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194422 0.036 0.186 0 1
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0.002 0.003 0.004 0.007
95047 54130 30710 14627
15731 12585 6818 3940
-0.028 *** -0.018 -0.008 -0.001
0.004 0.006 0.010 0.014
30557 16146 9234 3650
5525 4249 2843 1062
-0.013 *** -0.011 -0.020 *** -0.014
0.002 0.003 0.005 0.007
93058 54665 50940 22790
14503 12319 12727 7353
-0.018 *** -0.020 -0.018 *** -0.011
0.004 0.006 0.005 0.007
30420 18091 49281 21061
4645 4001 12937 6726
-0.014 *** -0.011 -0.013 0.031
0.004 0.005 0.013 0.017
30931 19406 4821 912
4481 3894 2390 386
-0.004 0.009 -0.002 -0.004
0.018 0.021 0.003 0.006
1748 1105 45349 18364
253 221 13300 5965
Linear Clustering

robust standard errors Dymanic

**k*k k%

*

1
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Model Linear FE Dynamic FE Model Linear FE Dynamic FE
-0.003 -0.005 -0.004 -0.003
0.002 0.003 0.002 0.003
40587 18309 60140 24949
10999 7847 17705 11078
0.000 -0.001 -0.006 ** -0.006
0.002 0.003 0.003 0.006
39065 16027 13323 4873
11656 7368 4472 2234
-0.005 -0.008 0.000 0.017
0.003 0.006 0.006 0.011
11570 4303 4010 1343
3782 2059 1521 607
-0.001 -0.003 -0.002 -0.008
0.002 0.003 0.003 0.005
39389 16889 15824 5133
11311 7539 5941 2593
0.003 0.005 -0.003 0.000
0.003 0.004 0.003 0.005
13078 5581 24742 8166
3737 2485 9011 4063
-0.005 * -0.006 -0.007 -0.005
0.003 0.005 0.011 0.009
13939 6671 2190 353
3616 2753 1252 199
-0.022 -0.051 0.001 -0.002
0.011 0.020 0.003 0.005
794 391 19814 5418
197 154 8746 2977
Linear Clustering

robust standard errors Dymanic

*k*k k% * 1
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Model Linear FE Dynamic FE Model Linear FE Dynamic FE
-0.003 -0.004 -0.003 -0.003
0.001 0.001 0.001 0.001
95228 58595 148715 83616
15016 12469 26759 20206
-0.003 *** -0.002 -0.004 *** -0.003
0.001 0.001 0.001 0.002
97972 59387 31383 15489
15845 13187 6896 4111
-0.005 *** -0.004 0.000 0.003
0.001 0.002 0.003 0.003
31272 17340 9467 3860
5564 4527 2888 1095
-0.003 *** -0.004 -0.002 0.000
0.001 0.001 0.001 0.002
95369 58805 52311 24480
14570 12776 12846 7805
-0.003 ** 0.000 -0.005 *** -0.003
0.001 0.001 0.001 0.002
31145 19467 50121 22201
4666 4137 13019 6979
-0.002 ** -0.004 -0.006 * 0.000
0.001 0.001 0.003 0.007
31695 20756 4955 983
4495 4005 2427 403
-0.001 0.006 0.002 -0.002
0.004 0.006 0.001 0.001

1794 1183 46739 20232
254 228 13446 6295
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
**kx ** * 1 5 10
2
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0.142
0.449
0.359
0.163

O O O O O o o o o o

N = = e = T = =N S )|

37



Linear FE Dynamic FE Linear FE Dynamic FE
-0.022 **=* -0.020 *** -0.027 *** -0.024 ***
0.002 0.003 0.002 0.004
199280 124395 189958 105085
31420 26221 31063 24562
-0.007 *** -0.006 *** -0.009 *** -0.007 ***
0.001 0.001 0.001 0.001
194448 117397 185445 99715
31280 25728 30919 24043
-0.001 *** 0.000 -0.001 *** -0.001 *
0.000 0.000 0.000 0.000
195414 120200 186231 101713
31146 25571 30779 23905
-0.003 *** -0.001 * -0.003 *** -0.002 **
0.000 0.001 0.001 0.001
195414 120200 186231 101713
31146 25571 30779 23905
0.000 0.000 -0.001 0.000
0.001 0.001 0.001 0.001
180044 97047 171453 81910
31053 23006 30680 21243
-0.001 0.000 -0.001 ** 0.000
0.000 0.001 0.001 0.001
179818 96713 171231 81623
31054 22976 30681 21212
-0.002 **=* -0.001 -0.002 **=* -0.001 **
0.000 0.000 0.000 0.001
179547 96313 170992 81348
31049 22956 30676 21205
-0.001 -0.002 * -0.001 -0.003 **
0.001 0.001 0.001 0.001
180278 97503 171672 82277
31054 23032 30681 21280
0.001 0.000 0.002 ** 0.000
0.001 0.001 0.001 0.001
179805 96752 171226 81677
31051 22978 30678 21233
-0.004 *** -0.004 *** -0.005 *** -0.005 ***
0.000 0.001 0.001 0.001
179394 96002 170845 81077
31051 22933 30678 21179
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
*kk k% * 1 5 10

2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
-0.023 *** -0.020 *** -0.016 *** -0.017 ***

0.003 0.004 0.003 0.004

96666 60660 151451 87246

15019 12506 26775 20351

-0.019 *** -0.017 *** -0.012 ** -0.010

0.003 0.004 0.005 0.008

100264 62590 32157 16424

15863 13276 6913 4196

-0.037 *** -0.041 *** -0.020 * -0.008

0.005 0.007 0.012 0.016

32464 18865 9538 3895

5574 4585 2899 1109
-0.020 *** -0.019 *** -0.014 ** -0.018 **

0.003 0.004 0.006 0.008

97032 61239 52725 24912

14584 12811 12867 7805

-0.021 *** -0.015 ** -0.024 *** -0.013

0.005 0.007 0.006 0.009

31780 20375 51459 23641

4668 4166 13091 7189

-0.012 ** -0.007 -0.007 * -0.010

0.005 0.007 0.004 0.007

31884 21041 47735 21084

4498 4006 13571 6422

Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
ok k * 1 5 10
2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
-0.009 *** -0.007 *** -0.006 *** -0.005 ***
0.001 0.001 0.001 0.001
94588 57637 147767 82381
14946 12293 26620 19892
-0.006 *** -0.003 * -0.007 *** -0.006 **
0.001 0.002 0.002 0.003
97557 58649 31118 15238
15798 13008 6853 4037
-0.009 *** -0.008 *** -0.002 0.004
0.002 0.003 0.004 0.004
31250 17289 9361 3763
5541 4406 2863 1084
-0.007 *** -0.006 *** -0.004 ** -0.002
0.001 0.001 0.002 0.003
94821 57958 51877 24094
14554 12611 12753 7678
-0.007 *** -0.001 -0.008 *** -0.006 *
0.002 0.003 0.002 0.004
31029 19182 50029 22077
4657 4097 12983 6914
-0.007 *** -0.007 *** -0.003 0.000
0.002 0.002 0.002 0.003
31395 20226 46618 20064
4490 3977 13410 6253
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
falaialial * 1 5 10
2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
-0.001 *** 0.000 0.000 0.000
0.000 0.000 0.000 0.000
94878 58736 148540 84509
14896 12204 26522 19765
-0.001 ** 0.000 0.000 0.000
0.000 0.000 0.001 0.001
98265 60396 31360 15700
15716 12953 6830 4028
-0.001 -0.001 * -0.002 -0.001
0.001 0.001 0.002 0.001
30844 17113 9433 3883
5482 4280 2844 1088
-0.001 *** -0.001 0.000 0.000
0.000 0.000 0.000 0.001
95490 59422 51831 24353
14527 12588 12711 7580
0.000 0.000 -0.001 * 0.000
0.001 0.001 0.001 0.001
31383 19933 50540 22959
4652 4092 12959 7005
-0.001 ** 0.000 0.000 0.000
0.001 0.000 0.000 0.000
31774 20946 46789 20367
4493 3983 13390 6280
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)

*kk k% * 1

2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
-0.003 *** -0.002 ** -0.002 *** -0.003 ***
0.001 0.001 0.001 0.001
94878 58736 148540 84509
14896 12204 26522 19765
-0.002 *** 0.000 -0.002 * -0.002
0.001 0.001 0.001 0.002
98265 60396 31360 15700
15716 12953 6830 4028
-0.003 *** -0.001 -0.005 * -0.004
0.001 0.002 0.003 0.004
30844 17113 9433 3883
5482 4280 2844 1088
-0.003 *** -0.001 -0.003 ** -0.004 **
0.001 0.001 0.001 0.002
95490 59422 51831 24353
14527 12588 12711 7580
-0.001 -0.001 -0.003 ** -0.005 **
0.001 0.002 0.001 0.002
31383 19933 50540 22959
4652 4092 12959 7005
-0.003 *** -0.002 0.000 0.002
0.001 0.002 0.001 0.002
31774 20946 46789 20367
4493 3983 13390 6280
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)

*kk k% * 1

2

10
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Model Linear FE Dynamic FE Linear FE Dynamic FE
0.000 0.001 0.000 0.001
0.001 0.001 0.001 0.001
89071 49851 137213 68959
14867 11265 26344 17621
0.000 -0.001 -0.003 * 0.001
0.001 0.001 0.001 0.002
88921 46377 28600 12388
15654 11400 6701 3462
0.000 0.002 0.001 -0.004
0.002 0.002 0.003 0.004
27406 12475 8923 3401
5429 3587 2779 993
0.000 0.000 0.001 0.000
0.001 0.001 0.001 0.002
87874 47834 48580 20481
14434 11356 12586 6688
-0.002 * -0.001 0.000 0.002
0.001 0.002 0.002 0.002
28721 15847 46276 18304
4624 3685 12702 6154
0.000 0.001 0.001 -0.002
0.001 0.002 0.001 0.001
30349 18556 42753 16066
4476 3795 13014 5414
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
Fkk ok * 1 5 10
2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
TabA2 0.000 0.000 -0.001 -0.001
0.001 0.001 0.001 0.001
88935 49630 137030 68689
14867 11248 26343 17597
0.000 0.000 -0.002 * -0.001
0.001 0.001 0.001 0.002
88835 46267 28566 12332
15655 11386 6701 3454
-0.002 -0.001 -0.003 -0.003
0.001 0.002 0.004 0.005
27369 12415 8913 3394
5429 3573 2779 992
0.000 0.000 0.003 ** 0.002
0.001 0.001 0.001 0.001
87761 47664 48517 20408
14435 11346 12581 6681
0.000 -0.001 -0.001 0.001
0.001 0.002 0.001 0.002
28682 15798 46205 18228
4624 3681 12698 6143
0.000 0.001 0.001 0.002
0.001 0.001 0.001 0.002
30317 18502 42711 16032
4476 3792 13011 5399
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)

*kk k%

*

2

1

5 10
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Model Linear FE Dynamic FE Linear FE Dynamic FE
-0.002 *** -0.001 -0.001 * 0.001
0.001 0.001 0.000 0.001
88762 49380 136820 68386
14865 11236 26339 17583
-0.001 *** -0.001 0.000 0.000
0.000 0.001 0.001 0.001
88741 46123 28506 12261
15652 11379 6698 3450
-0.004 *** -0.002 -0.002 0.001
0.001 0.001 0.002 0.001
27322 12356 8906 3374
5426 3571 2780 987
-0.001 *** -0.001 0.000 0.000
0.000 0.001 0.001 0.001
87617 47468 48456 20333
14435 11335 12578 6669
-0.002 ** 0.000 -0.001 0.000
0.001 0.002 0.001 0.001
28650 15739 46135 18156
4624 3679 12688 6137
-0.001 * 0.000 -0.001 -0.001
0.001 0.001 0.001 0.001
30278 18422 42650 15984
4475 3788 12998 5394
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)

*kk k% *

2

1

10
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Model Linear FE Dynamic FE Linear FE Dynamic FE

-0.001 -0.003 * -0.002 -0.002
0.001 0.002 0.001 0.002
89161 50027 137407 69234
14866 11279 26349 17642
0.000 -0.001 -0.005 ** -0.002
0.001 0.001 0.002 0.003
89068 46662 28635 12406
15656 11414 6705 3469
0.000 -0.005 0.004 -0.007
0.002 0.003 0.005 0.007
27443 12542 8938 3415

5429 3586 2780 996
0.000 -0.001 -0.001 -0.005
0.001 0.002 0.002 0.003
88025 48131 48625 20556
14437 11378 12589 6701
-0.001 -0.002 0.001 0.002
0.002 0.002 0.002 0.003
28737 15882 46367 18412

4625 3685 12707 6166
-0.001 -0.003 0.000 -0.001
0.002 0.002 0.002 0.002
30377 18610 42794 16150

4474 3799 13010 5419

Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
**%**% K% * 1 5 10

2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
0.000 0.000 -0.001 -0.001
0.001 0.002 0.001 0.002
88875 49579 137058 68733
14866 11241 26343 17601
0.002 0.000 -0.002 0.000
0.001 0.002 0.002 0.003
88881 46353 28547 12330
15653 11397 6704 3455
0.000 -0.002 -0.002 -0.012
0.002 0.003 0.005 0.009
27354 12397 8924 3400
5426 3574 2778 989
0.001 0.001 0.000 -0.001
0.001 0.002 0.002 0.004
87788 47749 48564 20463
14436 11350 12590 6693
0.000 -0.001 -0.001 0.001
0.002 0.003 0.002 0.003
28675 15790 46192 18215
4625 3683 12696 6137
0.003 0.000 0.002 0.000
0.002 0.003 0.002 0.003
30305 18495 42670 16020
4474 3788 12995 5402
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)
falaialial * 1 5 10
2
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Model Linear FE Dynamic FE Linear FE Dynamic FE
-0.004 *** -0.003 *** -0.003 *** -0.004 ***
0.001 0.001 0.001 0.001
88669 49179 136730 68196
14865 11225 26342 17563
-0.004 *** -0.005 *** -0.002 ** -0.003 *
0.001 0.001 0.001 0.001
88679 46009 28487 12234
15654 11367 6700 3448
-0.006 *** -0.006 *** -0.004 -0.007
0.001 0.002 0.004 0.005
27303 12323 8900 3366
5426 3561 2778 987
-0.004 *** -0.004 *** -0.003 ** -0.003 *
0.001 0.001 0.001 0.002
87550 47310 48397 20251
14435 11327 12580 6663
-0.005 *** -0.002 -0.005 *** -0.003 *
0.001 0.001 0.001 0.002
28613 15682 46126 18123
4625 3675 12695 6119
-0.004 *** -0.004 *** -0.001 -0.003 **
0.001 0.001 0.001 0.001
30246 18370 42587 15907
4475 3787 12995 5381
Linear Clustering
robust standard errors Dymanic Windmeijer(2005)

*kk k% * 1

2

10
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A3

A
Model 1 2

-44.026 *** 1.864

-39.756 *** 1.140

-26.108 *** -0.007

-23.079 *** -0.747

-28.925 *** 1.0014

-26.881 *** 0.735

**k*k *% * l 5 10
B
1 1
-31.294 *** 1.328 -19.857 *** 1.162 -20.357 ***  0.87151
-30.050 *** 1.096 -16.716 *** -1.434 -18.200 *** -0.876
-16.441 *** 0.074 -9.474 *** -0.390 -11.008 *** 0.461
-29.992 *** 2.044 ** -18.272 *** 1.221 -19.585 *** -0.963
-17.930 *** 1.609 -8.966 *** -0.868 -10.512 *** -0.076
-19.252 *** 0151 -11.875 *** -1.397 -10.033 *** 1.623
-3.935 ***  .0,062 -3.082 *** -0.003 -2.345 ** -0.772
-36.696 *** 2.440 ** -21.600 *** -0.169 -21.27 ***  0.33723
-16.360 *** 0.945 -9.017 *** 1.321 -8.665 *** -0.168
-6.5888 ***  1.0073 -3.713 *** -1.171 -4.615 *** 0.197
-17.528 ***  -0,0369 -8.774 *** -0.284 -10.599 *** 0.091
-18.686 ***  1.4344 11772 *xk -1.028 -8.474 *** 0.764
-3.8924 *** 1.411 -1.130 -0.331 2,621 *** 0.822
-16.906 ***  -1.2099 -9.409 *** -0.309 -11.729 *** 0.717
**kk ** * 1 5 10
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Takashi Oshio and Emiko Usui, “How does informal caregiving affect daughters’ employment and

mental health in Japan?” Journal of the Japanese and I nternational Economies, 2018, in press.

