4.7) 64.2 (4.3)

Men 113 377 (52.2) 83 958 (46.7)

Married 173 581 (79.9) 136 461 (75.9)

Education

Low 50 673 (23.3) 53 159 (29.6)

Middle 93 304 (43.0) 83 463 (46.4)

High 55 364 (25.5) 35 754 (19.9)

Missing 17 825 (8.2) 7362 (4.1)

Job type

Physical labour 104 359 (48.1) 39 952 (22.2)

Non-physical labour 77 364 (35.6) 37 235 (20.7)

Missing 35 443 (16.3) 102 551 (57.1)

Heart disease

Ever had 16 158 (7.4) 31 688 (17.6)

Never 200 363 (92.3) 147 743 (82.2)

Missing or single observation 645 (0.3) 307 (0.2)

Stroke

Ever had 3632 (1.7) 10 814 (6.0)

Never 212 884 (98.0) 168 607 (93.8)

Missing or single observation 650 (0.3) 317 (0.2)

Hypertension

Ever had 73 349 (33.8) 89 924 (50.0)

Never 143 151 (65.9) 89 550 (49.8)

Missing or single observation 666 (0.3) 264 (0.2)

Diabetes

Ever had 22 359 (10.3) 31 643 (17.6)

Never 194 099 (89.4) 147 756 (82.2)

Missing or single observation 708 (0.3) 339 (0.2)

Obesity

BMI �30 44 184 (20.4) 44 339 (24.7)

BMI <30 147 527 (67.9) 115 958 (64.5)

Missing or single observation 25 455 (11.7) 19 441 (10.8)

Physical inactivity

<1 per week 26 627 (12.3) 25 492 (14.2)

�1 per week 116 137 (53.5) 104 568 (58.2)

Missing or single observation 74 402 (34.3) 49 678 (27.6)

Smoking

Currently smoking 37 588 (17.3) 25 688 (14.3)

Not smoking 146 405 (67.4) 114 838 (63.9)

Missing or single observation 33 173 (15.3) 39 212 (21.8)

Binge drinking

�4/5 drinks per day 14 271 (6.6) 6449 (3.6)

<4/5 drinks per day 124 079 (57.1) 97 412 (54.2)

Missing or single observation 78 816 (36.3) 75 877 (42.2)

Obs, observations; SD, standard deviation; BMI, body mass index.
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Figure 2 The association of retirement with cardiovascular diseases and risk factors. FE, fixed effects; FEIV, fixed-effects instrumental variable; obs,

observations; oecf, coefficient; CI, confidence interval; physic inact, physical inactivity. All models were adjusted for age, age squared, marital status

and fixed-effects of individuals, countries and years. The number of observations varied across outcomes due to missing values in outcomes
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Figure 3 Subgroup analysis by sex for the association of retirement with cardiovascular diseases and risk factors. Obs, observations; coef, coefficient;

CI, confidence interval; physic inact, physical inactivity. All models were adjusted for age, age squared, marital status and fixed-effects of individuals,

countries and years. The number of observations varied across outcomes due to missing values in outcomes
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Figure 4 Subgroup analysis by education for the association of retirement with cardiovascular diseases and risk factors. Obs, observations; oef, coef-

ficient; CI, confidence interval; physic inact, physical inactivity; low, less than upper secondary education; middle, upper secondary and vocational

training; high, tertiary education. All models were adjusted for age, age squared, marital status and fixed-effects of individuals, countries and years.

The number of observations varied across outcomes due to missing values in outcomes
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Figure 5 Subgroup analysis by job type for the association of retirement with cardiovascular diseases and risk factors. Obs, observations; coef, coeffi-

cient; CI, confidence interval; physic Iinact, physical inactivity. All models were adjusted for age, age squared, marital status and fixed-effects of indi-

viduals, countries and years. The number of observations varied across outcomes due to missing values in outcomes
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continuing non-physical labour. In contrast, those retired

from physical labour indicated increased risk of obesity

[0.025 (0.002 to 0.048)] compared with those engaging in

physical labour.