Abstract

We examine the association of informal caregiving with daughters’ employment and mental health in
Japan, using the 2008-2014 waves of the Longitudinal Survey of Middle-Aged and Older Adults, alarge
and nationally representative panel survey of middle-aged Japanese individuals. We find that caregiving
reduces the probability of employment by only 3.2 percent, after controlling for time-invariant

individual heterogeneity, and is not associated with either the hours or days worked per week by
working caregivers. We further observe that employment does not add to the psychological distress

already being experienced by the caregivers as aresult of their caregiving role.

1. Introduction

The use of female labor is currently a major policy challenge in Japan due to the declining prime
working-age population and the rapidly increasing elderly population, due to reduced fertility and
longevity of the elderly. Increasing the participation of women in the labor market is crucial for the
growth of Japan’s economy. However, Japan is a country in which approximately 70 percent of elderly
careis provided at home, mainly by women (Cabinet Office, 2015). Therefore, it is essential to
investigate whether and how informal caregiving by women might negatively affect their level of
employment.

Asdiscussed by Bauer and Sousa-Poza (2015) and Lilly et al. (2007), many previous studies
conducted in other advanced countries— mainly in the United States and Europe—have shown that the
effect of informal caregiving on employment isrelatively limited, even though caregiving and low levels
of employment are combinedly prevalent. However, the association between caregiving for elderly
parents and the female labor supply in Japan has not yet been fully investigated.

We use the 2008-2014 waves of the Longitudinal Survey of Middle-Aged and Older Adults, alarge
and nationally representative panel survey of middle-aged Japanese individuals. From the
cross-sectional dataset, we find a negative association between caregiving for elderly parents and
women’s labor supply at both the extensive margin (employment probability) and the intensive margin
(hours worked conditional on employment). However, after controlling for time-invariant individual
heterogeneity by fixed effects, we observe that informal caregiving reduces the probability of
employment only modestly—by 3.2 percent. Furthermore, working women do not reduce their hours or
days worked per week at the onset of caregiving for their elderly parents.

We further investigate how work affects the association between informal caregiving and caregivers’
mental health. It is well known that informal caregiving has an adverse impact on caregivers’ mental
health (Coe and Van Houtven, 2009; Hiel et a., 2015; Oshio, 2014; Pinquart and Sérensen, 2003).
However, whether employment exacerbates the adverse impact of caregiving has not been sufficiently
studied either within or outside Japan. We find that work neither increases nor decreases the adverse
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impact of caregiving on the mental health of caregivers.

Overall, our results suggest that informal caregiving does not appear to be a significant deterrent
to employment among middle-aged women in Japan. This may be because Japanese women tend to
work shorter hours and have limited responsibility at work; in many cases, they can participate in
informal caregiving without needing to significantly adjust their labor force participation. This
situation is consistent with our observation that employment does not add to the caregivers’
psychological distress.

The paper proceeds as follows. Section 2 reviews the literature on how providing informal
caregiving affects caretakers’ level of employment and their mental health. Section 3 provides
details about the data and descriptive statistics of the sample. Section 4 presents the main estimation
results, including the effect of informal caregiving on (1) employment; (2) hours of work conditional

on working; and (3) caregivers’ mental health. Section 5 concludes the paper.

2. Background

Many studies in the United States and Europe have examined the effect of informal caregiving on
employment. These studies have raised the possibility that the observed large negative association
between caregiving and employment may be biased for two reasons. The first reason is endogenous
selection into caregiving, as women with a weaker attachment to the labor market are more likely to take
on the caregiving role. To control for the potential endogeneity of caregiving, we applied the
instrumental variable (1V) approach. Previous studies have used measures of parental health, such as
health status and/or daily activities, as instruments for informal caregiving (Crespo and Mira, 2014;
Meng, 2012; Nguyen and Connelly, 2014; Van Houtven et al., 2013), as well as the number of the
woman’s siblings (Coe and Van Houtven, 2009). Second, researchers have been concerned that
time-invariant unobserved individual heterogeneity may be related to caregiving because caregivers may
differ in human capital investment or experience. To control for individual heterogeneity, previous
studies have used a fixed-effects (FE) approach (Leigh, 2010; Meng, 2012; Van Houtven et al., 2013).

Studies in the United States and European countries that have used these two approaches have
found a limited association between caregiving and women’s probability of working. These studies
have also found that caregiving is associated with a relatively moderate reduction in work hours
(Bolin et al., 2008; Lilly et al., 2010; Meng, 2012; Van Houtven et al., 2013). Therefore, studies
from the United States and European countries imply that caregivers may be able to adjust their
working hours and may not have to exit the labor force to care for elderly parents.

However, the link between informal caregiving and work has not been studied extensively in
Japan. Using repeated cross-sectional data from the Comprehensive Survey of Living Conditions
released by the Ministry of Health, Labour and Welfare, Sugawara and Nakamura (2014) show that
the presence of coresiding elderly parents who require care reduces the probability of coresiding,
middle-aged women continuing as regular workers. Using repeated cross-sectional data from the
Labor Force Survey and the Employment Status Survey, Kondo (2016) finds that the availability of
long-term care (LTC) facilities is not related to the labor force participation of middle-aged women.
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However, neither of these studies focuses directly on the way that caregivers’ employment decisions are
affected by caregiving activities because the data used in these two studies lack information on (i)
whether all of the elderly parents (namely, father, mother, father-in-law, and mother-in-law) are aive,
and (ii) whether middle-aged people who have living elderly parents actually provide them with care.

Two studies use panel datato control for individual heterogeneity in Japan. Shimizutani et al. (2008)
observe that the introduction of a public long-term care insurance (LTCI) scheme in 2000 increased the
probability of female caregivers being employed and increased the number of days per week and hours
per day worked by female caregivers (Tamiyaet a., 2011). In contrast, Fukahori et a. (2015) find that
the LTCI system does not mitigate the adverse impact on the employment of middle-aged individuas
who reside with an elderly person needing care. Because of these contrasting results regarding the
impact of informal caregiving on caregivers’ employment, this issue should be investigated using a large
and nationally representative sample in Japan.

Meanwhile, as mentioned above, a growing number of studies have demonstrated that informal
caregiving increases the psychological distress experienced by caretakers (Coe and Van Houtven, 2009;
Hidl et al., 2015; Oshio, 2014; Pinquart and Sorensen, 2003; Sugihara et al., 2004). However, these
studies have not examined the effects, if any, that working could have on caregivers’ mental health. One
might assume that caregivers would feel more stressed if they continue to work because of reduced
leisure and personal time. However, the multiple roles performed by people may just aslikely have
positive mental health outcomes (Adelmann, 1994; Moen et al., 1992). Particularly, participating in the
labor force has been shown to have a favorable impact on the mental health of middle-aged and elderly
individuals (Hao, 2008), and retirement tends to have a negative effect on one’s health (Kim and Moen,
2002). Hence, it is interesting to examine whether work adds to, or reduces, caregivers’ psychological
distress. Caregiving and continuing to work in the labor market may exacerbate psychological distress
due to a decrease in leisure time; however, the performance of multiple fulfilling roles may also reduce

psychological distress.

3. Data and descriptive satistics

3.1 Data
We use panel data from the Longitudinal Survey of Middle-Aged and Older Adults, conducted by the
Japanese Ministry of Health, Labour and Welfare. The survey began in early November 2005 with a
sample of 34,240 individuals aged 50 to 59 years, and these individuals have been surveyed every
November in subsequent years. The initial response rate of the survey was 83.8 percent, with a
subsequent attrition rate ranging from 1.2 percent to 9.8 percent. Because of the large sample size and
low attrition rate, as well as the availability of information on (i) parent(s) or parent(s)-in-law who are
still living; (ii) care needs of those alive; and (iii) which of those elderly parents are being cared for by
the respondent, this survey is one of the most effective ways to study the association between informal
caregiving and the employment and mental health of middle-aged women in Japan.

We focus on women, who are usually considered reliable resources for providing informal care for
elderly parents, especially in Japan. Japanese women often face a situation of having to decide whether
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to (i) provide care for their elderly parents while continuing to participate in the labor market or (ii)
stop doing one in order to focus on the other. We restrict our sample to female respondents between
the ages of 50 and 59 who have at least one living parent or parent-in-law. We exclude women over
age 60 from our sample, considering that their work decisions are likely to be affected by pension
and retirement policies: workers in Japan can claim pensions starting at age 60, and the mandatory
retirement age is often between the ages of 60 and 65.* We also limit our sample to the years
2008-2014 because the data from the earlier waves—between 2005 and 2007— do not include
information on the family member(s) requiring care. We are left with atotal of 21,788 observations
for the 7,415 female respondentsin the sample.

Regarding employment, the respondents are asked whether they have a paid job. The indicator
variable for employment is defined as 1 if the respondent has a paid job and 0 otherwise. Those who
have apaid job are then asked about (i) their average hours worked per week and (ii) their average
days worked per week during October— the most recent month because the survey is conducted in
early November—of the survey year. Regarding informal caregiving, the survey asks whether the
respondents provide care to their immediate family (including father, mother, father-in-law, and
mother-in-law), and if they do so, the family member(s) who receive care. We consider a respondent
aninformal caregiver if she caresfor at least one of her parent(s) or parent(s)-in-law or both.

Asinstrumental variables for the caregiving decision, we use four indicator variables for the
demand for care for the father, mother, father-in-law, and mother-in-law. “Care” in this survey means
all activities, such asformal, informal, and at-home or institutionalized care, although these are not
specified in detail in the questionnaire given to the respondents. The elderly parent’s need for care is
negatively related to how healthy that parent is, and this is likely to affect the respondent’s
involvement ininformal caregiving in alargely exogenous way.

We also consider the respondents’ mental health problems using the Kessler Screening Scale for
Psychological Distress (K6). K6 score is a standardized and validated measure of nonspecific
psychological distress (Kessler et al., 2002, 2010). The K6 contains six questions that ask whether
the following feelings have been experienced in the past 30 days: (&) nervousness; (b) hopelessness;
(c) restlessness or fidgeting; (d) depression; (€) feeling that everything was an effort; and (f)
worthlessness. These items are rated on a five-point scale, ranging from 0 (none of the time) to 4 (all
of the time). The items are summed to provide a score that ranges from O to 24. The reliability and
validity of thistool have been demonstrated for a Japanese sample (Furukawa et al., 2008; Sakurai et
al., 2011). Higher K6 scores indicate higher levels of psychological distress in the respondent.

3.2 Descriptive Satistics

Table 1 provides summary statistics of the key variables by caregiving status using the pooled sample of
the 2008-2014 waves. Among women who have at least one living parent or parent-in-law or both, 18.0
percent (= 3,914/21,788) provide informal care to at least one parent or parent-in-law. When caregivers
and non-caregivers are compared, caregivers tend to have somewhat poorer health and fewer children

1 The results remain largely unchanged even if we include women aged 60 years or above.
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younger than 18 years old.

We then compare whether the employment and mental health variables differ by caregiving statusin
the upper panel of Table 2. The proportion of caregivers who have paid jobsis 68.8 percent, whichis 6.8
percentage points lower than that among non-caregivers. Caregivers who have paid jobs work an
average of 31.6 hours per week and 4.7 days per week—both values being somewhat 1ess than those
among non-caregivers (33.4 hours and 4.8 days). Meanwhile, the average K6 score was more among
caregivers (4.74) than non-caregivers (3.53).

The lower panel of Table 2 shows the relationship between care demand and the prevalence of actual
caregiving for each of the parents and parents-in-law. Having parent (s) or parent (s)-in-law who need
careis positively related to the daughter or daughter-in-law becoming a caregiver. However, it should be
noted that this relationship is not one-to-one; among non-caregivers, 4.5, 10.4, 3.1, and 10.6 percent
have a father, mother, father-in-law, and mother-in-law, respectively, who requires care. This finding
implies that caregiving is provided not only by women but also by other family members and
institutions.

4. Egtimation Results

4.1 Caregiving and wor k on the extensive mar gin: employment probability

We estimate a linear probability model in which the dependent variable is the indicator of having a paid
job. The independent variables include an indicator of providing care to at least one parent or
parent-in-law, in addition to a set of control variables. In line with the literature, the control variables
consist of the woman’s age and its square, self-assessed health, physical functional limitations, education,
marital status, the number of children, whether the respondent is living with children younger than 18
years old, whether the household has a home mortgage, and survey years.

First, we estimate the model by ordinary least squares (OLS). Second, we estimate the instrumental
variable (1V) model treating informal caregiving as endogenous. We use four indicator variables of each
parent and parent-in-law’s need for care as the instrument to explain caregiving. Third, we estimate the
fixed-effects (FE) model to control for time-invariant individual heterogeneity. Finally, we estimate the
fixed-effects models with instrumental variables (FE-1V) to control for both endogeneity of informal
caregiving and time-invariant individual heterogeneity. Table 3 summarizes the main estimation results,
and Table 4 provides the first-stage estimation resultsin IV and FE-1V models.

In these regression analyses, probit or logit models rather than linear probability ones could be an
alternative approach because the dependent variable is binary. We choose linear probability models for
two reasons in addition to its interpretability. First, many preceding studies (e.g., Crespo and Mira, 2014;
Heitmueller, 2007; Leigh, 2010; Leigh, 2010) have employed linear probability models, facilitating the
comparison of our estimation results with theirs.! Second, the sample size in the FE logit models would

1 We have also estimated probit and logit models and obtained similar marginal effects as compared to the linear
probability model. Specifically, the marginal effects are —0.054 (0.012) for the probit model and —0.053 (0.012)
for the logit model. These are very similar to estimates as compared to the estimates from the linear probability
model in Table 3, -0.054 (0.012).
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be substantially reduced because the respondents whose job statuses were unchanged throughout the
sampl e periods were dropped from regressions. It should be also noted that unbiased FE probit
cannot be constructed. However, we should be cautious in interpreting the results of linear

models because the estimated coefficients can imply probabilities outside the unit interval [0, 1].

Asseenin Table 3, the OLS estimate of the coefficient on caregiving is—0.054, which is
and significant, a result consistent with the finding that the proportion of workers among caregivers
is 6.8 percentage points lower than that among non-caregivers (see Table 2). After controlling for the
potential endogeneity of caregiving, the IV estimate of the coefficient on caregiving is—0.072, which
is significant and slightly larger compared to the OL S estimate.

Nevertheless, we should be cautiousin interpreting the validity of the IV model. The left
columns of Table 4 present the first-stage regression results of the IV model. We found that the
instruments used in the first-stage regression—that is, the four variables of the demand for care—are
significantly and positively associated with caregiving. However, the p-value of the endogeneity test
is0.320, indicating that the null hypothesisthat caregiving is exogenous cannot be rejected. Hence,
we conclude that informal caregiving is largely exogenous in terms of the relationship with
employment status among Japanese middle-aged women, indicating that potential endogeneity is not
a serious concern.

Turning to the FE model, we find its estimate of the coefficient on caregiving (—0.032), despite
being significant, is somewhat smaller in magnitude than the OLS and 1V estimates. We also find
that the F-test of the null hypothesis that all individual-level error termsin the FE model are equal to
zero can be rejected (p-value <0.001; not reported in the table), confirming that the FE model is
preferred to the OLS model. Another finding is that the FE-IV estimate is somewhat higher than the
FE one, but the validity of the FE-IV model is questionable, because Table 4 shows that the
exogeneity of informal caregiving cannot be rejected, as was the case with the FE model; the p-value
of the endogeneity test is 0.223.

The key results obtained from Tables 3 and 4 can be summarized as follows. First, similar to the
findings in many studies that estimate the IV models (e.g., Bolin et al., 2008; Crespo and Mira,
2014; Nguyen and Connelly, 2014; Van Houtven et al., 2013), the endogeneity of informal
caregiving isless of aconcern in our resultsin both the cross-sectional and FE models. Second, due
to the association between the time-invariant individual heterogeneity and the regressors, the
negative association between informal caregiving and employment is overestimated when not
accounting for the individual heterogeneity.

In addition to these key results for caregiving, we obtain noteworthy findings about the
associations between other variables and employment in Table 3. First, employment is negatively
related to having two or more physical functional limitations and positively associated with having a
home mortgage, even after controlling for time-invariant individual heterogeneity. Second, lower
levels of self-assessed health are negatively associated with employment in the OLS and 1V models,
but their associations become insignificant in the FE and FE-1V models, suggesting that the
cross-sectional correlation between employment and health is confounded by common
time-invariant factors. Third, the confounding effects of time-invariant factors matter also for the
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associations of employment with divorced/widowed and never married status, both of which are positive
inthe OLS and 1V models but negative in the FE and FE-IV models.

4.2 Caregiving and work on the intensive mar gin: hours and days worked conditional on
employment

We further examine how informal caregiving is associated with the labor supply on the intensive margin.
Specificaly, for individuals who have paid jobs, we regress informal caregiving on hours worked per
week and days worked per week separately, along with a set of covariates described in Section 4.1. Table
5 reports the results, focusing on the estimated coefficients on caregiving in each model. Caregiving
reduces hours worked per week by 1.92 hoursin the OLS model. Thisis largely consistent with the
results from Table 2, which show that caregivers work 1.8 hours fewer per week than non-caregivers.
ThelV estimate provides a very close estimate—a reduction of 1.91 hours—although we confirm that
the hypothesis that caregiving is exogenous cannot be rejected (not reported in the table), asin the case
of employment models. By contrast, the impact of caregiving on hours worked per week is—0.31 and
0.13inthe FE and FE-1V models, respectively, which are small and insignificant.

We obtain similar results for the relationship between caregiving and days worked per week, as
shown in the bottom panel of Table 5. Caregiving reduces 0.12 and 0.16 days worked per week in the
OLSand IV models, respectively, both in line with the result in Table 2, which shows that the work
week of caregiversis 0.14 days shorter than that of non-caregivers. The FE and FE-IV estimates are both
0.03, which reveal little association between caregiving and days worked per week.

Limited association between caregiving and working hours or days among working
individuals—combined with a significantly negative, albeit small, association between caregiving and
employments—suggests that caregivers may choose to remain in the labor force with the same working
hours as before or leave the labor force completely without the opportunity of reducing working hours or
daysto adapt to caregiving. This may be due to the inflexibility of working hours or daysin Japan,
where workers are not allowed to adjust their working hours or days in response to family
circumstances.? If the need of caregiving istoo heavy to be met by reducing leisure time, women tend
to stop working outside the home rather than reduce working hours. It is somewhat surprising, however,
to see limited association between caregiving and working hours or days, considering that part-time
workers constitute about 70 percent of middle-aged working women. The results suggest even part-time
workers may have difficulty in adjusting working hours or days in accordance with the need of
caregiving. More in-depth analysis is needed to explain why caregiving has limited association with

work on both the extensive and intensive margins.

4.3 Impact of work on the association between car egiving and mental health
Last, we investigate how caregiving is associated with mental health and examine whether employment

worsens the impact of caregiving on psychological distress. We regress psychological distress, measured

2 Constructing the overemployment and underemployment indicators— asin Altonji and Paxson, 1988, 1992;
Altonji and Usui, 2007; Usui, 2016; and Usui et al., 2016—shows that a significant proportion of Japanese
workers are not satisfied with their working hours and that they are either overemployed or underempl oyed.
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by the K6 scores, on caregiving, employment, and the interaction between caregiving and employment,
along with a set of control variables described in Section 4.1. We exclude self-assessed health, which is
based on the respondent’s subjective assessment and tends to overlap with psychological distress
measured by K6 scores. Although many studies find a positive association between psychological
distress and caregiving, few studies have examined how psychological distressis related to the situation
in which employment and caregiving coexist. If the estimate of the coefficient on the interaction
between employment and caregiving is positive, employment exacerbates caregivers’ psychological
distress; however, if it is negative, employment alleviates caregivers’ psychological distress.

Table 6 presents the estimation results. The OLS model shows that psychological distressis
associated positively with caregiving and negatively with employment; particularly, it indicates that
psychological distress is not associated with the interaction between caregiving and employment.

The IV model also gives similar results. In the FE and FE-1V models, psychological distressis
positively associated with caregiving but not associated with employment or the interaction between
caregiving and employment.

Thus, regardless of the model specifications, our results confirm that work does not exacerbate
the negative impact of caregiving on mental health. One plausible reason is that the positive mental
health effect of performing multiple roles, which has been reported by Adelmann (1994), Hao (2008),
and Moen et al. (1992), offsets the negative mental health effect of reduced leisure time and/or
additional psychological pressures.

5. Conclusions

Based on the data from alarge and nationally representative panel survey of middlie-aged Japanese, we
have obtained three noteworthy findings. First, the association between caregiving and employment is
small in magnitude, albeit negative, after controlling for time-invariant individual heterogeneity. Second,
caregiving is not related to either hours or days worked per week by the caregiver. Third, even though a
negative association is found between caregiving and caregivers’ mental health, employment does not
increase the psychological distress experienced by the caregivers due to their caregiving role.

These results suggest that informal caregiving does not seriously harm employment for
middle-aged women and that female caregivers can remain in the Japanese labor force without
feeling additional psychological pressure from work. These findings may reflect the features of
female employment in Japan. Women with paid jobs tend to work relatively short hours and tend to
have jobs with limited responsibility, regardless of their caregiving status. In the sample of the
current study, the average hours worked per week among working women is 31.6 hours for
caregivers and 33.4 hours for non-caregivers (see Table 2). These hours are longer in the United
States: 36.9 hours for those who have been caregivers at least once and 36.4 hours for those who
have never been caregivers (Van Houtven et a., 2013). The hours are also longer in Europe: 36.5
hours for caregivers and 37.9 hours for non-caregivers (Sugano, 2015). Women in Japan also tend to
be engaged in jobs with limited responsibility. Among the working women in our sample, only 2.9
percent hold managerial positions whereas 20.0 percent and 20.6 percent hold clerical and service
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positions, respectively. By comparison, the share of managerial, clerical, and service positions among
working men in the sampleis 18.4 percent, 8.5 percent, and 7.5 percent, respectively. Therefore, if
middle-aged women were given the same roles and responsibilities at work as men, caregiving could
have alarger impact on their employment.
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Table 1. Key features of respondents

All Caregivers  Non-caregivers

Age M (SD) 56.9 (1.8) 57.0 (1.7) 56.8 (1.8)

Number of living children M (SD) 2.1(1.0 2.0(1.0 2.1(1.0
Proportions (%)

Marital status Married 89.1 89.2 89.1

Separated 2.7 2.3 2.8

Divorced/widowed 5.8 5.2 6.0

Never married 2.2 34 2.0

Educational attainment Less than high school 9.5 7.1 10.0

High school 51.1 47.3 51.9

Some college 28.8 325 28.0

University 10.1 12.8 9.5

Other 0.5 0.3 0.5

Self-assessed health Excellent 4.8 3.2 51

Very good 31.8 26.5 33.0

Good 47.0 49.1 46.5

Fair 13.3 17.6 12.4

Poor 25 2.8 25

Very poor 0.6 0.8 05

Physical functional limitation One 3.8 5.6 34

Two or more 51 55 5.0

Having children younger than 18 years old 2.6 1.8 2.8

Home mortgage 27.2 25.1 27.6

N 21,788 3,914 17,874
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Table 2. Labor supply variables and K6 scores by caregiving status

Caregivers (A) Non-caregivers (B) Difference* (A-B)

M (D) M (D) M (SE)
Employment 0.621 (0.485) 0.688 (0.463) -0.068 (0.009)
Hours worked per week 31.59 (14.81) 33.39 (14.47) -1.80 (0.33)
Days worked per week 4.69 (2.35) 4.83 (1.18) -0.14 (0.03)
K6 score (range: 0-24) 474 (4.54) 3.53 (4.11) 1.21 (0.08)
Father needs care 0.179 (0.383) 0.045 (0.207) 0.134 (0.006)
Mother needs care 0.506 (0.500) 0.106 (0.307) 0.400 (0.008)
Father-in-law needs care 0.122 (0.327) 0.032 (0.175) 0.090 (0.005)
Mother-in-law needs care 0.391 (0.488) 0.107 (0.309) 0.284 (0.008)
N 3,914 17,874

aAll significant at the 0.1% significance level.
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Table 3. The estimated association between informal caregiving and employment (N = 21,788)2

Dependent variable = Employment

OLS IvP FE° FE-1VP

Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE)
Caregiving -0.054™" (0.012) -0.072™ (0.023) -0.032""" (0.009) -0.041" (0.020)
Age 0119 (0.102) 0119 (0.102)  0.288™ (0.086)  0.286"" (0.085)
Age square -0.012 (0.009) -0.012 (0.009) -0.026"" (0.007) -0.026""" (0.007)
Marital status (ref. = married)
Separated -0.012 (0.031) -0012 (0.031) -0.003 (0.019) -0.003 (0.019)
Divorced/widowed 0.167""" (0.019) 0.166"" (0.019) -0.109" (0.048) -0.108" (0.048)
Never married 0.189™"" (0.030) 0.190"" (0.030)  -0.067""" (0.008)  -0.068""" (0.009)
Educational attainment (ref. = high school)
Less than high school 0.031 (0.018) 0.030 (0.018)
Some college 0001 (0.013) 0.002 (0.013)
University -0.017 (0.021) -0.016 (0.021)
Other -0.051 (0.081) -0.053 (0.081)
Self-assessed health (ref. = fair)
Excellent 0.015 (0.020) 0.014 (0.020) -0.010 (0.013) -0.010 (0.013)
Very good 0.011  (0.009) 0.010 (0.009) -0.002 (0.005) -0.002 (0.005)
Good -0.086"" (0.014) -0.086"" (0.014) -0.014 (0.008) -0.014 (0.008)
Poor -0.157""" (0.026)  -0.156"" (0.026) -0.024 (0.018) -0.024  (0.018)
Very poor -0.272" (0.054) -0.271"" (0.054) -0.017 (0.042) -0.016 (0.043)
Physical functional limitation
One -0.053" (0.021) -0.052" (0.021) -0.002 (0.013) -0.002 (0.013)
Two or more -0.120"* (0.022)  -0.120"* (0.022) -0.037** (0.013) -0.037"" (0.013)
Number of living children 0.030™" (0.006) 0.030™"" (0.006) 0.002  (0.005) 0.002  (0.005)
Children aged < 18 years 0.004  (0.030) 0.003  (0.030) 0.001  (0.019) 0.001 (0.019)
Home mortgage 0.067** (0.011)  0.067"* (0.011)  0.026° (0.011) 0.026" (0.011)

aAdjusted for survey years. Robust standard errors clustered at the individual level are shown in
parentheses.

b See Table 4 for the results of first-stage estimation.

™ p<0.001," p<0.01," p<0.05.
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Table 4. Thefirst stage estimation resultsin IV and FE-1V models (N = 21,788)2

Dependent variable = Caregiving

v FE-1V

Coef. (SE) Coef. (SE)
Father’s need for care 0.237 ™ (0.017) 0.185 " (0.017)
Mother’s need for care 0.368 " (0.012) 0.254 ™ (0.013)
Father-in-law’s need for care 0.249 "™ (0.022) 0.158 " (0.021)
Mother-in-law’s need for care 0.288 " (0.012) 0214 ™ (0.014)
Age -0.006 (0.080)  -0.139 (0.086)
Age square 0.001 (0.007) 0.01 (0.007)
Marital status (ref. = married)
Separated 0031 * (0015 -0.001 (0.018)
Divorced/widowed 0.002 (0.012) 0102 "  (0.059)
Never married 0.095 "™ (0.023) -0.038 (0.090)
Educational attainment (ref. = high school)
Less than high school -0.029 " (0.010)
Some college 0.023 ™ (0.008)
University 0.028 " (0.012
Other -0.044 (0.038)
Self-assessed health (ref. = fair)
Excellent 0031 ** (0.012) -0.014 (0.012)
Very good -0.018 *** (0.006)  0.000 (0.006)
Good 0029 ** (0.009) 0019 *  (0.009)
Poor -0.005 (0.018)  -0.002 (0.018)
Very poor 0.022 (0.037) 0102 *  (0.043)
Physical functional limitation
One 0037 * (0.015)  0.026 (0.014)
Two or more -0.030 " (0.013) 0.002 (0.013)
Number of living children -0.001 (0.003) -0.002 (0.007)
Children aged < 18 years -0.028 (0.015)  -0.033 (0.022)
Home mortgage -0.016 *  (0.007) 0.023 " (0.012)
Endogeneity test 0.320 0.223
Joint significance of instruments® <.001 <.001
Overidentification test® 0.821 0.689

aAdjusted for survey years. Robust standard errors clustered at the individual level are shown in
parentheses.® p-value of the null hypothesis of exogeneity.¢ p-value of the null hypothesis of no joint
significance. 9 p-value of the null hypothesis of valid exclusion restrictions.

™ p<0.001," p<0.01," p<0.05.
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Table 5. The estimated associations of informal caregiving with hours worked per day and days worked
per week?® (N = 14,384)

OLS v FE FE-1V
Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE)
Dependent variable = hours worked per day
Caregiving -1.92 " (0.46) 191 ©  (0.89) -0.31 (0.32) 0.13 (0.82)
Dependent variable = days worked per week
Caregiving 012 * (004 -016 *  (0.08) 0.03 (0.03) 0.03 (0.07)

aAdjusted for age, age square, marital status, educational attainment, self-assessed health, physical
functional limitation, number of living children, living with children younger than 18 years old, having a
home mortgage, and survey years. Robust standard errors clustered at the individual level are shownin
parentheses. The complete results (including the first-stage estimation results for IV and FE-1V models)
are available upon request from the author.

™ p<0.001," p<0.01," p<0.05.

Table 6. The association across informal caregiving, employment, and psychological distress® (N =
20,959)

Dependent variable = K6 score (0-24)

OLS v FE FE-IV
Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE)
Caregiving 1.09 " (0.17) 184 "™ (0.31) 069 ™  (0.15) 114 "™ (0.34)
Employment -036 " (0100 -029 (0120 -0.0 (0.11) -0.12 (0.149)
Caregiving x Employment
0.07 (0.21) -0.17 (0.39) -0.13 (0.17) 0.02 (0.38)

aAdjusted for age, age square, marital status, educational attainment, physical functional limitation,
number of living children, living with children younger than 18 years old, having a home mortgage, and
survey years. Robust standard errors clustered at the individual level are shown in parentheses. The
complete results (including the first-stage estimation results for 1V and FE-IV models) are available
upon request from the author.

" p<0.001, " p<0.01," p<0.05.
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Abstract

Background: Education has attracted more attention as a key determinant of health in later life. In this
study, the hypothesis that widened educational disparities in health can be observed in later life was
investigated, and the factors that mediated the association between education and changes in health were
also assessed.