Sensitivity analyses

First, we excluded the partly retired individuals and exam-

ined the association between full retirement and outcomes;

the point estimates were similar to our main results though

broader CIs were indicated in physical inactivity

(Supplementary Table S10, available as Supplementary

data at IJE online). Second, restricting the participants to

those aged 52–68 years revealed similar associations of re-

tirement with decreased heart disease risks and physical in-

activity, whereas it showed amplified associations with

decreased risks of diabetes, compared with the main results

(Supplementary Table S11, available as Supplementary

data at IJE online). Third, we excluded data from Greece,

Latvia, Malta, Portugal, Romania, Costa Rica, Japan and

South Korea, in which the IVs appeared to be weak. The

exclusion of these countries did not make a considerable

difference to the results (Supplementary Table S12, avail-

able as Supplementary data at IJE online). Fourth, exclud-

ing data from the USA did not affect the results

(Supplementary Table S13, available as Supplementary

data at IJE online). Fifth, analysis using an imputed dataset

showed similar results (Supplementary Table S14, avail-

able as Supplementary data at IJE online). Sixth, FEIV

Poisson models indicated consistent results with linear

probability models [heart disease: risk ratio¼ 0.89 (0.81 to

0.98); physical inactivity: 0.87 (0.77 to 0.97)]

(Supplementary Table S15, available as Supplementary

data at IJE online). Seventh, we found consistent results

even after excluding those who retired within 2 years

(Supplementary Table S16, available as Supplementary

data at IJE online). Finally, people who retired over 5 years

ago exhibited larger reductions in heart disease risks and

physical inactivity, whereas those who retired within 5

years presented a clearer reduction in stroke, compared

with their counterparts (Supplementary Figure S11, avail-

able as Supplementary data at IJE online).

Discussion

In this multicountry longitudinal study, we examined the

association of retirement with CVD and its associated risk

factors, using the IV method. The FE models without IVs

showed an increased CVD risk among retirees and sug-

gested that sicker workers retired earlier. In contrast, the

FEIV models using the SPA as an IV showed the associa-

tion of retirement with a decreased heart disease risk for

the first time. These discrepancies in estimates between the

FE and the FEIV models suggest the presence of the healthy

worker survivor effect in previous research which showed

the detrimental association of retirement on CVD risks.3

Our study provides updated results and highlights the im-

portance of reconsidering the possible beneficial retirement

effects on cardiovascular health. Our FEIV models also

presented decreased physical inactivity after retirement,

consistent with previous findings.9–14 Physical activity may

contribute to the decreased risk of heart disease among

retirees.

The subgroup analyses revealed heterogeneous associa-

tions between retirement and risk factors. We found de-

creased smoking among women but not among men after

retirement. Gender differences in workplace stress37 and

post-retirement social networks38 might be correlated with

cigarette consumption. Association between retirement

and reduced obesity and physical inactivity among people

with high educational levels was shown. They may be

aware of their health and able to invest in health-

promoting activities such as exercise and healthy eating af-

ter retirement. Although the analysis was limited to those

who had working experience during the study period, peo-

ple retired from non-physical labour exhibited reduced

obesity and physical inactivity, whereas those retired from

physical labour indicated increased obesity risk, in line

with previous studies.29,30 Retirement provides time to un-

dertake physical activity for those who engaged in seden-

tary jobs, whereas those who engaged in physical labour

lose financial incentives for being physically active after re-

tirement and may gain weight unless they continue exercis-

ing to the same extent as before. As a previous study

suggested,12 these differences in post-retirement health

behaviours may be attributable to the differentiated CVD

outcomes, specifically a reduced risk of stroke among

highly educated people and heart disease among retirees

from non-physical labour.

This study has several limitations. First, we could not

determine the mechanism underlying the reduced CVD

risk after retirement. Our analyses suggested that trends in

the CVD incidence and its risk factors were consistent;

however, they were not conclusive because risk factor out-

comes were only available in limited countries. Moreover,

other important health behaviours (e.g. sleep duration, die-

tand adherence to medication) were also not available in

the harmonized datasets. We assumed that hypertension,

diabetes and obesity are on the pathway between retire-

ment and CVD, but did not find clear patterns between re-

tirement and these outcomes. Unobserved factors may

have offset the beneficial effect of retirement on them,

though the net effect of retirement on heart disease

appeared to be protective. Further studies are required to
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confirm the mechanism. Second, although harmonization

across different surveys was performed by specialists in the

field,19,22,25 some differences remained. Although these

inconsistencies may induce bias in the estimates, some part

of the potential bias could be reduced by adding the FEs of

countries. Third, both retirement status and outcomes

were self-reported and subject to measurement errors.

Nevertheless, the direct question of retirement status is

face-valid and reflects individuals’ recognition of retire-

ment. Such recognition plays an important role in adjust-

ing post-retirement health behaviours.12 Moreover, a

previous study using data from the HRS showed that self-

reporting of stroke has acceptable validity.39 If the reports

of diagnosed health conditions were missed, it would tend

to bias associations towards the null.

Conclusion

This novel study suggests that retirement was associated

with a decreased heart disease risk on average. Some asso-

ciations of retirement with CVD and risk factors appeared

heterogeneous by individual characteristics. Policy makers

need to consider the benefits of raising SPA and allowing

older people to continue working versus the costs from the

potential risk of expensive medical conditions such as

CVD.
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