Methods: Using the 10-wave longitudinal data of 20,024 individuas (9,320 men and 10,704 women)
aged 50-59 years at baseline, collected from a nationwide population survey in Japan (2005-2014), the
changes in self-rated health, functional limitations, and psychological distress between educational
levels were compared. Mediation analysis was further conducted to assess the factors that mediated the
association between education and changes in health, with reference to six types of potential mediators
(household spending, social participation, leisure-time physical activity, smoking, problem drinking, and
regular health check-ups). The analyses were conducted separately for men and women.

Results: All three health variables rapidly deteriorated among lower-educated men and women. For men,
the six potential mediators mediated 55.2%, 64.3%, and 47.3% of the associations between educational
levels and changes in self-rated health, functional limitations, and psychological distress, respectively.
The proportions for women were 42.0%, 49.5%, and 58.8%, respectively. Social participation was the
primary mediator, followed by physical activity, regular health check-ups, and smoking. In general, no
substantial or consistent differences were observed between men and women.

Conclusions: The results suggested that policy measures that encourage social participation and
promote healthy behaviors can improve educational disparitiesin health in later life.

Background
Education as a key determinant of health in later life has attracted more attention because it is one of the
most stable indicators of one’s socioeconomic status after young adulthood [1, 2]. Education is also
likely to affect other aspects of socioeconomic status that are associated with health [3, 4]. A
well-established view is that health differences between educational levelsincrease with age. Health is
predicted to deteriorate more rapidly with age for lower-educated individuals than for higher-educated
individuals, which is known as the cumul ative disadvantage hypothesis [5]. In line with this hypothesis,
several studies have demonstrated that educational level is a key determinant of health disparitiesin later
life among other several aspects of health, including mortality, disability, frailty, chronic diseases,
mental health, self-rated health, or other health variables [5-13].

However, two key challenges must be addressed for the further understanding of the association
between educational levels and health. First, more information is needed about the long-term changesin
health at an individual level, particularly if the focusis on how health disparities will accumulate with
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age over time. Previous studies have often been based on cross-sectional or repeated cross-sectional data
[8, 12, 13], and even if longitudinal data were used, analyses have often been limited to comparisons
between a couple of survey waves with relatively short intervals [5-7, 10, 11, 14], with arecent
exception that used longer longitudinal data[9]. Further evidence based on large-scale and extended
longitudinal data must be obtained to examine the validity of the cumulative disadvantage hypothesis at
anindividual level [7].

Second and more importantly, the mechanism that explains the relationship between educational
levels and widening health disparities with age has not been fully elucidated. Numerous studies have
examined the possible explanations for the general relationship between education and health [3, 15]. In
addition, results showed several potential mediators of this relationship. For example, alower
educational level islikely to cause material disadvantages, particularly in terms of income, which can
reduce the access to healthy food and the chances of living in healthy conditions[16, 17].
Lower-educated individuals may also undertake an unhealthy lifestyle or behaviour, resulting in higher
risks of worsening health [4, 18]. In this respect, how health behaviours and lifestyle habits, such as
leisure-time physical activity, smoking, and problem drinking can link education to health should be
assessed. In addition, social participation may be a potential mediator if it is positively associated with
educational level [14], given that studies have demonstrated a positive association between social
participation and health [19, 20]. However, existing observations about these mediating effects are
conflicting, and as suggested by Chandola et al. [21], multiple pathways that link education and health
must be considered, rather than focusing on a single potential mediator.

To address these challenges and further understand the association between educational levels and
health, the validity of the cumulative disadvantage hypothesis was assessed at an individual level, and
the factors that mediated the association between education and changes in health were investigated. For
these purposes, the 10-wave (9-year) longitudinal data, obtained from a nationwide social survey, of
20,024 individuals (9,320 men and 10,704 women) aged 50-59 years at baseline were used. The changes
in health and its evolution over the 9-year period were compared between the lower- and
middle-/higher-educated individuals, with a focus on three health variables (self-rated health [SRH],
functional limitations, and psychological distress).

Furthermore, the factors that mediated the association between educational levels and changesin
health over the 9-year period were assessed. Six potential mediators were considered: household
spending (as an alternate for income), social participation, leisure-time physical activity, smoking,
problem drinking, and regular health check-ups. A mediation analysis was conducted to evaluate the
mediating effect of each of these six variables on the association between education and health.

All of these analyses were conducted separately for men and women. It might be possible that
educational differencesin health may increase differently among men and women, and that the

mediating mechanisms might operate in different ways by gender.

Methods
Sudy sample
Data from the Longitudinal Survey of Middle-Aged and Older Adults, a nationwide 9-year panel survey,
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that was conducted by the Japanese Ministry of Health, Labour and Welfare (MHLW) each year between
2005 and 2014, were obtained. Samplesin the first wave were collected nationwide in November 2005
through a two-stage random sampling procedure. First, 2,515 districts were randomly selected from
5,280 districts used in the MHLW’s nationwide, population-based “Comprehensive Survey of the Living
Conditions of People on Health and Welfare,” which was conducted in 2004. The 5,280 districts were,
in turn, randomly selected from about 940,000 national census districts. Second, 40,877 residents aged
50-59 years as of October 30, 2005 were randomly selected from each selected district, according to its
population size. A total of 34,240 individuals responded (response rate: 83.8%). The second to tenth
waves of the survey were conducted in early November of each year from 2006 to 2014, and 22,748
individuals remained until the tenth wave (with an average attrition rate of 4.0% in each wave). No new
respondents were added after the first wave.

Data of the 20,024 individuals (9,320 men and 10,704 women), who participated for 9 years were
used, and al information required in the present study were provided. The respondents were divided into
lower-educated individuals (whose educational attainment was below high school, that is, less than 12
years of schooling in total) and middle-/higher-educated ones (who had graduated from high school or
above). Lower-educated individuals, including those who had not completed high school, comprised
15.4% of the entire sample. The study sample consisted of 58.4% of the individual s who participated in
the first wave. The key attributes between this study sample and dropouts were compared to assess the
potential biasin the estimation results.

M easurements

Health variables

Three health variables were considered: SRH, functional limitations, and psychological distress. SRH
has often been used as a comprehensive alternative for general health conditionsin social epidemiology
because it has been repeatedly found to be avalid predictor of health outcomes, including mortality,
physical and cognitive functioning, and morbidity [22-24]. In terms of SRH, the respondents were asked
to choose 1 (very good), 2 (good), 3 (somewhat good), 4 (somewhat poor), 5 (poor), or 6 (very poor)
regarding their current health condition.

These categorical answers were used as a continuous variable with higher values that indicate poorer
SRH. In terms of functional limitations, the respondents were asked whether they had any difficulty in
each of the 10 activities of daily living (walking, getting out of bed, getting infout of a chair, dressing,
washing their face and hands, eating, toileting, bathing, ascending and descending stairs, and carrying
purchased items). The degrees of functional limitations were also evaluated using the sum of itemsin
which the respondents had difficulty performing.

Kessler 6 (K6) scores were established to measure psychological distress [25, 26]. From the survey,
the respondents’ assessments of psychological distress were first obtained using a 6-item psychological
distress questionnaire—“During the past 30 days, about how often did you feel a) nervous, b) hopeless,
c) restless or fidgety, d) so depressed that nothing could cheer you up, €) that everything was an effort,
and f) worthless?” The questionnaire was rated on a 5-point scale (0 = none of thetime to 4 = all of the
time). The sum of the reported scores were then calculated (range: 0-24) and defined as the K6 score.
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Higher K6 scores reflected higher levels of psychological distress.

Potential mediators

Six types of potential mediators were considered for the association between education and health
(household spending, social participation, leisure-time physical activity, smoking, alcohol drinking, and
regular health check-ups). Each variable was completely evaluated throughout the 10 waves. Household
spending was considered as a key factor that represents the material conditions rather than income
because the number of respondents who did not report household spending was significantly lower
compared to those who did not own a household or have their own income and because dependent wives
who did not work outside their house did not have income. Reported household spending throughout the
10 waves were summarized, and a binary variable of low household spending was established by
allocating one to the lowest tertile of the sum and zero if otherwise.

In terms of social participation, respondents were asked whether they participated in 6 types of social
participation (hobbies or cultural activities, exercise or sports, community events, support for children,
support for the elderly, and other activities) within the past year from the date of the survey. The
answers regarding social participation were summarized, showing that the respondents were engaged in
each wave throughout the 10 waves (range: 0-60), and a binary variable of low social participation was
established by allocating one to the lowest tertile of the sum and zero if otherwise.

Physical activity, smoking, alcohol drinking, and regular health check-ups were considered as key
behaviours that are associated with health. Respondents were asked how they were engaged in
leisure-time physical activity. A binary variable of low physical activity was then established by
allocating one to those who did not engage in moderate (without breathlessness or heart pal pitations) or
more intense exercise at |east few days per week throughout the 10 waves. The respondent was
considered as a smoker if he/she answered that he/she was currently smoking all throughout the waves.
Problem drinking was defined as an intake of more than two go (360 ml) per day of Japanese sake or an
equivalent amount of alcohol, which corresponds to about 40 g of pure alcohol. Thisthreshold was
based on a study showing that maintaining alcohol consumption below 46 g/day minimized the risks of
mortality in a Japanese population [27]. Those who drank above this threshold in at |east one wave were
considered as problem drinkers. Lastly, a binary variable for those with no regular health check-ups was
established by allocating one to those who reported that they did not have a health check-up in at least
one wave. In addition to these variables, binary variables of sex and each age (50-59 years old) at
baseline and the baseline values of each health variable as covariates were used.

Statistical analyses

For the descriptive analysis, the baseline values and changes in the three health variables over the 9-year
period between the lower- and middle-/higher-educated individuals were compared for both men and
women. Then, two types of linear regression models (Models A and B) were estimated separately for
men and women to explain the change in each health variable between baseline and each wave, allowing
random effectsto consider error terms at an individual level. In Model A, the wave was used as a

continuous variable and the binary variable of low educational level as key explanatory variables, along
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with the covariates. The coefficients of the wave and low educational level were both expected to be
positive. In Model B, the interaction term of the wave and low educational level were added to Model A.
The coefficient of thisinteraction term was expected to be positive if low educational level addsto the
pace of deterioration in health with increasing age.

In these regression models, each health variable was normalised by its mean and standard deviation
to help assess and compare the substantive degrees of association between health and other variables. In
addition, inverse probability weighting was used to mitigate potential sources of attrition bias[28, 29].
Specifically, the probit model was first estimated to predict observation presence through wave 10, using
the baseline values of each health variable and the binary variables of lower education and each age at
baseline. Then, the inverse of the predicted probability of presence was used as the weight when
estimating the regression models.

Subsequently, a mediation analysis was performed separately for men and women, with the
conventional three-step estimation procedure along with bootstrapping to assess the significance of the
mediating effects [30, 31]. Changes in the three health variables over the 9-year period were the focus.
Inthe first step, Model 1 was used to explain the change in each health variable between baseline and
the tenth wave by the binary variable of low educational level. In the second step, Model 2 was used to
explain each potential mediator by the binary variable of low educational level. In the third step, Model
3 was utilized to explain the change in each health variable by low educational level. In each of Models
1, 2, and 3, health variables at baseline as well as other covariates were controlled for.

For each potential mediator an actual mediator was suspected if the estimated coefficients of low
educational level in Models 1 and 2 and the estimated coefficients for the potential mediators were all
statistically significant. To examine the statistical significance of the mediating effect, the 95%
confidence interval (Cl) of the proportion of the association between education and the change in each
health variable were subsequently estimated via bootstrap estimation with 2,000 replications.

Resaults
Widening disparitiesin health
Thefirst half of Table 1 shows the comparison (1) of the values at baseline and (2) the changes over the
9-year period for the lower- and middle-/higher-educated individuals in terms of SRH, functional
limitations, and psychological distress, between lower- and middle-/higher-educated individuals. For
both men and women, SRH and functional limitations at baseline were worse among lower-educated
individuals than middle-/higher-educated ones, whereas no difference was observed in terms of
psychological distress. Over the 9-year period, self-rated health and psychological distress deteriorated
among lower-educated men, while functional limitations and psychological distress deteriorated among
lower-educated women. Deterioration in functional limitations or self-rated health showed no difference
among men and women with varying educational backgrounds. However, it should be noted that
baseline values of health variables or other covariates were not controlled for in Table 1.

The second half of Table 1 shows the comparison of the six potential mediatorsin terms of
educational level over the 9-year period. Lower-educated individuals were at significantly higher risks
of low household spending, low social participation, low physical activity, smoking, problem drinking,
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and no regular check-ups compared to middle-/higher-educated individuals, while the difference in the
proportion of problem drinking was small for both men and women and significant only at the 10% level
for women.

To confirm the widening educational disparitiesin health with age, Table 2 presents the estimation
results of the regression models to explain the change in each health variable between baseline and each
wave after controlling for sex and age at baseline. In Model A, results showed that, for both men and
women, low educational level accelerated deterioration in health. This result was obtained even after
controlling for (i) the adverse effect of aging on health (which is captured by a positive coefficient of a
continuous variable of the wave), and (ii) the initial level effect (which means that higher initial levels
reduced additional increases in subsequent waves and is indicated by a negative coefficient of the health
variable at baseline).

By adding the interaction term between low educational level and the wave in Model B, the
coefficients of the interaction terms were positive and significant in all models, except for self-rated
health for women. This observation indicates that low educational level generally accelerated the
deterioration in health with age for both men and men.

Mediation analysis

The estimation results of Models 1 and 3 based on the mediation analysis are presented in Table 3,
which focuses on the change in health variables between baseline and the tenth wave. The results of
Model 1 confirmed the adverse effect of low educational level on the changesin all the three types of
health variables. The results of Model 2 are not presented to conserve space (available upon request), but
it was confirmed that all potential mediators were significantly associated with low educational level (p
< 0.001).

The results of Models 3 help understand the mediating mechanism. For example, in the case of SRH
for men, the estimated coefficient of low educational level was substantially attenuated to 0.08 from
0.16 in Model 1, after controlling for the six potential mediators, suggesting that a substantial portion of
the association between education and the change in SRH was influenced by those mediators. Among
the six variables, low social participation, smoking, problem drinking, and no regular health check-ups
were positively associated with deteriorated SRH. Household spending was not related to SRH. A
reduction in the estimated coefficient of low educational level from Model 1 to 3 was commonly
observed in all models, while the levels of the coefficient were somewhat different between men and
women. Anocther finding was that estimation results of the six mediators were not much different
between men and women in terms of the magnitudes and statistical significance of their estimated
coefficients; notably, low social participation and physical activity were most closely associated with the
changesin health variablesin all models.

Table 4 shows the comparison of the magnitude of each variable’s mediating effects as well as
statistical significance. In the case of men’s self-rated health, social participation had the largest
mediating effect, which accounted for 31.1% of the association between educational levels and SRH.
The magnitude of the mediating effect of socia participation was remarkably higher than that of
physical activity (15.0%), regular health check-ups (6.0%), and smoking (3.1%). The mediating effects
of these four variables were all significant, given that the bootstrap-estimated 95% CI did not include
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zero. By contrast, the mediating effect of household spending or problem drinking was not significant.
The mediating effect of these six potential mediators accounted for 57.3% (95% Cl: 28.9 58.6%) of
the association between low educational level and SRH. If limited to four significant mediators, the
mediating effect was 55.2% (95% Cl: 44.2 66.1%) in total.

Largely similar results were obtained for other combinations of the health variable and gender. For
men, the six potential mediators accounted for 64.3% and 47.3% of functional limitations and
psychological distress, respectively. The proportions for women were 42.0%, 49.5%, and 58.8% for the
three health variables, respectively, not much different from those for men. For both men and women,
socia participation was the primary mediator for al health variables. Albeit to alesser extent,
leisure-time physical activity and regular health check-up, and smoking in some cases, were found to be
important mediators for all health variables for both genders.

Discussion

In the present study, the association between the changesin health and educational levels were
investigated using the 10-wave longitudinal data of the individuals aged 50-59 years old at baseline. The
estimation results clearly support the hypothesis that educational disparities in health would accumulate
with age in terms of SRH, functional limitations, and psychological distress. These results were
generally in accordance with those in previous studies that demonstrated educational disparitiesin health
[5-13], athough the present study additionally revealed the changes in disparities over the 9-year

period.

The results of the mediating analysis highlighted the importance of the pathways that link education
to health in later life. The proportions of the association between educational levels and the changein
heath mediated by a set of six factors (household spending, social participation, leisure-time physical
activity, smoking, problem drinking, and regular check-ups) were in the range from 47.3% to 64.3% and
from 42.0% to 58.8% for men and women, respectively, depending on health variables (self-rated health,
functional limitations, and psychological distress). These results suggested that we can construct policy
measures to alleviate the accumulation of educational disparitiesin health by blocking the pathways that
link low educational level to health.

In this respect, the key mediators for the association between education and health must be identified.
Moreover, the prediction of health behaviors as key mediators is also important, as already suggested by
previous studies [4, 18]. Indeed, estimation results confirmed that leisure-time physical activity and, to a
lesser extent, smoking mediated the effect of education on health, whereas problem drinking did not. In
addition, regular health check-up, which is not a narrowly defined heath behaviour, was also an
important mediator. Thisresult is aso consistent with the assumption that health literacy mediates the
effect of education on health [32] because it is reasonable to argue that individuals with a higher level of
health literacy are more inclined to have regular heath check-ups.

Another significant finding is that social participation was the primary mediator of the association
between education and health because of the magnitude of its mediating effect was well above those of
other factors for both men and women. Numerous studies have demonstrated that social participation
has a favourable effect on health [19, 20]. The results of the present study suggested that lower-educated
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individuals are at high risk in failing (or be reluctant) to engage in social participation, which in turn
affects the health of lower-educated individuals.

However, a one-way causation from social participation (as well as other mediators) may not affect
health. Rather, atwo-way causation between the two variables may be assumed, considering that
healthier individuals are more likely to engage intensively in social participation, which in turn further
enhancestheir health. This two-way causation between social participation and health may result in the
accumulation of the mediating effect of social participation over time. Compared to the present study,
Ettman et al. [14] indicated a more limited mediating effect of social participation between educational
levels on frailty. The difference was probably attributed to the differencein the time intervalsin
observing the change in health: 2 yearsin the study by Ettman et al. versus 9 yearsin the present study.

In contrast to social participation and health behaviours, a somewhat surprising result was that
household spending, which was used as an alternative for income, did not have any mediating effect on
the association between educational levels and health. Two remarks should be made on this result. First,
it may probably be wrong to argue for alimited mediating effect of income, because income may likely
provide material sources to health-promoting behaviours, access to health service, and healthy lifestyle.
In this sense, income may possibly arbitrate the mediating effects of other factors. Second, the present
study, which focused on how income (along with other factors) mediated the effects of education on
health, did not address the differential effects of education versus income on health, which should be
addressed in another analytic framework [1, 33].

Finally, the results did not show any substantial differences between men and women, and gender
differences depended on the types of health variable. For both men and women, educational disparities
in health widened at alargely similar pace, albeit somewhat differently across health variables. In
addition, the proportion of the association between education and health mediated by six potential
mediators was in the range from 47.3% to 64.3% and 42.0% to 58.8% for men and women, respectively,
which were largely overlapped. Moreover, the key mediator was socia participation for both men and
women, and physical activity, regular health check-up, and smoking worked as important mediators
commonly for both genders. However, we should be cautious in any generalization, because the results
may depend on socio-institutional backgrounds.

The present study has several limitations, in addition to the limited coverage of health variables: for
instance, it did not analyse the educational difference in mortality due to lack of data availability from
the current dataset. First, attrition biases were not fully controlled, although the study sample and
dropouts were compared. Hence, as mentioned above, the association between educational levels and
changes in health observed in the present study might have been underestimated. Second, potential
mediators for the association between education and health were not comprehensively explored,
although their association was significantly mediated by the six factors that were considered in the
present study. Hence, one should be cautious in interpreting the proportion of the mediated association
in Table 4. The remaining proportion did not indicate the magnitude of the direct unmediated effect of
education on health. Third and most importantly, the possibility that athird unobserved factor that
affects both education and the mediators exist was not ruled out. For instance, some genetic
characteristics or personality trait can make an individual more inclined to both continue his’her
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education and participate in social activities. If that is the case, caution should be undertaken in
interpreting the observed association between education and the mediators as well asits effects on the
association between education and health.

Conclusions

Based on the statistical analyses using the 10-wave cohort data of the nationwide survey in Japan,
educational disparities tended to widen with agein later life. In addition, a substantial portion of the
associations between educational levels and changesin health was mediated by social participation and
health-related activities, which contributed to a cumulative disadvantage of low educational level. These
results suggested that policy measures that encourage social participation and promote healthy
behaviours can improve educational disparitiesin health in later life.
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Table 1. Comparing health and other variables by educational level® (N = 20,024)

Men (n = 9,320)

Women (n = 10,704)

Educational level Lower Mk Difference Lower Misdlc Difference
/higher /higher
(A) (B) A—B p-value (A) (B) A—B p-value
Health variables
(1) Values at baseline
Self-rated health 284 2.68 0.16 < 0.001 2.91 2.68 0.23 < 0.001
(range: 1-6) (0.97) (0.94) (0.96) (0.90)
Functional limitations 0.22 0.14 0.08 0.007 0.32 0.21 0.11 < 0.001
(range: 0-10) (1.27) (0.99) (1.44) (1.07)
Psychological distress 2.66 2.72 -0.06 0.584 ile 3.05 0.11 0.301
(range: (-24) (3.71) (3.77) (4.04) (3.82)
{2) Changes over ten waves
Self-rated health 0.21 0.15 0.06 0.042 0.le 0.14 0.02 0.404
(1.05) (1.00) (1.00) (0.94)
Functional limitations 0.27 0.24 0.03 0.505 0.47 0.26 0.21 < 0.001
(1.94) (1.66) (2.19) (1.72)
Psychological distress 0.58 0.05 0.53 < (0.001 .60 0.37 0.23 0.029
(4.22) {3.85) (4.21) (3.95)
Potential mediators over ten waves
Low household spending® 0.45 0.34 0.11 < 0.001 0.49 0.37 0.12 < 0.001
(0.50) {0.47) (0.50) (0.48)
Low social activity® 0.53 0.30 0.24 < 0.001 0.53 0.28 0.24 = 0.001
(0.50) (0.46) (0.50) (0.45)
Low physical activity 0.98 0.95 0.04 < 0.001 0.97 0.94 0.03 < 0.001
(0.14) {0.23) {0.18) (0.24)
Smoking 0.61 0.51 0.10 < 0.001 0.29 0.19 0.10 < 0.001
(0.49) {0.50) (0.46) (0.40)
Problem drinking 0.19 017 0.02 0.022 0.12 0.10 0.02 0.063
(0.39) {0.37) (0.32) (0.30)
Mo regular health
diikde 0.80 (.66 0.14 = 0.001 0.82 0.75 0.06 = 0.001
(0.40) {0.48) (0.39) (0.43)
Mumber of individuals 1,452 7,268 1,631 9.073

* Figures in the parentheses are standard deviations. * Lowest tertile.

*p<0.001," p<0.0l
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Table 2. Estimated associations with changes in normalised health variables between baseline and each wave®

Men (n = 9320 = 10 waves)

Women (n = 10,704 = 10 waves)

Model A Model B Model A Model B
Coef.® SE° Coef. SE Coef. SE Coef. SE

(1) Self-rated health?

Low-educated 01la *** (0.012) 0081 * (0.O15) 0005 Y (0.011) 0.092 ** (0.014)
Low-educated = Wave 0.006 ™ (0.002) 0.002 (0.002)
Wave 0.017 *** (0.001) 0016 ** (0.001) 0015 *** (0001} 0.014 *** {0.001)
Self-rated health at baseline -0.467 ** (0.004) 0467 *° (0.004) -0474 % (0.004) 0474 *** (0.004)
(2) Functional limitations®

Low-educated 0.039 " (0.011) 0.020 (0.015) 0089 " {0.012) 0.029 (0.016)
Low-educated = Wave 0004 ° (0.002) 0011 ™ (0.002)
Wave 0015 * (0.001) 0015 7 (0.000) 0019 Y (0001 0017 Y (0.001)
Functional limitations at baseline 0538 Y (0.005) 0538 Y (0.005) -0.440 7 (0.005) -0.440 7 (0.005)
(3) Psychological distress®

Low-educated 0.092 " (0.012) 0.018 (0.014) 0052 % (0.012)  0.021 (0.015)
Low-educated * Wave 0.014 7 (0.002) 0.006 7 (0.002)
Wave -0.001 (0.001) -0.003 * (0.001) 0006 7 (0.001)  0.005 %Y {0.001)
Psychological distress at baseline 0431 ** (0.005) -0.431 *** (0.005) -0.380 ** (0.005) -0.380 ** (0.005)

* Controlled for ages at baseline. * Coefficient. © Standard error. 9 Normalised by mean and standard deviation.

* p = 0.001.
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Table 3. Estimated associations with changes in normalised health variables over the 9-year period®

Men (n =9,320)

Women (n = 10,704)

Model 1 Model 3 Model | Model 3
Coef® SE* Coef. SE Coef. SE Coef. SE

{1} Self-rated health®

Low-educated 016 ™ (0.02) 008 * (002 017 7 (0.02) 011 Y (0.02)
Low household spending 0.02 (0.02) 0.05 Y (0.0D)
Low social participation 0.23 7 (0,02 0.21 " (0.02)
Low physical activity 0.23 "7 (0.04) 0.21 " (0.03)
Smoking 0.05 ' (0.02) 0.03 (0.02)
Problem drinking 0.05 * (0.02) -0.04 (0.02)
Mo regular health check-up 0.07 % (0.02) 0.04 " (0.02)
Self-rated health at baseline 0.55 " (001 -0.57 *** (001 058 Y (0.01) -0.59 Y (D.01)
{2} Functional limitations®

Low-educated 005 °  (0.02) -0.01 (003) 016 *** (0.03) 010 " (0.03)
Low household spending 0.05 ° (0.02) -0.03 (0.02)
Low social participation 0.20 " (0.02) 0.19 ™ (0.02)
Low physical activity 013 7 (0.05) 0.14 ™ (0.04)
Smoking 0.01 (0.02) 0.13 "7 {0.02)
Problem drinking 0.08 % (0.03) -0.05 (0.03)
Mo regular health check-up 0.02 (0.02) 0.11 ™ (0.02)
Functional limitations at baseline -0.58 ** (0.01) -0.58 ** (0.01) -0.50 °° (0.01) -0.51 ™ (0.01)
{3) Psychological distress*

Low-educated 014 ™ (002y 007 Y (0.02) 009 T (0.02) 0.04 {0.02)
Low household spending 0.03 ° (0.02) -0.01 (0.01)
Low social participation 0.19 *** (0.02) 0.15 ™ (0.02)
Low physical activity 0.08 *  (0.03) 0.06 * (0.03)
Smoking 0.00 (0.01) 004 * (0.02)
Problem drinking 0.05 * (0.02) 0.00 (0.02)
No regular health check-up 0.06 ** (0.02) 0.07 ™ (0.02)
Psychological distress at baseline -0.52 ** (0.01) -0.54 *** (0.01) -047 *** (0.01) -048 ** (0.01)

* Controlled for ages at baseline. ® Coefficient. © Standard error. ¥ Normalised by mean and standard deviation

" p=0001," p<00L
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Table 4. Estimated proportions of the associations between education and health mediated by each

mediator® (N = 20,024)

Men (r = 9,320}

Women (n = 10,704)

Proportion (%) 959 CI° Proportion {%a) 95% CI
Self-rated health
Low household spending 1.0 (-1.6, 3.5) -3.6 (-6.1, -1.2)
Low social participation 3.1 e (244, 37.7) 30.7 (24.3, 37.2)
Low physical activity 150 1 (6.3, 23.2) 93 4.2, 14.4)
Smoking 3t (0.5, 5.T) 20 (-1.2, 5.1)
Problem drinking 1.2 (-0.3, 2.6) 0.8 (-2.2, 0.6)
Mo regular health check-up 60 1 (22, 9.7 2.0 (0.1, 3.9
Total 573 1 (289, 85.6) 305 (123, 66.8)
Total for significant mediators? 552 % (442, 66.1) 42.0 (33.8, 50.1)
Functional limitations
Low household spending 03 (-3.2, 31.8) -2.3 i P
Low social participation 418 * (32.3, 51.2) 274 (18.7, 36.2)
Low physical activity 12.1 t (7.4, 16.8) 7.3 (3.3, 1L
Smoking 3 (0.3, 7.6) 98 (-4.5, 151
Problem drinking .8 (-1.0, 2.6) -0.9 (-2.6, 0.9)
No regular health check-up 6.5 v (3.0, 10.0) 4.9 (2.0, 7.9)
Total 654 1 (21.3, 109.5) 46.4 (4.3, 884
Total for significant mediators? 643 7 (53.6, 749 49.5 (38.8, 60.3)
Psychological distress
Low household spending 24 (0.8, 5.5) -1.6 (-6.3, 3.1
Low social participation 322 1 (24.1, 40.3) 46.2 (33.2, 59.1)
Low physical activity T (1.9, 13.5) 6.5 (0.2, 12.8)
Smoking 0.6 (-2.4, 3.6) 4.7 (-1.9, 11.4)
Problem drinking 1.3 (0.5, 3.1) 0.2 =21, 25)
No regular health check-up 74t (2.8, 11.9) ol (2.0, 10.3)
Total 516 * (l6.0, 87.3) 62.1 (7.9, 116.4)
Total for significant mediators? 473 * (369, 57.8) 58.8 (449, 72.7)

* Controlled for baseline value of each health variable as well as ages at baseline.

P 95% confidence intervals obtained via bootstrap estimation with 2,000 replications.

¢ Indicates that bootstrap-estimated 95% CI was above zero.

9 Mediators with T
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ABSTRACT

Retirement is a major life-course transition that is closely related to changes in health. This study
examined the dynamic impact of retirement on health and health behaviors, distinguishing an immediate
change in the level of health at retirement and a change in the rate of change after retirement. We used
panel datafrom 9,283 individuals (4,441 men and 4,842 women) who had retired during a nationwide
ten-year panel survey in Japan conducted in 2005-2014. We focused on three health behaviors (current
smoking, heavy alcohol drinking, and leisure-time physical activity) and two health indicators (self-rated
health and psychological distress). We estimated regression models that controlled for both
time-invariant individual attributes and the endogeneity of retirement, using panel data collected during
the five years before and after retirement. Results generally confirmed that the transition was
accompanied by favorable changes in health and health behaviors with some gender differences. Among
men, retirement immediately promoted leisure-time physical activity and reduced poor self-rated health
and psychological distress. Retirement also accelerated smoking cessation and leisure-time physical
activity and decelerated reporting poor health. Among women, retirement immediately promoted
leisure-time physical activity and reduced psychological distress, whileit did not affect the rate of
change in any health variable after retirement. The current study underscores the need for more in-depth
knowledge of the dynamic impact of retirement on health. This will assist in developing policy measures
to help the middle-aged population make healthy transitions from work to retirement.

INTRODUCTION

Retirement is amajor transition in later life that is closely related to changes in health. The impact of
retirement on health is potentially akey determinant of quality of life among middle-aged and elderly
individuals (van der Heide et al., 2013; Zantinge et al., 2014). Additionally, the association between
retirement and health is a central issue for public policy in developed countries, because retirement is
closely related to public pension schemes (Gruber and Wise, 1999) and health and long-term care for the
elderly are expected to continue to increase public spending (de la Maisonneuve and Oliveira Martins,
2013).

It is reasonable to predict that retirement would have afavorable impact on health, considering the
stressful influence of work. Indeed, many studies have attempted to confirm this, focusing on various
types of health behaviors such as smoking (Celidoni and Rebba, 2016; Ding et al., 2016; Lang et al.,
2007), alcohol consumption (Brennan et al., 2010; Celidoni and Rebba, 2016; Ding et al., 2016; Zins et
al., 2011), and physical activity (Chung et al., 2009; Ding et al., 2016; Feng et a., 2016; Slingerland et
al., 2007; Stenholm et al., 2016). Studies have also considered overall health variables measured by
self-rated health and mental health indicators (Behncke, 2012; Coe and Zamarro, 2011; Hesel, 2016;
Neuman, 2008; Westerlund et al., 2009; Westerlund et al., 2010; Zhu, 2016). As surveyed by van der
Heide et al. (2013) and Zantinge et al. (2014), many studies have confirmed that retirement has a
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beneficial effect on health, while several other studies have obtained opposing or inconsistent results.
Indeed, there are many reasons to assume the negative effects of retirement on health, through
life-course disruptions, loss of key social role, income loss, and others.

There are at least three factors that may result in mixed and inconsistent observations about the
positive effects of retirement, besides differences inherent to datasets collected from different countries
and study groups. Firgt, results may be biased as studies have not fully considered individual differences
such as personality traits and inherent characteristics. Prospective cohort studies have usually compared
health variables between participants who had retired during baseline and follow-up and those who
continued to work throughout the study (e.g., Feng et al., 2016; Lang et al., 2007; Slingerland et al.,
2007). These studies did control for sociodemographic and socioeconomic attributes observed through
surveys, but they could not control for unobserved individual attributes, making it difficult to identify
the causal effect of retirement on health. Fixed-effects (FE) regression models have often been used to
control for time-invariant individual attributes, both observed and unobserved (Celidoni and Rebba,
2016; Chung et al. 2009; Zhu, 2016).

Second, retirement must be endogenous in general; it may be a choice made by an individual, at least
to some extent. To alleviate the endogeneity biases, an increasing number of studies have been utilizing
the instrumental variable (1V) method (Behncke, 2012; Coe and Zamarro, 2011; Hessel, 2016; Zhu,
2016). In the first stage, this method estimates retirement through an IV expected to affect retirement but
not health directly. In the second stage, the model explains health by the retirement predicted in the first
stage. Many studies have used eligibility for public pension benefits asan IV (Coe and Zamarro, 2011;
Hessel, 2016; Neuman, 2008; Zhu, 2016), because it is institutionally fixed and expected to affect an
individual’s decision to retire but not hig’her health directly. In recent years, FE-1V models, which are a
combination of an FE model and an 1V method, have often been used to address biases due to both
individual time-invariant attributes and the endogeneity of retirement (Bonsang et al., 2012; Godard,
2016; Zhu, 2016).

Third, retirement islikely to affect health in two different ways: (i) an immediate change in the level
at retirement and (ii) a change in the rate of change after retirement. For example, it might be that even if
health keeps deteriorating after retirement, retirement reduces its rate of deterioration. A smple
comparison between pre- and post-retirement levels of the health outcome may fail to capture this type
of beneficial impact of retirement on health, even if the endogeneity of retirement is successfully
controlled for. Indeed, studies have found that the health effect of retirement tends to change over time
(Stenholm et al., 2016; Zhu, 2016), suggesting the need for examining the dynamic effect of retirement
on health.

In the current study, we examined how retirement affects the dynamics of health and health
behaviors, explicitly considering the above-mentioned issues—that is, (i) controlling for individual
heterogeneity, (ii) alleviating endogeneity biases of retirement, and (iii) distinguishing two types of
health effects of retirement. We estimated FE-IV models to examine both types of health effects of
retirement separately for three health behaviors (current smoking, heavy alcohol drinking, and
leisure-time physical activity) and two health indicators (self-rated health and psychological distress).
We also considered gender differences in health effects of retirement, assuming that socio-institutional
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backgrounds of retirement and their implications for health may differ between men and women.

The present study is also expected to shed new light on the understanding of the impact of retirement
on health; it used a nationwide dataset in Japan, contrary to previous studies, most of which have used
data from Europe, the U.S., and other Western countries. Japan is characterized not only by a high level
of labor force participation and long life-expectancy among the elderly but also by a gradual and less
straightforward transition from work to retirement (Shimizutani and Oshio, 2010). In addition, alower
share of full-time employees among middle-aged women is expected to lead to more limited impact of

retirement on women'’s health in Japan.

METHODS

Sudy sample

We used data obtained from a nationwide, ten-wave panel survey, “The Longitudinal Survey of
Middle-Aged and Older Adults,” which was conducted by the Japanese Ministry of Health, Labour and
Welfare (MHLW) each year between 2005 and 2014. Japan’s Statistics Law required the survey to be
reviewed from statistical, legal, ethical, and other viewpoints. We obtained the survey data from the
MHLW with its official permission, so the current study did not require ethical approval.

Samplesin the first wave were limited to those aged 50-59 years and were collected nationwide in
November of 2005 through a two-stage random sampling procedure. A total of 34,240 individuals
responded (response rate: 83.8%). The second to tenth waves of the survey were conducted in early
November of each year from 2006 to 2014, and 22,748 individual s remained in the tenth wave (average
attrition rate of 4.0% in each wave). No new respondents were added after the first wave.

To capture the impact of retirement as precisely as possible, we focused exclusively on the
observations of the respondents who had been working continuously since the first wave and retired
during the second and tenth waves (assuming that they had been working until the first wave). We
excluded the data of participants when and after they resumed working after the first retirement. We also
considered the observations at most five years before and after retirement; for example, we concentrated
on the observations between waves 1 and 9 for the respondents who retired in wave 4 and on the
observations between waves 3 and 10 for the respondents who retired in wave 8. This is because too
long a period from retirement may make it difficult to distinguish the effects of retirement from other
factors. Excluding further respondents who were missing key variables, we used the data of 9,283
individuals (4,441 men and 4,842 women). The total number of observations was 54,113 (25,833 for
men and 28,280 for women).

Measures

Health behaviors

We considered three health behaviors: current smoking, heavy alcohol drinking, and leisure-time
physical activity, each of which was expressed as a binary variable. We considered a participant who
answered “yes” to the question “do you smoke currently?” to be a current smoker. We defined heavy
problem drinking as an intake of more than three go (540 ml) of Japanese sake or an equivalent amount
of alcohol every day, which corresponds to about 60 g of pure alcohol. This threshold was based on a
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study that showed that maintaining alcohol consumption below 46 g/day appeared to minimize the risks
of mortality in a Japanese population (Inoue et al., 2012). We considered respondents to have engaged in
leisure-time physical activity if they reported that they were doing moderate-intensity or vigorous
aerobic activity at least two days per week. This threshold was roughly consistent with the guideline
proposed by the MHLW (2013).

Health

We considered two health indicators—poor self-rated health and psychological distress, each of which
was expressed as a binary variable. Regarding self-rated health, the respondents were asked to indicate
their current health condition on a 6-point scale: 1 (very good), 2 (good), 3 (somewhat good), 4
(somewhat poor), 5 (poor), and 6 (very poor). A binary variable for poor self-rated health was
constructed by assigning the value 1 to those who indicated 4, 5, or 6 on the scale, and zero to those who
indicated 1, 2, or 3 onthe scale.

We measured psychological distress using the Kessler Psychological Distress Scale (K6; Kessler et
al., 2002; Kesdsler et a., 2010). The respondents were asked to answer a six-item questionnaire that
included items such as, “During the past 30 days, about how often did you feel a) nervous, b) hopeless,
c) restless or fidgety, d) so depressed that nothing could cheer you up, €) that everything was an effort,
and f) worthless?” The questions were rated on a 5-point scale (0 = none of thetime to 4 = all of the
time). Then, the sum of the reported scores (range: 0-24) was calculated and defined as the K6 score.
Higher K6 scores reflect higher levels of psychological distress. K6 scores > 5 indicate mood/anxiety
disorder in a Japanese sample, as validated by preceding studies (Furukawa et al., 2008; Sakurai et al.,
2011). A binary variable for psychological distress was constructed by assigning the value 1 to those
with K6 scores > 5 and the value zero to those with K6 scores below 5.

Covariates

As covariates, we constructed three binary variables to indicate whether the respondent was living alone,
had a spouse, and was providing informal care to any family member. It should be noted that these
covariates are potentially endogenous and affected by both retirement and health; however, we
confirmed that estimation results remained virtually intact even if omitting them in regressions. In

addition, we used the indicator variables for each wave to control for wave-specific factors.

Analytic strategy
Following some descriptive analyses, we estimated regression models to explain each health variable
separately. The benchmark model is given by the following:

Healthi; = aRetirediy +6(Age: — Retirement age)

+ OB Retiredi<(Age: — Retirement age) + yXit+ & + &, )
where Health indicates a binary variable of health, and Age and Retirement age indicate current age and
retirement age, respectively. The subscriptsi and t correspond to individual and wave, respectively.
Retired is abinary variable, which is equal to oneif age is equal to or higher than retirement age and
zero otherwise. The value of (Age: — Retirement age) isin the range between -5 and 5 and is negative

before retirement, equal to zero at retirement, and positive after retirement. X isaset of time-variant
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covariates, ¢jisatime-invariant individual factor, and & is an error.

Asillustrated in Figure 1, an immediate change in the level of health at retirement isindicated by a.
The rate of change in health changes from 6 before retirement to (1+4)6 after retirement. £ indicates the
proportion of a change in the rate of change in health after retirement with its positive and negative
values corresponding to acceleration and deceleration, respectively. The value of g isimplicitly
computed by dividing the estimated value of p6 by that of 6.

In the actual regression analyses, we estimated

Healthii = (a1 + azFemale)xRetired;: + (61 + 6.Female)x(Age: — Retirement age)

+ (6151 +0-5.Female)xRetiredi<(Age: — Retirement age) + yXii+ & + &, (2)

for the entire sample to incorporate potential gender differences, instead of estimating eq. (1) separately
for men and women. Eq. (2) includes three interaction terms with a binary variable, Female, which
indicate female participants. An immediate impact on the level of health at retirement (denoted by « in
eg. (1)) isgiven by a1 for men and a1 + a» for women, with the gender difference to be tested by the
significance of estimated value of a,. The proportion of change in the rate of change in health after
retirement (denoted by £ in eqg. (1)) is calculated by dividing the estimated value of 6151 by that of 6, for
men and by dividing the estimated value of (6151 + 6-52) by that of (61+ 6-) for women. The gender
difference can be tested by the significance of the difference between these two estimated proportions.

We first estimated eg. (2) as an FE model, in which all variables are mean-centered and, hence, a
time-invariant individual factor (¢) is automatically removed from regression. To make the estimation
results easily understood, we treated the regression model as a linear probability model (Wooldridge,
2013) rather than alogistic/probit model. Further, considering the potential endogeneity of retirement,
we estimated two additional first-stage, linear FE models: (i) to explain Retired by Eligible, that is, a
binary variable allocated as 1 if ageis equal to or higher than the ligibility age for public pension
benefits, and (ii) to explain (Age — Retirement age) by (Age — Eligibility age), which is the difference
between the current age and the eligibility age for public pension benefits, along with the same
covariates used in eg. (2). In the second stage, we estimated the FE model (2) by replacing Retired and
(Age — Retirement age) with their predicted values obtained from the first-stage estimations.

For the eligibility ages of public pension benefits, we used those for the wage-proportional benefits of
the Employees’ Pension Insurance (EPI) program, which covers private-sector employees. This was
relevant for public-sector employees as well, because they have a similar pension program to the EPI.
EPI benefits consist of flat-rate and wage-proportional components. The eligibility age for the flat-rate
benefit was raised gradually from age 60 in 2001 for men and 2006 for women. The €eligibility age for
the wage-proportional benefit was raised gradually from age 60 in 2013 for men but remained fixed at
60 until 2018 for women. We focused on the eligibility age for the wage-proportiona benefit as the EPI
insured participants were generally not eligible for any benefit before that age. It should be noted that
the variation of the eligibility age was limited; the proportions of eligibility age 60 (for those born before
April 2, 1953), 61 (for those born between April 2, 1953 and April 1, 1955), and 62 (between April 2,
1955 and April 1, 1957) were 88.0%, 10.1%, and 1.9%, respectively, among male participants, and the
eligibility age was 60 for all female participants. However, both Vs (Eligible and Age — Eligibility age),
had sufficiently large variation in the observations to make the first-stage estimations effective.
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RESULTS

Figure 2 depicts the observed distribution of retirement age for men and women, confirming the spikes
of retirement age at 60 for both genders; 21.5% and 16.6% of men and women, respectively, retired at
age 60. Thisresult isin line with the fact that most participants in this survey became eligible for public
pension benefits at age 60.

Table 1 compares occupational status and hours worked per week between men and women one year
before retirement, along with educational attainment. Compared to women, alarger proportion of men
had been regular employees and executives and had been working for alonger time. Nearly half of
femal e participants had been working as part-time or temporary workers. Table 2 shows how the level of
each health variable changes from two years before to two years after retirement. Among both men and
women, the prevalence of current smoking and heavy drinking decreases after retirement while that of
leisure time activity increases. Self-rated health worsens after retirement while there is no significant
change in psychological distress.

However, comparisons between only two time points cannot grasp the dynamics of health around
retirement. Figures 3 and 4 compare evolutions of health and health behaviors around retirement among
men and women, respectively. Remarkable jumps at retirement are observed for leisure-time physical
activity among both men and women. By contrast, smoking secession accelerates after retirement
especialy among men. A trend in psychological distress turns from upward to downward at retirement,
albeit not substantially, among both men and women.

Estimation results of FE models are summarized in Table 3. The key focuses are on (i) the estimated
coefficient on Retired (), i.e., the immediate impact of retirement, and (ii) the estimated proportion of
the impact on the rate of change after retirement (). The estimated values of « suggest that retirement
immediately discouraged both men and women from smoking and prompted them to engage in
leisure-time physical activity. Meanwhile, the estimated values of # suggest that retirement reduced a
rising pace of reporting poor self-rated health and psychological distress among both men and women
while it accelerated smoking cessation only among men. The gender difference was not significant in o
or § for any health variable.

To examine how these estimation results are affected by controlling for the endogeneity of
retirement, Table 4 summarizes the FE-IV results (with first-stage regression results available upon
reguest). Retirement immediately encouraged both men and women to engage in leisure-time physical
activity and reduce their probability of psychological distress. Meanwhile, retirement immediately
reduced the probability of poor self-rated health only among men. Significant changesin the rate of
change in health variables after retirement were observed only among men; retirement accelerated
smoking secession and leisure-time physical activity and decelerated self-reporting poor health. A
significant gender difference was observed in two cases; the immediate impact on leisure-time physical
activity was higher and the post-retirement rate of reporting poor health declined more remarkably

among men.

DISCUSSION
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We investigated the dynamics of health around retirement and generally confirmed that the transition is
accompanied by favorable changes in health and health behaviors. However, results were not fully
consistent across health variables. The most remarkable and consistent impact was observed on
leisure-time physical activity, in line with several preceding studies. Current smoking was another health
behavior affected by retirement especially among men. By contrast, a cohol consumption was not related
to retirement, adding to generally mixed resultsin preceding studies. Retirement had a generally positive
impact on self-rated health and psychological distress, confirming general resultsin preceding studies.

Results also uncovered gender differences in the health effect of retirement. The effect of retirement
on health was more limited for women than for men, although the differences were not statistically
significant in most cases. We can speculate that our findings were related to the gender differencesin
occupational status before retirement. As shown in Table 1, femal e participants worked less than male
participants before retirement, with a higher proportion of part-time and temporary workers and shorter
hours worked, which may have resulted in a more limited impact of retirement on health for women.

Finally, our findings highlighted the importance of two methodological issues. First, controlling for

endogeneity of retirement tended to affect substantially the estimation results, as already suggested by
previous studies which utilized FE-IV methods. Second, an immediate change in the level of health at
retirement and a change in its rate of change after retirement should be distinguished. These two types of
impact differed across health variables as well as between genders, making simple comparisons between
before and after retirement sometimes misleading.

Sudy limitations and strength

We recognize that the current study has several limitations. As suggested by Chung et al. (2009), job
status before retirement is expected to confound the effect of retirement on health even among those of
the same gender, an issue disregarded in the present study. More broadly, the relevance of retirement for
health is likely affected by socio-institutional background. Notably, a gradual transition to retirement and
alimited proportion of full-time employees among middle-aged women require usto be cautiousin
generalizing the results in this study to other countries.

Meanwhile, our analysis had two important features. First, it controlled for the endogeneity of
retirement as well as time-invariant individual attributes. Second, it distinguished an immediate change
inthe level of health at retirement and a change in its rate of change after retirement. These two
methodologies allowed us to provide new insights into the understanding of the dynamics of health
around retirement.

Conclusions

The current study underscores the need for more in-depth knowledge of the dynamic impact of
retirement on health. Thiswill assist in developing policy measures to help the middle-aged population
make healthy transitions from work to retirement.
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Figure 1. Dynamics of health around retirement: an illustrative example

Health

-3

years before or after retirement)

Age - Retirement age (

Figure 2. Distribution of retirement age

4,482)

---i--- Women (n

4,441)

~4 Men (n

-

25

20 A

15

10

32 53 54 55 56 57 58 39 60 61 62 63 64 65 66 67 68
Retirement age

51

96



Figure 3. Evolution of health and health behavior among men around retirement (n = 25,833 of 4,441
individuals)
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Table 1
Job status one year before retirement.

Men Women
Occupational status (%)
Regular employee 50.2 243
Executive 5.8 1.7
Part-time or temporary worker 9.0 46.5
Dispatched employee 0.9 0.8
Contract worker 209 72
Self-employed 9.1 41
Family worker 0.6 8.4
Side job at home 0.1 3.5
Other 34 3.4
Total 100.0 100.0
Hours worked per week
M 394 296
SD (13.2) (14.3)
Cf. Education level (%)
Junior high school 17.7 172
High school 48.8 537
Junior college 6.8 221
College or above 259 6.6
Other 0.8 0.4
Total 100.0 100.0
N 4441 4842
Table 2

Changes in health and health behavior (prevalence) from two years before retirement to
two years after retirement.

Men (n = 5094) Women (n = 5599)
Before After Change Before After Change
Current smoking 0394 0294 —0.100 ™ 0.104 0.073 —0031
Heavy drinking 0052 0037 —0015 ° 0.005 0.004 —0.001
Leisure-time 0236 0473 0236 " 0232 0420 0.187 .
physical activity
Poor self-rated 0224 0.283 0.059 0162 0194 0.032 "
health
Psychological 0272 0.287 0.015 0.312 0320 0.009
distress
* p<0.05.
** p<001.
** p<0.001.
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Table 3
Estimated associations between retirement and health obtained from FE models (54,113 observations of 9283 individuals)®.

Retired” (Age — Retirement age)® Retired x (Age — &)
Retirement age)
Coef. (a) (SE) Coef. (8) (SE) Coef. (30) (SE) (SE)
Current smoking Men —0.014 o (0.003) —0.021 = (0.001) —0.004 - (0.002) 0.200 ’ (0.081)
Women —0.013 o (0.003) —0.002 (0.001) —0.002 (0.001) 0.983 (1.079)
Difference —0.001 (0.001) —0.019 o (0.001) —0.002 (0.002) —0.784 (1.075)
Heavy alcohol drinking Men —0.001 (0.002) —0.003 e (0.001) 0.000 (0.001) 0.161 (0.414)
Women —0.001 (0.002) 0.000 (0.001) —0.001 (0.001) 4.681 (29.80)
Difference 0.000 (0.001) —0.003 g (0.001) 0.000 (0.001) —4.520 (29.76)
Leisure-time physical activity Men 0.138 o (0.007) 0.014 o (0.002) 0.005 (0.003) 0.365 (0.278)
Women 0.136 o (0.006) 0.003 (0.003) 0.004 (0.003) 1.479 (2.167)
Difference 0.002 (0.002) 0.011 iy (0.003) 0.001 (0.004) —-1114 (2.155)
Poor self-rated health Men 0.006 (0.006) 0.012 (0.002) —0.012 " (0.003) —0990 " (0.187)
Women 0.008 (0.005) 0.008 b (0.002) —0.009 e (0.003) -1.122 A (0.304)
Difference —0.002 (0.002) 0.004 (0.003) —0.003 (0.004) 0132 (0.354)
Psychological distress Men 0.003 (0.007) 0.008 g (0.002) —0.009 = (0.003) —1.219 bl (0.338)
Women 0.002 (0.006) 0.012 o (0.002) —0.010 - (0.003) —0.837 o (0.217)
Difference 0.001 (0.002) —0.004 (0.003) 0.001 (0.004) —0.382 (0.403)
# Controlled for living alone, having a spouse, providing informal care to any family member, and waves.
b —1 if age > retirement age; = 0 otherwise.
¢ Range: from —5 to 5.
* p<0.05.
** p<001.
Table 4
Estimated associations between retirement and health obtained from FE-IV models (54,113 observations of 9283 individuals)®.
Retired” (Age — Retirement age)® Retired x (Age — B
Retirement age)
Coef. (&) (SE) Coef. (#) (SE) Coef. ([36) (SE) (SE)
Current smoking Men —0.009 (0.030) —0.023 e (0.005) —0.003 i (0.001) 0.132 B (0.055)
Women —0.047 (0.028) 0.005 (0.005) —0.001 (0.001) —0.257 (0.299)
Difference 0.039 (0.033) —0.027 e (0.005) —0.002 (0.001) 0.389 (0.298)
Heavy alcohol drinking Men —0.026 (0.019) 0.002 (0.003) —0.001 (0.001) —0.578 (1.032)
Women —0.019 (0.018) 0.003 (0.003) —0.001 (0.000) —0.231 (0.27)
Difference —0.007 (0.021) —0.001 (0.004) 0.000 (0.001) —0.347 (0.95)
Leisure-time physical activity Men 0.475 o (0.061) —0.044 o (0.011) 0.006 - (0.002) —0.138 - (0.047)
Women 0.283 ik (0.058) —0.025 * (0.010) 0.002 (0.001) —0.070 (0.065)
Difference 0.192 w* (0.068) —0.019 (0.011) 0.004 i (0.002) —0.068 (0.065)
Poor self-rated health Men —0.136 = (0.051) 0.034 ik (0.009) —0.005 ek (0.002) —0.153 = (0.053)
Women —0.054 (0.049) 0.017 o (0.008) 0.000 (0.001) 0.022 (0.071)
Difference —0.082 (0.057) 0.016 (0.009) —0.006 o (0.002) —0.174 N (0.079)
Psychological distress Men —0.204 o (0.057) 0.039 ., (0.010) 0.002 (0.002) 0.040 (0.047)
Women —0.124 " (0.055) 0.028 - (0.009) 0.002 (0.001) 0.077 (0.056)
Difference —0.080 (0.063) 0.012 (0.011) —0.001 (0.002) —0.038 (0.064)

Controlled for living alone, having a spouse, providing informal care to any family member, and waves.
=1 if age > retirement age; = 0 otherwise.
Range: from —5to 5.
* p<0.05.
** p<001.
*** p<0001.
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Takashi Oshio and Mari Kan, “Impact of parents’ need for care on middle-aged women’s lifestyle
and psychological distress. evidence from a nationwide longitudinal survey in Japan,” Health and
Quality of Life Outcomes, 2018, 16:63.

Abstract

Background: Many studies have separately addressed the associations of informal caregiving with
coresidence, a caregiver’s work status, and health conditions, but not jointly. We examined how their
parents’ need for care affects middle-aged women’s lifestyle and psychological distress, considering the
potential simultaneity of decisions on caregiving and living adjustments.

Methods: We used 22,305 observations of 7,037 female participants (aged 54-67 years) from a
nationwide longitudinal survey in Japan conducted during 2009 and 2013. We considered the occurrence
of parents’ need for care (OPNC) as an external event and estimated regression models to explain how it
affected the probabilities of the participants becoming caregivers, coresiding with parents, and working
outside the home. We further conducted the mediation analysis to examine how the impact of OPNC on
participants’ psychological distress measured by Kessler 6 (K6) scores was mediated by caregiving and
living adjustments.

Results: OPNC made 30.9% and 30.3% of middle-aged women begin informal caregiving for parents
and parents-in-law, respectively, whereas the impact on residential arrangement with parents or work
status was non-significant or rather limited. OPNC raised middle-aged women’ K6 scores (range: 0-24)
by 0.368 (SE: 0.061) and 0.465 (SE: 0.073) for parents and parents-in-law, respectively, and informal
caregiving mediated those impacts by 37.7% (95% Cl: 15.6-68.2%) and 44.0% (95% Cl: 22.2-75.4%),
respectively. By contrast, the mediating effect of residential arrangement with parents or work status was
non-significant.

Conclusions: Results underscore the fact that OPNC tends to promote middle-aged women to begin
informal caregiving and worsen their psychological distress.

Background
Informal caregivers provide majority of the long-term care in many countries. Owing to longer life
expectancy and a smaller number of siblings, we now face a higher probability of individuals having to
provide informal care to old parents [1]. Hence, the occurrence of parents’ need for care (OPNC) is a
key driver of the change in the lifestyle of middle-aged individuals, especially women, who still tend to
play adominant rolein informal care. If their parents happen to need care, adult children are probably
forced to consider who will provide care to them, whether they will start coresiding with parents [2-5],
whether a caregiver will stop work outside the home [6, 7], and so on.

Actually, many studies have already addressed the associations of informal caregiving with
coresidence, a caregiver’s work status, and health conditions, albeit not jointly. Poor health of parents
tends to raise the probability of their coresidence with their adult children [2-5]. In comparison, mixed

findings have been reported on the association between informal caregiving and a caregiver’s work
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status. However, many studies have shown that the effect of informal caregiving on employment is
relatively limited [6, 7]. One possible reason is the endogenous selection for assuming a caregiving role.
Specifically, women, who tend to have a weaker attachment to the labor market, are more likely to take
on the caregiving role [8].

A key limitation of previous studies is that they have often considered informal caregiving as an
exogenous variable, thereby ignoring possible simultaneity biases. Further, most of these studies did not
consider the simultaneity of decisions on informal caregiving and other behaviors, such as coresidence
with parents and work outside the home, which are likely to interact with each other.

In the present study, we attempted to control for potential biases owing to endogeneity of informal
caregiving and simultaneity of decisions on informal caregiving and other behaviors, in order to
examine the relevance of informal caregiving to the life arrangements and well-being of middle-aged
women more precisely. Therefore, we focused on OPNC, which was considered largely exogenous, and
examined how the middle-aged women responded to it in terms of caregiving, residential relationship
with parents, and work status, taking into account the impact of their pre-OPNC statuses as well as their
interactions under the framework of a simultaneous regression model.

We further examined how the onset of caregiving and living adjustments mediated the impact of
OPNC on the middle-aged women’s psychological distress, based on the theoretical framework of the
mediation analysis [9, 10]. It is reasonabl e to predict that these living adjustments, which are likely
correlated with each other, will affect middle-aged women’s psychological distress, especially if they
become caregivers[11, 12]. Indeed, studies have evidenced that informal caregiving has a negative
association with a caregiver’s health and quality of life [13-14]. However, some studies suggest that
conditions surrounding caregiving—such as coresidence with parents and employment status—tend to
mediate the impact of informal caregiving on a caregiver’s psychological distress [16-20]. Inthis
study, we computed the mediating effects along with their statistical significance of caregiving and
living adjustments.

Methods
Study sample
We used longitudinal data obtained from a nationwide, population-based longitudinal survey titled, “The
Longitudinal Survey of Middle-Aged and Older Adults,” conducted by the Japanese Ministry of Health,
Labour and Welfare (MHLW). Samplesin the first wave were collected nationwide from individuals
between the ages of 50-59 years in November 2005 through a two-stage random-sampling procedure.
First, 2,515 districts were randomly selected from 5,280 districts used in the MHLW’s nationwide,
population-based ‘Comprehensive Survey of the Living Conditions of People on Health and Welfare’,
which was conducted in 2004. The 5,280 districts, in turn, had been randomly selected from about
940,000 national census districts. Second, depending on the population size of each district, 40,877
residents aged 50-59 years as of October 30, 2005 were randomly selected.A total of 34,240 individuals
responded (response rate: 83.8%). The second to ninth waves were conducted in early November of each
year from 2006 to 2013, with no additional sampling (average attrition rate in each wave: 4.3%).

We took full advantage of the longitudinal structure of the dataset to capture the timing of OPNC and
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how the middle-aged women’s responsesto it in terms of caregiving, residential relationship with
parents, and work status, taking into account the impact of their pre-OPNC statuses. Specifically, we
first compiled the data on femal e participants from the fourth to ninth waves (2008-13), because
information on each individual’s parents’ need for care was collected only from the fourth wave. We
then limited our analysis to the data of female participants who had not faced parents’ need for
care—and thus had not provided caregiving to parents—in the year prior to the survey year. It means
that we excluded the data of participants who had already faced parents’ need for care in the fourth wave
(2008) and focused on the participants’ data from the fifth wave (2009) onwards. This allowed us to
capture the exogenous impact of OPNC in the survey year. We also excluded the data of participants
whose parents died in the survey year. After further excluding participants with missing data, we used
22,305 observations of 7,303 women for the statistical analysis, in which we focused on their responses
to OPNC at the survey year.

Measures

The survey asked respondents whether care was needed for each family member. We collected the data
of parents’ need for care and constructed a binary variable in which the emergence of parents’ need for
care in the survey year (after no need was reported in the previous year) was scored as “1” and other
conditions were scored as “0,” for the participants’ parents (father and/or mother) and parents-in-law
(father-in-law and/or mother-in-law). Similarly, we constructed binary variables for participants’
provision of informal care to and coresidence with parents and parents-in-law, by allocating “1” if the
participant was providing informal care and was residing with parents or parents-in-law, and “0”
otherwise. We also constructed a binary variable for work outside the home by allocating “1” if the
participant answered that she was engaged in any paid job and “0” otherwise.

Additionally, we focused on the impact of OPNC on women’s psychological distress measured by
K6 scores[21, 22]. The reliability and validity of K6 scores have been demonstrated in a Japanese
population [22, 23]. Participants were asked to complete a six-item psychological distress questionnaire:
“During the past 30 days, about how often did you feel a) nervous, b) hopeless, c) restless or fidgety, d)
so depressed that nothing could cheer you up, €) that everything was an effort, or f) worthless?”
Responses were rated on a 5-point scale (1 = none of thetime to 5 = all of the time). K6 score (range:
0-24) was constructed by subtracting six from the sum of the responses. Higher K6 scores reflect higher
levels of psychological distress. We additionally focused on the proportion of respondents with K6 score
> 5, which has been found to indicate mood or anxiety disorders in a Japanese population [23]. For the
entire respondents in this study sample (n = 22, 307), Cronbach alpha coefficient for K6 scores was 0.90,
K6 scores’ mean and standard deviation were 3.4 and 4.0, respectively, and the proportion of those with
K6 score > 5 was 30.0%.

As for control variables, we used the respondent’s age, educational attainment (junior high school,
high school, college or above, other), having a spouse, and household expenditure as a proxy of
household income.  These factors were taken into account, because they were expected to affect the
costs—hoth pecuniary and psychol ogica—of informal caregiving and living arrangements, and
correspondingly, their impact on psychological distress. Household expenditure was adjusted for
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household size by dividing the reported value of household expenditure by the square root of the number
of members in the household, as was done in recent publications of the Organisation for Economic
Co-operation and Development [24].

Analytic Strategy
We compared the probabilities of three variables—becoming a caregiver, coresiding, and working
outside the home—between those who faced parents’ need for care and those who did not, without
controlling for other variables. However, as explained in the Introduction, we had to control for potential
biases owing to the endogeneity of informal caregiving and simultaneity of decisions on informal
caregiving, coresidence, and working outside the home as well as their statuses prior to the survey year.
Therefore, we jointly estimated a set of linear regression models within the framework of the seemingly
unrelated regression (SUR) model [26]:

Caregiving: = a1OPNC; + p1Coresidencer.1 + y1Worke.1 + Zid1 + &1t

Coresidence: = a,0PNC; + foCoresidence.1 + yoWorke., + Zid> + ex

Work = asOPNC; + fzCoresidence.1 + ysWorke1 + Zids + e
Here, the subscript t indicates year t (t =2009, 10, 11, 12, and 13), and Z and & (i = 1, 2, and 3) indicate a
set of control variables and an error term. We estimated «; and £, which are coefficients of OPNC and
Coresidence, respectively, as well as d;, which is a set of coefficients of each control variable included
in Z. This set of regression models attempted to capture the impacts of OPNC on caregiving,
coresidence, and work, assuming that these three variables were affected by coresidence and work in the
previous year, and that the error terms were correlated with each other.

The focus was on the estimated value of «i, which indicates the impact of OPNC on caregiving,
coresidence, and work. Because we limited the analysis to the respondents who did not face OPNC (and
thus did not engage in caregiving) in the previous year, the estimated value of a; indicates the
probability of newly becoming a caregiver in response to OPNC. Z included age, educational attainment,
having a spouse, and household expenditure, as mentioned earlier.

One may be tempted to estimate a multivariate probit model rather than a set of linear regression
models within the framework of the SUR model, considering that three dependent variables are all
binary ones. However, we did not use a multivariate probit model because “no OPNC” (OPNC = 0)
perfectly predicted “no caregiving” (caregiving = 0) in the first caregiving model, thus omitting OPNC
from regression. It has been also known that linear probability models obtain results generally similar to
those of probit or logistic models and that their theoretical flaws can be disregarded in most cases [26].

We further estimated regression models to explain the extent to which OPNC affected K6 scores and
how its impact was confounded by caregiving, coresidence, and work. Specifically, we first estimated
the benchmark model (Model 1), which explained K6 scores by OPNC. Next, we estimated three models
(Models 2-4), each of which included caregiving, coresidence, and work as an additional predictor.
Then, we examined how the results were affected by adding all of these variablesin Model 5. In all
these models, we included a set of control variables (Z) aswell as K6 scores, coresidence, and work
status in the previous year.

Finally, we conducted the mediation analysis [9, 10] to examine how the impact of OPNC was
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mediated by three potential mediators: caregiving, coresidence, and work. Based on the results of (i) the
SUR model (which examined the impacts of OPNC on each of three mediators) and (i) Model 1 (which
explained K6 scores by OPNC), and (iii) Model 5 (which explained K6 scores by OPNC and three
mediators), we computed the mediating effects of each of three mediators. We examined their statistical
significance by bootstrap estimating their 95% confidence intervals with 3,000 replications.

Results

Descriptive analyses

Table 1 summarizes the key characteristics of 7,037 participants at baseline (in 2009). Among the
participants, 11.3%, and 22.0% were residing with parents and parents-in-law, respectively. We also
observed that 63.5% of the participants were working outside the home.

Table 2 compares the probabilities of caregiving, coresidence, and work between women who faced
OPNC and those who did not. It was found that 30.7% and 29.7% of the participants started caregiving
in response to the OPNC of parents and parents-in-laws, respectively. The difference in the probabilities
of caregiving in the right column of Table 3 indicates the probability of newly becoming a caregiver in
response to OPNC, because the probability of caregiving was equal to zero among those who did not
face OPNC. The probabilities of coresidence and work were lower among women who faced OPNC
than those who did not, but their differences (ranging between 1.8-7.2%) were much more limited as
compared to those with the probabilities of caregiving. Table 2 also shows that the mean K6 score and
the proportion of those with a K6 score > 5 was much higher among women who faced OPNC than

among those who did not, for both parents and parents-in-law.

Regression analyses
Table 3 summarizes the estimated impact of OPNC on women'’s behavior. We observed that 30.9% and
30.3% of women started caregiving in response to the OPNC of parents and parents-in-law, respectively.
The magnitude of thisimpact was almost the same as those observed in Table 2 (30.7% and 29.7%).
Coresidence in the previous year raised the probability of caregiving for both parents (6.2%) and
parents-in-law (8.7%), whereas work in the previous year dightly reduced it for parents. Asfor
coresidence, OPNC dlightly raised the probability of coresidence for parents (1.3%) and it had no
significant impact (0.6%) for parents-in-law. Instead, residential statusin the previous year was a key
determinant of the current residential status. A negative impact of OPNC on work (1.1% for parents and
2.4% for parents-in-law) was rather limited and smaller than that suggested by the descriptive
comparisons in Table 2. We further observed that previous work status strongly determined the current
one.

Table 4 presents the estimation results of Models 1-5, which explain how OPNC affected women’s
K6 score. As the benchmark model, Model 1 showed that OPNC raised women’s K6 scores by 0.368
and 0.465 for parents and parents-in-law, respectively. These impacts were equivalent to 0.09 and 0.13
standard deviation of K6 scores. Model 2 showed that the impact of OPNC was substantially mediated
by becoming a caregiver for both types of parents. The inclusion of caregiving substantially attenuated
the association between OPNC and K6 scores—the coefficient declined by 38.1% to 0.227 for parents
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and by 43.6% to 0.263 for parents-in-law (0.220)—while caregiving had a significant, positive
correlation with K6 scores for both parents (0.454) and parents-in-law (0.668).

Model 3 showed that coresidence or work did not have any positive association with K6 scores,
leaving the impact of OPNC virtually intact, for both parents and parents-in-law, while work reduced K6
scoresin the case of caring for parents-in-law. Finally, Model 5, which included all related variables,
largely mirrored the results in Models 2—4; the coefficients for OPNC and caregiving remained close to
those in Model 2, while the coefficients for coresidence and work remained almost intact from Models 3
and 4, respectively.

Lastly, Table 5 presents the results of the mediation analysis, based on the results of the SUR models
presented in Table 3 and those of Models 1 and 5 presented in Table 4. For caregiving to parents, OPNC
raised K6 score by 0.368, and 37.7% of thisimpact (i.e., 0.139) was mediated by caregiving. In contrast,
coresidence or work did not significantly mediate the impact of OPNC on K6 scores. We found similar
results for parents-in-low; caregiving mediated 44.0% of the impact of OPNC K6 scores, while

coresidence or work did not work as a mediator.

Discussion

We examined how OPNC affects the lifestyle and psychological distress of middle-aged women, using
the data obtained from a nationwide longitudinal survey in Japan. Unlike most previous studies, we
examined the impact of OPNC on caregiving, coresidence, and work, adjusted for their potential
interactions and the effects from their previous statuses.

Results confirmed that about 30% of women began caregiving for their parents or parents-in-law in
response to their need for care during the survey period (2019-2013). We also observed that the
probability of becoming a caregiver was positively associated with previous coresidence with parents, a
finding which was consistent with the result of a previous study conducted outside Japan [27].
Compared to the impact on the probability of becoming a caregiver, the probability of coresidence with
parents was less sensitive to OPNC. In line with the results of previous studies[2, 4, 5] we obtained
some evidence that OPNC prompted individuals to coreside with their parents, but the impact was rather
small. Women who have been residing separately from parents seem to prefer going to their parents’
house to take care of them at least at the onset of the need for caregiving. The impact on work status was
also limited, which was generally in line with the results of previous studies[6, 7].

Hence, we can argue that middle-aged women tend to respond to OPNC mainly by becoming a
caregiver, at least initially, without substantial adjustments to coresidence with parents and work status.
One possible explanation, which seemsto be relevant in Japan, where intergenerational family setting is
common, is that the parent-child coresidence, along with the wife’s labor force participation, may reflect
the implicit contract regarding informal care and other life arrangements, which is traditionally made
between adult children and their parents before OPNC [28, 29].

At the same time, results underscore the fact that OPNC is a stressful event for middle-aged women.
OPNC raised psychological distress and its adverse impact was substantially mediated by becoming a
caregiver. Coresiding with parents and work did not explain the variations in women’s psychological

distress after including OPNC as an explanatory variable. This observation was consistent with the
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finding that women tended to become caregivers with limited adjustments to coresidence and work.

Additionally, the present study highlights that the kin relationship tends to confound the impact of
caregiving on psychological distress. Compared to parents, the adverse impacts of both OPNC and
caregiving on psychological distress were higher for parents-in-law. This observation confirmed the
importance of kin relationship between caregivers and care recipients for a caregiver’s psychological
distress, as aready evidenced by previous studies [28-30].

We recognize that the present study has several limitations. First, we did not assess caregiving
burden in terms of time spent on caregiving or the level of care required in the statistical analysis. This
reguires usto be cautiousin any generalization of the obtained results. Second, we ignored the impact of
prolonged caregiving on women'’s lifestyle and psychological distress. As caregiving continues and the
nursing care levelsincrease, women are more likely to adjust their lifestyle and feel more distressed,
especialy if the conflict between informal care and other roles becomes incompatible [20]. In this sense,
it is likely that the present study may underestimate the impact of OPNC on women’s lifestyle and
psychological distress. Following previous longitudinal studies (e.g., [31-33]), the dynamics of
caregiving and its associations with lifestyle and mental health of caregivers, care recipients, and their
family members must be addressed using more detailed longitudinal data. Third, we must expand the
analysis to address how wider aspects of women’s multiple roles including interpersonal relations with
others and other social ties are affected by OPNC [16, 19].

Conclusions

Overall, the results highlighted that the onset of caregiving tends to be a serious external event that
affects middle-aged women’s psychological distress, even if its impact on their lifestyle is relatively
limited. If long-term care for the elderly keeps relying heavily on informal caregiving at home, policy
measures to support informal caregivers are required. Providing a wider range of home-visit nursing
care services to in-house care recipients and expanding institutional care services could be helpful in
mitigating any psychological pressure and stress caused by informal caregiving at home.
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Table 1 Key characteristics of 7037 participants at baseline (in

2009)

Educational attainment Proportion (%)
Junior high school 12.7
High school 64.1
Junior college 146
College or above 83

Having a spouse 88.0

Residing with parents T3

Residing with parents-in-law 220

Working outside home 63.5

Age (years) M 58.0

SD (2.7)

Monthly household expenditure (thousand yen)® M 2300

SD (283.0)

?Adjusted for household size
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Table 2 Behavioral probabilities and K6 scores of women with and without parental need for care®

The need of care Difference (A-B)
Occurred (A) Not occurred (B)
Parents (n=15,972)
Caregiving 30.7% 0 30.7% s
SD (0.4%)
Coresidence 13.7% 15.5% —1.8% *
5D (0.8%)
Work 55.1% 60.5% —54% o
SD (1.0%)
Ké score (range: 0-24) M 3.79 320 0.59 bl
SD (0.08) (0.03) (0.00)
K6 score 2 5 33.3% 284% 4.9% s
Number of observations 2648 13,324
Parents-in-law (n=10,887)
Caregiving 29.7% 0 29.7% o
5D (0.5%)
Coresidence 33.1% 40.3% -7.2% i
5D (1.2%)
Work 55.7% 62.0% —6.3% o
SD (1.2%)
Ké score (range: 0-24) M 390 320 0.70 ey
SO (0.10) (0.04) (0.10)
K6 scorez 5 34.4% 29.3% 5.1% e
Number of observations 2086 8801

All variables were evaluated in each wave when parents’ need for care emerged
"p<0.001, p<0.05

Table 3 Estimated impact of the occurrence of parents’ need for care on women'’s behavior®

Women's behavior

Explanatory variables Caregiving Coresidence Work

Coef. SE Coef. SE Coef. SE
Parents (n=15972)
Occurrence of parents’ need for care 0309 e (0.004) 0.013 s (0.003) -0.011 (0.006)
Coresidence in the previous year 0.062 R (0.004) 0934 ek (0.003) —0.001 (0.006)
Work in the previous year -0.012 botcead (0.003) 0.002 (0.002) 0819 el (0.005)
Parents-in-law (n = 10,887)
Occurrence of the need for care 0303 e (0.005) -0.006 (0.004) -0024 il (0.007)
Coresidence in the previous year 0.087 b (0.004) 0928 AN (0.004) 0.011 * (0.006)
Work in the previous year 0.003 (0.004) 0.008 * (0.004) 0813 e (0.006)

*Adjusted for age, educational attainment, having a spouse, household expenditure in all models

p <0001, p<005
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Table 4 Estimated impact of the occurrence of parents’ need for care on women's K6 scores?

Model 1 Model 2 Model 3 Model 4 Model 5
Coef. Coef. SE Coef. Coef. SE Coef. SE
Parents (n=15,972)
Occurrence of parents' need for care  0.368 0227 *™* [007]) 0366 (0.061) 0367 *** (0061) 0228 ** (0.071)
Caregiving 0454 ** (0.121) 0449  ** (0.121)
Coresidence 0.119 (0.164) (0.080) 0.072 (0.165)
Work —0.062 -0.057 (0.080)
Parents-in-law (n = 10,887)
Occurrence of parents’ need for care 0465 0263 ** (0.085) 0465 (0.073) 0460 ***(0.073) 0.255 ¥ (0085)
Caregiving 0668 *** (0.145) 0674  **  (0.146)
Coresidence -0.028 (0.158) -0.109 (0.159)
Work -0211 * (0.100) -0.202 * (0.100)
LAdjusted f(}r age, ed!.lcaticma! attainment, having a spouse, household expenditure, coresidence, and work in the previous year in all models
p<0.001, “p<0.01, p<005
Table 5 Estimated impact of the occurrence of parents’ need for care on women’s K6 scores mediated by their behavior®
Coefficient 95% CI° Proportion (%) 95% CI°
Parents (n=15,972)
Mediated by:
Caregiving 0.139 (0.058,0.217) 37T (156, 68.2)
Coresidence 0.001 (—0.004, 0.006) 03 (=10, 1.8)
Work 0.001 (=0.001, 0.003) 0.2 (-04,09)
Total 0.140 (0.061,0219) 381 (16.1, 68.5)
Unmediated 0.228 (0.088, 0.368) 61.9 (315,839
Total 0.368 (0.249, 0.487) 100.0
Parents-in-law (n = 10,887)
Mediated by:
Caregiving 0.162 (0.085, 0.239) 44.0 (22.2,754)
Coresidence 0.001 (—0.002, 0.004) 0.1 (-04,1.0)
Work 0.005 (-0.000, 0.011) 1.0 (-0.1,25)
Total 0.210 (0.113, 0.309) 451 (23.1,76.7)
Unmediated 0.255 (0.085, 0428) 549 (23.3,769
Total 0465 (0.323, 0.608) 100.0

*Adjusted for age, educational attainment, having a spouse, household expenditure, coresidence, and work in the previous year in all models
bBootstrap-estimated with 3000 replications
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