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Housing Conditions and Health in Urban 
China
Using longitudinal data from the China Health and Nutrition Survey, we investigate the 

causal relation between housing conditions (both internal and external) and health among 

urban adults aged 18+. We find that housing improvement reduces the probability of bad 

self-reported health by 3.7 percent, with more pronounced impacts among females, older 

adults, those with lower socioeconomic status (low education and income) and residents 

of the less developed central and western regions. This beneficial health effect is enhanced 

by longer treatment periods and consistent across several robustness checks. Housing 

conditions seemingly operate on health via poor macronutrient intake, physical inactivity, 

and sleep deprivation.
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1. Introduction  

,Q�DGGLWLRQ�WR�LPSDFWLQJ�LQGLYLGXDO�ZHOO�EHLQJ��SRRU�KHDOWK�EXUGHQV�IDPLO\�DQG�SXEOLF�

UHVRXUFHV��ZHDNHQV�VRFLHWLHV��DQG�VTXDQGHUV�SRWHQWLDO��8QLWHG�1DWLRQV�LQ�,QGLD���������

$V�RQH�RI����VXVWDLQDEOH�GHYHORSPHQW�JRDOV��6'*V���HQVXULQJ�KHDOWK\�OLYHV�DQG�ZHOO�

EHLQJ�IRU�DOO��6'*����LV�DW�WKH�FHQWHU�RI�WKH�JOREDO�KHDOWK�SROLF\�DJHQGD��:+2���������

&RQVHTXHQWO\��XQGHUVWDQGLQJ� WKH�FDXVHV�RI�KHDOWK�GHSULYDWLRQ� LV�D�SDUWLFXODU�FRQFHUQ�

ZRUOGZLGH��*LYHQ�FXUUHQW�FOLPDWH�DQG�GHPRJUDSKLF�FKDQJHV�KRXVLQJ�LV�EHFRPLQJ�DQ�

LQFUHDVLQJO\�LPSRUWDQW�VRFLDO�GHWHUPLQDQW�RI�KHDOWK��DV�ZHOO�DV�D�PDMRU�FRQWULEXWRU�WR�

DFKLHYLQJ�6'*V��HVSHFLDOO\�6'*V���DQG�����VXVWDLQDEOH�FLWLHV�DQG�FRPPXQLWLHV���:+2��

������� 1RW� RQO\� KDV� WKH� &29,'���� SDQGHPLF� IXUWKHU� H[DFHUEDWHG� KRXVLQJ�UHODWHG�

KHDOWK�GLVSDULWLHV�±�LQ�SDUWLFXODU�DPRQJ�WKRVH�ZLWK�SRRU�KRXVLQJ�FRQGLWLRQV��+XDQJ�HW�

DO���������5RJHUV�	�3RZHU��������±�EXW������ZLOO�VHH�WKH�JOREDO�GRXEOLQJ�RI�D�SULPDULO\�

KRPH� ERXQG� RYHU���� SRSXODWLRQ� QHHGLQJ� KRXVLQJ� SURWHFWLRQ� IURP� FOLPDWH� H[WUHPHV�

�:+2�������������� 

1RQHWKHOHVV��GHVSLWH�D�JURZLQJ�ERG\�RI�OLWHUDWXUH�GRFXPHQWLQJ�WKH�GHWULPHQWDO�HIIHFW�

RI� SRRU� KRXVLQJ� RQ� KHDOWK�� WKLV� UHVHDUFK� IRFXVHV� DOPRVW� H[FOXVLYHO\� RQ� GHYHORSHG�

:HVWHUQ�UHJLRQV�OLNH�WKH�86��'D\VDO�HW�DO���������-DFRE�HW�DO���������.DW]�HW�DO���������

.OLQJ�HW�DO���������/XGZLJ�HW�DO����������(XURSH��$QJHO�	�%LWWVFKL��������0DUVK�HW�DO���

������3DODFLRV�HW�DO����������DQG�$XVWUDOLD��%DNHU�HW�DO���������0DVRQ�HW�DO���������0RUULV��

�������+HQFH��FDXVDO�HYLGHQFH�IRU�GHYHORSLQJ�FRXQWULHV��ZKHUH�KRXVLQJ�SRYHUW\�LV�PRUH�

SUHYDOHQW��:+2���������UHPDLQV�OLPLWHG��0RVW�H[LVWLQJ�VWXGLHV�DUH�DOVR�EDVHG�RQ�VPDOO�

VFDOH�LQWHUYHQWLRQV�LQ�VHWWLQJV�QRW�DSSOLFDEOH�WR�GHYHORSLQJ�HFRQRPLHV�OLNH�&KLQD��ZKLFK�

LV�H[SHULHQFLQJ�DQ�XQSUHFHGHQWHG�GHPRJUDSKLF�WUDQVIRUPDWLRQ�DQG�KRXVLQJ�UHIRUP��  

7KH�SXUSRVH�RI� WKLV� VWXG\�� WKHUHIRUH�� LV� WR�XVH�GDWD� IURP� WKH� ODUJH�VFDOH� ORQJLWXGLQDO�

&KLQD�+HDOWK�DQG�1XWULWLRQ�6XUYH\��&+16��WR�SURYLGH�D�FRPSUHKHQVLYH�DVVHVVPHQW�RI�

WKH� FDXVDO� UHODWLRQ�EHWZHHQ�KRXVLQJ�FRQGLWLRQV� DQG�KHDOWK� LQ�XUEDQ�&KLQD�� D�XQLTXH�

FRQWH[W�IRU�VWXG\LQJ�WKH�KRXVLQJ�KHDOWK�QH[XV��)LUVW��LQ�WKH�IRXU�GHFDGHV�VLQFH�LWV������

5HIRUP� DQG� 2SHQLQJ�8S� 3ROLF\�� &KLQD� KDV� H[SHULHQFHG� XQSUHFHGHQWHG� HFRQRPLF�

JURZWK��ZLWK�SHU�FDSLWD�*'3�LQFUHDVLQJ�IURP�����\XDQ�LQ������WR��������\XDQ��GHIODWHG�
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WR�������LQ�������1DWLRQDO�%XUHDX�RI�6WDWLVWLFV��������DQG�WKH�XUEDQL]DWLRQ�UDWH�ULVLQJ�

IURP�����WR������1DWLRQDO�%XUHDX�RI�6WDWLVWLFV���������$W�WKH�VDPH�WLPH��ZLWK�WKH�UDSLG�

SULYDWL]DWLRQ� RI� WKH� KRXVLQJ�PDUNHW�� KRPHRZQHUVKLS� UDWHV� DPRQJ� XUEDQ� KRXVHKROGV�

FOLPEHG�VKDUSO\�IURP�����LQ�WKH�����V�WR�PRUH�WKDQ�����WRGD\��+XDQJ�HW�DO����������

ZKLFK�KDV�VLJQLILFDQWO\�LPSURYHG�DYHUDJH�KRXVLQJ�FRQGLWLRQV��)RU�LQVWDQFH��WKH�DYHUDJH�

IORRU�DUHD�SHU�FDSLWD�RI�XUEDQ�KRXVHKROGV�DOPRVW�WULSOHG��LQFUHDVLQJ�IURP���P��LQ������

WR����P��LQ�������+XDQJ�HW�DO����������<HW�WKLV�LQFUHDVHG�PDUNHWL]DWLRQ�KDV�OHG�WR�VRDULQJ�

KRXVH�SULFHV�DQG�WKXV�JURZLQJ�KRXVLQJ�LQHTXDOLW\� �+XDQJ�HW�DO���������+XDQJ�HW�DO���

�������ZKLFK�KDV� UHVKDSHG� WKH�&KLQHVH�XUEDQ� ODQGVFDSH�DQG�DIIHFWHG� WKH�KHDOWK�DQG�

ZHOO�EHLQJ�RI�XUEDQ�UHVLGHQWV��&KHQJ�HW�DO���������1LH�HW�DO����������7KH�UDSLG�HFRQRPLF�

GHYHORSPHQW�� WKHUHIRUH�� KDV� QRW� EHHQ� DFFRPSDQLHG� E\� HTXDOO\� VXEVWDQWLDO�

LPSURYHPHQWV�LQ�KHDOWK��%DHWHQ�HW�DO���������-LDQJ�	�=KDQJ���������  

'HULYLQJ�D�FOHDU�XQGHUVWDQGLQJ�RI�KRZ�SRRU�KRXVLQJ�FRQGLWLRQV�DIIHFW�KHDOWK�LQ�VXFK�

FRQWH[WV��KRZHYHU��LV�PHWKRGRORJLFDOO\�FKDOOHQJLQJ�EHFDXVH�ZKHUHDV�VWXGLHV�EDVHG�RQ�

VPDOO�VFDOH� LQWHUYHQWLRQV� PD\� ODFN� H[WHUQDO� YDOLGLW\�� ODUJH� GDWDVHWV� WKDW�

FRPSUHKHQVLYHO\� PHDVXUH� PXOWLGLPHQVLRQDO� KRXVLQJ� FRQGLWLRQV� DUH� JHQHUDOO\�

XQDYDLODEOH� �3DODFLRV� HW� DO��� ������� )XUWKHU� FRPSOLFDWLQJ� WKH� LVVXH�� KRXVLQJ�

LPSURYHPHQWV� RIWHQ� DFFRPSDQ\� HFRQRPLF� JURZWK� DQG� VRFLDO�ZHOIDUH� FKDQJHV� �H�J���

KHDOWK�FDUH�SURJUDP�LPSOHPHQWDWLRQ���ZKRVH�HIIHFWV�RQ�KHDOWK�RXWFRPHV�DUH�GLIILFXOW�WR�

GLVHQWDQJOH� IURP� KRXVLQJ�UHODWHG� LPSDFWV��$GGLWLRQDOO\�� WKH� RXWFRPHV� PD\� DOVR� EH�

VXEMHFW� WR� VHOI�VHOHFWLRQ� ELDV� LI� WKRVH�ZLWK� EHWWHU� KHDOWK� HQMR\� EHWWHU� VRFLRHFRQRPLF�

FRQGLWLRQV��ZKLFK�DUH�LQ�WXUQ�UHODWHG�WR�EHWWHU�KRXVLQJ��  

2XU�VWXG\�WKXV�FRQWULEXWHV�WR�WKH�UHVHDUFK�RQ�WKH�KRXVLQJ�KHDOWK�UHODWLRQ�LQ�VHYHUDO�ZD\V��

)LUVW�� E\� XVLQJ� D� JHQHUDOL]HG� GLIIHUHQFH�LQ�GLIIHUHQFHV� �','�� DSSURDFK�� LW� SURYLGHV�

FDXVDO�HYLGHQFH�RQ�WKH�HIIHFWV�RI�KRXVLQJ�FRQGLWLRQV�RQ�KHDOWK��6HFRQG��E\�IRFXVLQJ�RQ�

PXOWLGLPHQVLRQDO�KRXVLQJ�FRQGLWLRQV��ERWK�LQWHUQDO�DQG�H[WHUQDO��DV�ZHOO�DV�VXEMHFWLYH�

DQG� REMHFWLYH� KHDOWK� RXWFRPHV�� LW� SDLQWV� D� IDU� EURDGHU� SLFWXUH� RI� WKH� KRXVLQJ�KHDOWK�

QH[XV��7KLUG��XQOLNH�SULRU�VWXGLHV�WKDW�PRVWO\�LQYHVWLJDWH�KRXVLQJ¶V�WUDQVLWRU\�RU�VKRUW�

UXQ�LPSDFWV�RQ�KHDOWK��LW�XVHV�ORQJLWXGLQDO�&+16�GDWD�WR�DVVHVV�ERWK�VKRUW��DQG�ORQJ�
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WHUP� HIIHFWV�� )RXUWK�� E\� XVLQJ� WKH� VRFLRGHPRJUDSKLF� FKDUDFWHULVWLFV� RI� DJH�� LQFRPH��

HGXFDWLRQ��DQG�UHJLRQ�WR�H[SORUH�WKH�KHWHURJHQHRXV�HIIHFWV�RI�KRXVLQJ�LPSURYHPHQWV�RQ�

KHDOWK��LW�RIIHUV�XVHIXO�JXLGDQFH�RQ�SROLFLHV�WR�DPHOLRUDWH�ERWK�SRRU�KRXVLQJ�FRQGLWLRQV�

DQG� KHDOWK�� /DVWO\�� E\� LQFOXGLQJ� LQGLYLGXDO� PDFURQXWULHQWV� DQG� KHDOWK�DIIHFWLQJ�

EHKDYLRUV��L�H���SK\VLFDO�LQDFWLYLW\��VOHHS�GHSULYDWLRQ��VPRNLQJ��DQG�DOFRKRO�LQWDNH���LW�

JRHV�EH\RQG�D� VROH� IRFXV� RQ�KRXVLQJ¶V� LPSDFW� RQ�KHDOWK� WR� H[DPLQH� WKH� XQGHUO\LQJ�

PHFKDQLVPV� RI� WKLV� HIIHFW�� ,Q� GRLQJ� VR�� LW� SURYLGHV� XVHIXO� LQVLJKWV� LQWR� WKH� OLQNDJH�

EHWZHHQ��LPSURYHG��KRXVLQJ�FRQGLWLRQV�DQG�KHDOWK�LQ�GHYHORSLQJ�HFRQRPLHV� 

7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���GRFXPHQWV�&KLQD¶V�XUEDQ�

KRXVLQJ�UHIRUP�DQG�UHYLHZV�WKH�UHOHYDQW�OLWHUDWXUH�RQ�WKH�KRXVLQJ�KHDOWK�OLQN��6HFWLRQ�

��GHVFULEHV�WKH�GDWDVHWV�DQG�HPSLULFDO�VWUDWHJ\��DIWHU�ZKLFK�6HFWLRQ���UHSRUWV�WKH�UHVXOWV��

6HFWLRQ���FRQFOXGHV�WKH�SDSHU�ZLWK�D�GLVFXVVLRQ�RI�WKH�KRXVLQJ�KHDOWK�UHODWLRQ�DQG�WKHLU�

SROLF\�LPSOLFDWLRQV� 

2. Institutional background and relevant literature 

2.1 &KLQD¶V�XUEDQ�KRXVLQJ�UHIRUP 

%HWZHHQ� LWV� IRXQGLQJ� LQ� ����� DQG� WKH� ����V�� WKH� 3HRSOH¶V� 5HSXEOLF� RI� &KLQD�

DGPLQLVWHUHG�D�SXUSRUWHGO\�ZHOIDUH�RULHQWHG�KRXVLQJ�VFKHPH�LQ�ZKLFK�XUEDQ�UHVLGHQWV�

í� HPSOR\HG� SULPDULO\� LQ� WKH� SXEOLF� VHFWRU� ±�ZHUH� DOORFDWHG� ORZ�UHQW� GZHOOLQJ� XQLWV�

EDVHG�RQ�UDQN�DQG�RU�VHQLRULW\��&KHQ�HW�DO�������D��+XDQJ�HW�DO���������/L�HW�DO���������

:DQJ�	�0XULH�� �������7KLV�KRXVLQJ� V\VWHP��KRZHYHU�� SURGXFHG�P\ULDG�XQLQWHQGHG�

SUREOHPV��LQFOXGLQJ�KHDY\�ILVFDO�DQG�PDQDJHPHQW�EXUGHQV�RQ�JRYHUQPHQW��SRRU�OLYLQJ�

HQYLURQPHQWV��FRUUXSWLRQ��DQG�LQHTXDOLW\�LQ�KRXVLQJ�GLVWULEXWLRQ��&KHQ�HW�DO�������D��

:DQJ�	�0XULH���������,Q�SDUWLFXODU��EHFDXVH�WKH�UHQWV�IDLOHG�WR�FRYHU�WKH�FRVW�RI�EDVLF�

PDLQWHQDQFH��LQFHQWLYHV�IRU�KRXVLQJ�LQYHVWPHQW�DQG�LPSURYHPHQW�ZHUH�PLQLPDO��&KHQ�

HW� DO��� ����D��� UHVXOWLQJ� LQ� FRQWLQXRXVO\� GHWHULRUDWLQJ� OLYLQJ� FRQGLWLRQV� �&KHQ� HW� DO���

����D��/L�HW�DO��������� 

<HW� GHVSLWH� LQLWLDWLQJ� D� PDUNHW� HFRQRP\� LQ� ������ &KLQD� GLG� QRW� EHJLQ� SURJUHVVLYH�

KRXVLQJ�UHIRUP�XQWLO�D�GHFDGH�ODWHU��DQG�GUDPDWLF�FKDQJHV�WRZDUG�KRXVLQJ�PDUNHWL]DWLRQ�
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DQG�FRPPHUFLDOL]DWLRQ��:DQJ�	�0XULH��������GLG�QRW�RFFXU�XQWLO�WKH�ZHOIDUH�KRXVLQJ�

SURYLVLRQ� WHUPLQDWHG� LQ� ����� �&KHQ� HW� DO��� ����D�� +XDQJ� HW� DO��� �������$IWHU� WKDW��

HPSOR\HUV�ZHUH�SURKLELWHG�IURP�EXLOGLQJ�RU�SURYLGLQJ�KRXVLQJ�IRU�WKHLU�HPSOR\HHV��DQG�

XUEDQ� UHVLGHQWV� KDG� WR� SXUFKDVH� HLWKHU� SXEOLF� KRXVHV� IURP� WKHLU� ZRUN� XQLWV� RU�

FRPPHUFLDO�KRXVHV�RQ�WKH�PDUNHW��7KXV��&KLQD¶V�KRXVLQJ�PDUNHW�WUDQVIRUPHG�IURP�D�

ZHOIDUH�RULHQWHG�SXEOLF�KRXVLQJ�V\VWHP�WR�D�PDUNHW�RULHQWHG�FRPPHUFLDO�RQH��&KHQ�HW�

DO�������D��/L�HW�DO����������  

$ORQJ� ZLWK� KRXVLQJ� SULYDWL]DWLRQ� UHIRUP�� XUEDQLWHV¶� OLYLQJ� FRQGLWLRQV� LPSURYHG�

GUDPDWLFDOO\��&KHQ�HW�DO�������D���ZLWK�SHU�FDSLWD�UHVLGHQWLDO�IORRU�VSDFH�LQFUHDVLQJ�IURP�

�P��LQ�����V�WR���P��LQ������DQG���P��LQ�������+XDQJ�HW�DO���������1DWLRQDO�%XUHDX�

RI� 6WDWLVWLFV�� ������� 7KH� ������ RI� XUEDQ� KRXVHKROGV� WKDW� ZHUH� OLYLQJ� LQ� FROOHFWLYH�

GRUPLWRULHV�ZLWK�VKDUHG�EDWKURRPV�DQG�NLWFKHQV�LQ������GHFUHDVHG�VKDUSO\�E\������WR�

����DQG�WKHQ�WR�����LQ�������&KHQ�HW�DO�������D���/LYLQJ�FRQGLWLRQV�VXFK�DV�D�EDWKURRP�

ZLWK� VKRZHU�� IOXVKLQJ� WRLOHWV�� D� KHDWHU�� DQG� FOHDQ� FRRNLQJ� IXHOV� DOVR� LPSURYHG�

VLJQLILFDQWO\�IURP������WR�������&KHQ�HW�DO�������D���1RQHWKHOHVV��VXFK�UDSLG�KRXVLQJ�

UHIRUP�DOVR�WULJJHUHG�D�SUREOHP�RI�KRXVLQJ�DIIRUGDELOLW\��HVSHFLDOO\�LQ�XUEDQ�&KLQD��/L�

HW�DO����������ZKHUH�VRDULQJ�SULFHV�LQ�ILUVW�WLHU�FLWLHV�OLNH�%HLMLQJ�EHJDQ�KDPSHULQJ�WKH�

SXUFKDVH�RI�GHFHQW�KRXVLQJ��/L�HW�DO����������+HQFH��DOWKRXJK�DYHUDJH�OLYLQJ�FRQGLWLRQV�

LPSURYHG� DORQJVLGH� KRXVLQJ� UHIRUP�� KRXVLQJ� LQHTXDOLWLHV� ZLWKLQ� DQG� EHWZHHQ�

JHQHUDWLRQV��DV�ZHOO�DV�DPRQJ�GLIIHUHQW�VRFLRHFRQRPLF�JURXSV��ZRUVHQHG��+XDQJ�HW�DO���

�������  

2.2 /LWHUDWXUH�UHYLHZ 

$V�SDUW�RI� WKH�ODUJH�ERG\�RI�OLWHUDWXUH�DVVHVVLQJ� WKH�HIIHFWV�RI�KRXVLQJ�FRQGLWLRQV�RQ�

KHDOWK�LQ�:HVWHUQ�FRXQWULHV��0DUVK�HW�DO���������VKRZ�WKDW�LQ�WKH�8.��PXOWLSOH�KRXVLQJ�

GHSULYDWLRQ�í�LQFOXGLQJ�QR�DFFHVV�WR�KRW�ZDWHU��RYHUFURZGLQJ��DQG�ODFN�RI�DQ�LQGRRU�

WRLOHW��EDWK��JDUGHQ��RU�\DUG�í�LV�VLJQLILFDQWO\�OLQNHG�WR�D�KLJKHU�OLNHOLKRRG�RI�LOO�KHDOWK��

7KLV� ILQGLQJ� LV� HFKRHG� E\� 3HYDOLQ� HW� DO�� �������� ZKR� DVVRFLDWH� DQ� LQFUHDVH� LQ� VXFK�

KRXVLQJ�SUREOHPV�DV�GDUNQHVV��ODFN�RI�DGHTXDWH�KHDWLQJ�IDFLOLWLHV��FRQGHQVDWLRQ��OHDN\�

URRIV��GDPSQHVV��DQG�URWWLQJ�ZLQGRZ�IUDPHV�RU�IORRUV�ZLWK�D�KLJKHU�QXPEHU�RI�UHSRUWHG�
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KHDOWK�SUREOHPV��6LPLODUO\��1DYDUUR�HW�DO���������FRUUHODWH�SRRU�KRXVLQJ�FRQGLWLRQV�OLNH�

QR� KRW� UXQQLQJ�ZDWHU� DQG� KHDWLQJ�� OHDN\� URRIV�� GDPSQHVV�� DQG� RYHUFURZGLQJ�ZLWK� D�

KLJKHU� SUREDELOLW\� RI� EHLQJ� XQKHDOWK\� DPRQJ�6SDQLVK� UHVLGHQWV��7KLV� REVHUYDWLRQ� LV�

IXUWKHU�FRQILUPHG�E\�$QJHO�DQG�%LWWVFKL���������ZKR�GRFXPHQW�WKDW�ORZ�OHYHO�KRXVLQJ�

FRQGLWLRQV�OLNH�RYHUFURZGLQJ�DQG�LQVXIILFLHQW�KHDWLQJ�FRQWULEXWH�WR�DQ�LQFUHDVH�LQ�WKH�

SUREDELOLW\�RI�SRRU� VHOI�UHSRUWHG�KHDOWK� �65+�� DQG�FKURQLF�GLVHDVHV� LQ����(XURSHDQ�

FRXQWULHV��$�UHFHQW�VWXG\�IRU�*HUPDQ\�OLNHZLVH�VKRZV�WKDW�LQGLYLGXDOV�OLYLQJ�LQ�SRRU�

KRXVLQJ�FRQGLWLRQV�DUH�PRUH�OLNHO\�WR�UHSRUW�ZRUVH�PHQWDO�DQG�SK\VLFDO�KHDOWK��DQG�YLVLW�

WKH�GRFWRU�PRUH�RIWHQ��3DODFLRV�HW�DO����������6XFK�HYLGHQFH�RI�WKH�GHWULPHQWDO�KHDOWK�

HIIHFWV�RI�SRRU�KRXVLQJ�FRQGLWLRQV�LV�IXUWKHU�UHLQIRUFHG�E\�VHYHUDO�VWXGLHV�IRU�WKH�86�

�-DFRE�HW�DO���������.DW]�HW�DO���������.OLQJ�HW�DO���������/XGZLJ�HW�DO����������$XVWUDOLD�

�%DNHU�HW�DO���������0DVRQ�HW�DO���������0RUULV���������DQG�1HZ�=HDODQG��+RZGHQ�

&KDSPDQ�HW�DO���������.HDOO�HW�DO����������  

,Q�WKH�FRQWH[W�RI�&KLQD��KRZHYHU��HYLGHQFH�IRU�KRXVLQJ�DQG�KHDOWK�RXWFRPHV�LV�UHODWLYHO\�

VSDUVH��2QH�H[FHSWLRQ�LV�WKH�ZRUN�RI�:DQ�DQG�6X���������ZKR�XVH������GLVWULFW�OHYHO�

GDWD� IURP� 6KHQ]KHQ� WR� FRQVWUXFW� D� FRPSRVLWH� KRXVLQJ� GHSULYDWLRQ� LQGH[� WKDW�

HQFRPSDVVHV� LQWHUQDO� IDFLOLWLHV�� OLYLQJ� VSDFH�� SK\VLFDO� IRUP� DQG� VWUXFWXUH�� DWWDFKHG�

IDFLOLWLHV�� DIILOLDWHG� QDWXUDO� DPHQLWLHV�� DQG� DIIRUGDELOLW\�� 7KHVH� DXWKRUV� LGHQWLI\� D�

VLJQLILFDQW� UROH� IRU� KRXVLQJ� GHSULYDWLRQ� LQ� WKH� GHYHORSPHQW� RI� FDUGLRSDWK\�� FKURQLF�

SQHXPRQLD��DQG� OLYHU�FDQFHU��6LPLODUO\��GUDZLQJ�RQ�GDWD� IURP� WKH�����±�����&KLQD�

+HDOWK�DQG�5HWLUHPHQW�/RQJLWXGLQDO�6WXG\��1LH�HW�DO���������VKRZ�WKDW�KRXVLQJ�SRYHUW\�

�ERWK�LQ�TXDQWLW\�DQG�TXDOLW\��LV�UHODWHG�WR�D�GHFOLQH�LQ�KHDOWK\�DJLQJ��$GGLWLRQDOO\��:DQJ�

HW�DO����������LQ�DQ�DQDO\VLV�RI������&KLQD�)DPLO\�3DQHO�6WXG\�GDWD��GRFXPHQW�D�OLQN�

EHWZHHQ� EHWWHU� KRXVLQJ� FRQGLWLRQV� DQG� LPSURYHG� SK\VLFDO� �%0,� DQG� GDLO\� DFWLYLW\�

OLPLWDWLRQV�� DQG�65+��2WKHU�ZRUN� DOVR�KLJKOLJKWV� WKH�SRVLWLYH� HIIHFW� RI�EHWWHU�ZDWHU�

TXDOLW\� RQ� 65+� �/HL� 	� /LQ�� ������� DQG� WKH� GHWULPHQWDO� LPSDFW� RI� ODFN� RXWGRRU�

QHLJKERUKRRG�IDFLOLWLHV�DQG�QRLVH�SROOXWLRQ�OHYHOV�RQ�PHQWDO�KHDOWK��6KHQ�HW�DO��������� 

6HYHUDO� DVSHFWV� RI� WKLV� SULRU� UHVHDUFK�� KRZHYHU�� DUH�ZRUWK� HPSKDVL]LQJ�� )LUVW��PRVW�

VWXGLHV�RULJLQDWH�LQ�GHYHORSHG�UHJLRQV��HVSHFLDOO\�(XURSH�DQG�WKH�86��ZKHUHDV�HYLGHQFH�
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IRU� WKH� KRXVLQJ�KHDOWK� UHODWLRQ� LQ� &KLQD� LV� YHU\� OLPLWHG�� $OVR� VFDUFH� LV� HPSLULFDO�

HYLGHQFH�RQ�WKH�SRWHQWLDOO\�GHWULPHQWDO�LPSDFW�RQ�KHDOWK�RXWFRPHV�RI�ERWK�LQWHUQDO�DQG�

H[WHUQDO�KRXVLQJ�FRQGLWLRQV��6HFRQG��QRW�RQO\�GR�H[LVWLQJ�VWXGLHV�FRPH�PRVWO\�IURP�WKH�

ILHOGV�RI�HSLGHPLRORJ\��PHGLFLQH��DQG�HQYLURQPHQWDO�KHDOWK��EXW�PRVW�DGRSW�D�FURVV�

VHFWLRQDO�GHVLJQ��UHQGHULQJ�D�FDXVDO�LQWHUSUHWDWLRQ�LPSRVVLEOH��7KLUG��WKH�ILQGLQJV�IURP�

VPDOO�VFDOH� H[SHULPHQWV� VXFK� DV� WKRVH� FRQGXFWHG� LQ� LQGLYLGXDO� FLWLHV� DUH� GLIILFXOW� WR�

JHQHUDOL]H�� )RXUWK�� OLWWOH� LV� NQRZQ� DERXW� HLWKHU� WKH� ORQJ�WHUP� LPSDFWV� RI� KRXVLQJ�

FRQGLWLRQV� RQ� KHDOWK� RXWFRPHV� RU� WKH� SRWHQWLDO�PHFKDQLVPV� WKURXJK�ZKLFK� KRXVLQJ�

FRQGLWLRQV�RSHUDWH�RQ�KHDOWK�LQ�&KLQD��)LQDOO\��DOWKRXJK�LW�PD\�VHHP�VHOI�HYLGHQW�WKDW�

LPSURYLQJ�KRXVLQJ�FRQGLWLRQV�VKRXOG�OHDG�WR�EHWWHU�KHDOWK�RXWFRPHV��FXUUHQW�HYLGHQFH�

IURP� LQWHUYHQWLRQ� VWXGLHV� VXJJHVWV� RQO\� VPDOO� RU� XQFOHDU� KHDOWK� LPSURYHPHQWV�

�7KRPVRQ�	�7KRPDV���������+HQFH��D�QHHG�UHPDLQV�IRU�IXUWKHU�LQYHVWLJDWLRQ�WKDW�XVHV�

ODUJH� VDPSOH�PLFUR�GDWD� �7KRPVRQ�	�7KRPDV�� ������ WR� HVWLPDWH� WKH� GRVH�UHVSRQVH�

HIIHFW�RI�LPSURYHG�KRXVLQJ�FRQGLWLRQV��7KRPVRQ�HW�DO����������  

7KH�DERYH�DVSHFWV�PDWFK�H[DFWO\�WR�WKLV�VWXG\¶V�FRQWULEXWLRQV��1RW�RQO\�LV�LW�RQH�RI�WKH�

ILUVW�WR�DQDO\]H�WKH�FDXVDO�UHODWLRQ�EHWZHHQ�KRXVLQJ�FRQGLWLRQV�DQG�KHDOWK�LQ�&KLQD��LW�

DOVR�H[SORLWV�WKH�ORQJLWXGLQDO�QDWXUH�RI�WKH�ODUJH�VDPSOH�GDWD�WR�VKHG�OLJKW�RQ�KRXVLQJ¶V�

VKRUW��DQG�ORQJ�WHUP�HIIHFWV�RQ�KHDOWK��,W�DOVR�H[SORUHV�WKH�XQGHUO\LQJ�SDWKZD\V�WKURXJK�

ZKLFK�KRXVLQJ�FRQGLWLRQV�LPSDFW�KHDOWK��  

3. Data and methods 

3.1 'DWD�DQG�VWXG\�SRSXODWLRQ 

2XU�DQDO\VLV�LV�EDVHG�RQ�GDWD�IURP�VHYHQ�ZDYHV�RI�WKH�&+16��������������������������

������ ������ DQG� ����� 1�� WKDW� FDSWXUH� D� UDQJH� RI� VRFLDO�� HFRQRPLF�� DQG� KHDOWK�

FKDUDFWHULVWLFV��=KDR�HW�DO���������IRU�UHVLGHQWV� LQ�QLQH�&KLQHVH�SURYLQFHV��/LDRQLQJ��

+HLORQJMLDQJ��-LDQJVX��6KDQGRQJ��+HQDQ��+XEHL��+XQDQ��*XDQJ[L�DQG�*XL]KRX���7KH�

VXUYH\�DGRSWV�D�PXOWLVWDJH�UDQGRP�FOXVWHU�VDPSOLQJ�PHWKRG��EDVHG�RQ�GLIIHUHQW�LQFRPH�

OHYHOV�DQG�ZHLJKWHG�VDPSOLQJ��WKDW�IROORZV�WZR�VWHSV��)LUVW��DIWHU�UDQGRPO\�VHOHFWLQJ�
                                                        
1� :H�H[FOXGH�WKH������ZDYH�IRU�FRYHULQJ�RQO\�DJHV�������DQG�WKH������DQG������ZDYHV�IRU�XQDYDLODELOLW\�RI�65+�
GDWD� 
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IRXU� FRXQWLHV� DQG� WZR� FLWLHV� ZLWKLQ� HDFK� SURYLQFH�� WKH� &+16� UDQGRPO\� LGHQWLILHV�

YLOODJHV�DQG�WRZQV�LQ�HDFK�FRXQW\��DQG�XUEDQ�DQG�VXEXUEDQ�UHJLRQV�LQ�HDFK�FLW\��7KHQ��

XVLQJ�WKH�FRPPXQLW\�DV�WKH�SULPDU\�VDPSOLQJ�XQLW��LW�VHOHFWV����KRXVHKROGV�IURP�HDFK�

FRPPXQLW\��7KH�GDWD�WKXV�SURYLGH�D�EURDG�FRYHUDJH�RI�WKH�&KLQHVH�SRSXODWLRQ¶V�VRFLDO��

HFRQRPLF��DQG�KHDOWK�VLWXDWLRQ�RYHU�ERWK�VSDFH�DQG�WLPH��=KDQJ�HW�DO����������  

:H� UHVWULFW� RXU� VDPSOH� WR� DGXOW� XUEDQ� UHVLGHQWV� DJHG� ��� RU� RYHU� IRU�ZKRP�GHWDLOHG�

GHPRJUDSKLF�� VRFLRHFRQRPLF�� OLYLQJ� FRQGLWLRQ�� DQG� DQWKURSRPHWULF� LQIRUPDWLRQ� LV�

DYDLODEOH��ZLWK�SUHJQDQW�ZRPHQ�H[FOXGHG��7R�PDNH�IXOO�XVH�RI�WKH�&+16�SDQHO�GDWD��

ZH� UHWDLQ� UHVSRQGHQWV� LQWHUYLHZHG� LQ� DW� OHDVW� WZR� VXUYH\� ZDYHV�� $IWHU� GURSSLQJ�

REVHUYDWLRQV�ZLWK�PLVVLQJ�LQIRUPDWLRQ�RQ�KHDOWK�RXWFRPHV��KRXVLQJ�FRQGLWLRQV��DQG�DQ\�

RI� RXU� FRQWURO� YDULDEOHV�� ZH� PHHW� ','� UHTXLUHPHQWV2�� E\� UHVWULFWLQJ� WKH� VDPSOH� WR�

UHVSRQGHQWV� ZKR� KDG� H[SHULHQFHG� QR� GHILQHG� WUHDWPHQW� RI� KRXVLQJ� FRQGLWLRQ�

LPSURYHPHQW� �L�H��� ZHUH� XQWUHDWHG�� ZKHQ� WKH� VXUYH\� EHJDQ�� 7KH� UHVXOWLQJ� VDPSOH�

FRQWDLQV� ������� LQGLYLGXDO� REVHUYDWLRQV� IRU� 65+�� ������ IRU� JHQHUDO� RYHUZHLJKW� RU�

REHVLW\��������IRU�FHQWUDO�REHVLW\�3� DQG��������IRU�KDYLQJ�EHHQ�LQMXUHG�RU�VLFN�LQ�WKH���

ZHHNV�SUHFHGLQJ�LQWHUYLHZ��  

3.2 +HDOWK�RXWFRPHV 

$V�RXU�PDLQ�KHDOWK�SUR[\�RI�KHDOWK��ZH�VHOHFW�65+�IRU�LWV�EURDG�FRYHUDJH�RI�QRW�RQO\�

PHQWDO�DQG�SK\VLFDO�KHDOWK��EXW�DOVR�LQGLYLGXDO�VDWLVIDFWLRQ�ZLWK�KHDOWK��WKH�VXEMHFWLYH�

H[SHULHQFH�RI�DFXWH�DQG�FKURQLF�GLVHDVHV��DQG�RYHUDOO�ZHOOEHLQJ��;LH�	�0R���������$V�

LPSRUWDQW��65+�LV�YHU\�FORVHO\�DVVRFLDWHG�ZLWK�RWKHU�KHDOWK�LQGLFDWRUV�DQG�LV�DQ�HYHQ�

VWURQJHU�SUHGLFWRU�RI�PRUWDOLW\�WKDQ�SK\VLFLDQ�DVVHVVHG�KHDOWK��0RVVH\�	�6KDSLUR��������

9DQ� GH� 3RHO� HW� DO��� ������� ,Q� WKH� &+16� GDWD�� WKH� 65+� YDULDEOH� KDV� IRXU� UHVSRQVH�

FDWHJRULHV��SRRU��IDLU��JRRG��DQG�H[FHOOHQW���ZKLFK�ZH�FRQYHUW�LQWR�D�ELQDU\�EDG�KHDOWK�

GXPP\���� �IDLU�SRRU���� �H[FHOOHQW�JRRG��4 

                                                        
2� :H�DOVR�GURS�D�VPDOO�QXPEHU�RI�UHVSRQGHQWV�ZKRVH�KRXVLQJ�FRQGLWLRQV�ZHQW�IURP�JRRG��WUHDWHG��WR�EDG��XQWUHDWHG��
LQ�RXU�','�DQDO\VLV� 
3� &HQWUDO�REHVLW\�EDVHG�RQ�ZDLVW�FLUFXPIHUHQFH�LV�RQO\�DYDLODEOH�IURP������RQZDUG� 
4� 7KH������ZDYH�XVHV�ILYH�65+�FDWHJRULHV��9HU\�EDG��EDG��IDLU��JRRG��DQG�YHU\�JRRG��ZKLFK�ZH�FRQYHUW�LQWR�WKH�
ELQDU\�EDG�KHDOWK�GXPP\��� �IDLU�EDG�YHU\�EDG���� �JRRG�YHU\�JRRG� 
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,Q� RXU� UREXVWQHVV� FKHFNV��ZH� IXUWKHU� LQFOXGH� VHOI�UHSRUWHG� LQMXU\� RU� VLFNQHVV� �L�H��� D�

FKURQLF�RU�DFXWH�GLVHDVH��ZLWKLQ�WKH���ZHHNV�SUHYLRXV�WR�LQWHUYLHZ���� �\HV���� �QR�5�

DQG� WZR� REMHFWLYH� KHDOWK� PHDVXUHV�� %0,�EDVHG� JHQHUDO� RYHUZHLJKW� RU� REHVLW\� DQG�

FHQWUDO� REHVLW\�� DV�PHDVXUHG� E\� FLUFXPIHUHQFH� RI�ZDLVW� �&:��6�� 2XU� XVH� RI� FOLQLFDO�

PHDVXUHV�RI�LQGLYLGXDO�ZHLJKW��KHLJKW��DQG�&:�LV�DQ�DGYDQWDJH�LQ�WKDW�WKH\�HOLPLQDWH�

DQ\� UHSRUWLQJ� ELDVHV� LQKHUHQW� LQ� VHOI�UHSRUWHG�ZHLJKW� DQG� KHLJKW� �1LH� HW� DO��� ����D��

����E��6KLHOGV�HW�DO����������ZKLFK�WHQG�WR�XQGHUHVWLPDWH�REHVLW\��%XUNKDXVHU�	�&DZOH\��

������ 

3.3 0HDVXUH�RI�KRXVLQJ�FRQGLWLRQV 

7R�FRPSUHKHQVLYHO\�H[DPLQH�WKH�HIIHFWV�RI�KRXVLQJ�FRQGLWLRQV�RQ�KHDOWK��ZH�DGGUHVV�

ERWK� LQWHUQDO�DQG�H[WHUQDO�KRXVLQJ�FRQGLWLRQV��PHDVXULQJ� WKH�ILUVW�E\�D�VHW�RI�ELQDU\�

YDULDEOHV�IRU�WKH�SUHVHQFH�RI�WDS�ZDWHU��DQ�LQGRRU�IOXVKLQJ�WRLOHW��FOHDQ�FRRNLQJ�IXHOV��

DQG�DQ�RUGLQDO�YDULDEOH�IRU�WKH�QXPEHU�RI�KRXVHKROG�HOHFWULFDO�DSSOLDQFHV��ZKLFK�DUH�

UHODWHG�WR�D�FRQYHQLHQW�DQG�KHDOWK\�OLIH��,QRXH�HW�DO���������0RN\U��������7� )RU�H[WHUQDO�

KRXVLQJ�FRQGLWLRQV��ZH�XVH�D�FRPPXQLW\�OHYHO�GXPP\�YDULDEOH�IRU��QR��H[FUHWD�DURXQG�

WKH�GZHOOLQJV� DQG� WZR� LQGH[HV� IRU�KHDOWK� LQIUDVWUXFWXUH� DQG� WUDGLWLRQDO�PDUNHWV��7KH�

KHDOWK�LQIUDVWUXFWXUH�LQGH[�HYDOXDWHV�WKH�DYDLODELOLW\��W\SH��SUR[LPLW\��DQG�TXDOLW\�RI�D�

SULYDWH��FLW\��RU�GLVWULFW�KRVSLWDO�DQG�WKH�QXPEHU�RI�SKDUPDFLHV�LQ�WKH�FRPPXQLW\��-RQHV�

6PLWK�	�3RSNLQ���������7KH�KLJKHU�WKH�LQGH[��WKH�JUHDWHU�WKH�DFFHVV�WR�KHDOWK�IDFLOLWLHV�

DQG�PHGLFLQHV��7KH� WUDGLWLRQDO�PDUNHW� LQGH[� LV�EDVHG�RQ� WKH�SUHVHQFH� DQG�RSHUDWLQJ�

KRXUV� IRU�QLQH� W\SHV�RI�PDUNHWV� �JUDLQV��RLO��PHDW��YHJHWDEOHV�� ILVK��EHDQ�FXUG��PLON��

IDEULF��DQG�IXHO��LQ�RU�QHDUE\�WKH�FRPPXQLW\��-RQHV�6PLWK�	�3RSNLQ���������7KH�KLJKHU�

WKH�LQGH[��WKH�EHWWHU�WKH�FRQGLWLRQ�RI�WKH�FRPPXQLW\¶V�WUDGLWLRQDO�PDUNHW��  

                                                        
5� 6HOI�UHSRUWHG�LQMXU\�RU�VLFNQHVV�LV�PHDVXUHG�E\�WZR�TXHVWLRQV��³'XULQJ�WKH�SDVW���ZHHNV��KDYH�\RX�EHHQ�VLFN�RU�
LQMXUHG"´�DQG�³+DYH�\RX�VXIIHUHG�IURP�D�FKURQLF�RU�DFXWH�GLVHDVH"´�7KH�FKURQLF�RU�DFXWH�GLVHDVH�YDULDEOH�FRYHUV�
IHYHU�� VRUH� WKURDW�� FRXJK�� GLDUUKHD�� VWRPDFK� DFKH�� DVWKPD�� KHDGDFKH�� GL]]LQHVV�� MRLQW� SDLQ�� PXVFOH� SDLQ�� UDVK��
GHUPDWLWLV��H\H�RU�HDU�GLVHDVH��KHDUW�GLVHDVH�RU�FKHVW�SDLQ��DQG�RWKHU�QRQFRPPXQLFDEOH�GLVHDVHV� 
6� *HQHUDO�RYHUZHLJKW�RU�REHVLW\��UHSUHVHQWHG�E\�D�%0,�RI����NJ�P��RU�RYHU��DQG�FHQWUDO�REHVLW\��&:�ı� ���FP�IRU�
PHQ�DQG�&:�ı� ���FP�IRU�ZRPHQ��DUH�DVVHVVHG�DFFRUGLQJ�WR�WKH�FULWHULD�RI�WKH�:RUNLQJ�*URXS�RQ�2EHVLW\�LQ�&KLQD�
�=KRX�	� WKH�&RRSHUDWLYH�0HWD�DQDO\VLV�*URXS�RI�:RUNLQJ�*URXS�RQ�2EHVLW\� LQ�&KLQD���������:H�FRQVLGHU� WKH�
RYHUZHLJKW�REHVH�DV�RQH�JURXS��JLYHQ� WKH�UHODWLYHO\� ORZHU�SUHYDOHQFH�RI�JHQHUDO�REHVLW\��GHILQHG� LQ� WKH�&KLQHVH�
FRQWH[W�DV�D�%0,�RI����NJ�P��RU�RYHU���7KHVH�ZHLJKW�FULWHULD�DUH�GLIIHUHQW�IURP�WKRVH�IRU�:HVWHUQHUV��ZKR�KDYH�D�
ORZHU�SHUFHQWDJH�RI�ERG\�IDW�WKDQ�&KLQHVH�ZLWK�WKH�VDPH�%0,��IRU�H[DPSOH��&KRR�������� 
7� (OHFWULFDO�DSSOLDQFHV�FRPSULVH�ZDVKLQJ�PDFKLQHV��DLU�FRQGLWLRQHUV��HOHFWULF�IDQV��UHIULJHUDWRUV��PLFURZDYH�RYHQV��
HOHFWULF�FRRNLQJ�SRWV��VHZLQJ�PDFKLQHV��FRORU�WHOHYLVLRQV��DQG�FDPHUDV� 
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:H� WKHQ� FRQVWUXFW� D� FRPSRVLWH� KRXVLQJ� FRQGLWLRQV� LQGH[� E\� DSSO\LQJ� D� SULQFLSOH�

FRPSRQHQW�DQDO\VLV��3&$��WR�WKHVH�YDULDEOHV�RI�LQWHUQDO�DQG�H[WHUQDO�KRXVHKROG�OLYLQJ�

FRQGLWLRQV�IURP�WKH�SRROHG�&+16�DFURVV�DOO�VXUYH\�ZDYHV��UHI��9DQ�GH�3RHO�HW�DO���������

:DQ�	�6X��������8� +LJKHU�YDOXHV�RQ�WKLV�LQGH[�LQGLFDWH�EHWWHU�KRXVLQJ�FRQGLWLRQV��7R�

YHULI\�LQGH[�YDOLGLW\��ZH�DOVR�FDOFXODWH�LWV�FRUUHODWLRQ�WR�HDFK�LQGLYLGXDO�YDULDEOH��ZKLFK�

FRQILUPV�LWV�VLJQLILFDQW�UHODWLRQ�WR�DOO�RXU�KRXVLQJ�FRQGLWLRQ�LQGLFDWRUV��VHH�7DEOH�$���

FROXPQ�����  

$V�LQ�9DQ�GH�3RHO�HW�DO����������ZH�GHILQH�WKH�WUHDWPHQW�DV�LPSURYHG�KRXVLQJ�FRQGLWLRQV�

LQGLFDWHG�E\�D�FKDQJH�LQ�UDQN�RQ�WKH�FRPSRVLWH�LQGH[��6SHFLILFDOO\��ZH�XVH�WKH�PHGLDQ�

RI� WKH� LQGH[�GLVWULEXWLRQ�DFURVV� WKH�SRROHG�GDWD�DV� WKH�FXWRII� WR�GHILQH� WKH� WUHDWPHQW�

JURXS�� GHILQHG� KHUH� DV� UHVSRQGHQWV�ZKR� H[SHULHQFH� D� VKLIW� LQ� WKH� KRXVLQJ� FRQGLWLRQ�

LQGH[�IURP�WKH�ERWWRP�KDOI�WR�WKH�XSSHU�KDOI�RI�WKH�GLVWULEXWLRQ��&RQYHUVHO\��WKH�FRQWURO�

JURXS�FRPSULVHV�WKRVH�ZKRVH�KRXVLQJ�FRQGLWLRQ�LQGH[�YDOXH�UHPDLQV�LQ�WKH�ERWWRP�KDOI�

RI� WKH�GLVWULEXWLRQ� DFURVV� DOO�ZDYHV�� ,Q�RXU�','�DQDO\VLV��ZH� UHWDLQ�RQO\� WKRVH�ZLWK�

KRXVLQJ�FRQGLWLRQV�EHORZ�WKH�GLVWULEXWLRQ�PHGLDQ�ZKHQ�ILUVW�LQWHUYLHZHG��WKDW�LV��WKRVH�

ZKR�DUH�XQWUHDWHG�RQ�ILUVW�HQWHULQJ�WKH�VXUYH\�ZDYH��9DQ�GH�3RHO�HW�DO����������(YHU\�

UHVSRQGHQW�FDQ�WKXV�HLWKHU�VWDUW�EHORZ�WKH�PHGLDQ�DQG�HQG�DERYH�LW��WUHDWPHQW�JURXS��RU�

UHPDLQ� EHORZ� WKH�PHGLDQ� �FRQWURO� JURXS���8VLQJ� WKLV� VKLIW� LQ� GLVWULEXWLRQDO� UDQNLQJ�

DFURVV�DOO�ZDYHV�DOORZV�XV�WR� WUDFN�HYHQ�JUDGXDO�FKDQJHV� LQ�KRXVLQJ�FRQGLWLRQV�RYHU�

WLPH��  

,Q�DGGLWLRQ�WR�WKLV�ELQDU\�WUHDWPHQW��ZH�DOVR�H[SORUH�KHWHURJHQHRXV�KHDOWK�HIIHFWV�IRU�

GLIIHUHQW�LQWHQVLWLHV�RI�KRXVLQJ�LPSURYHPHQW�E\�UHGHILQLQJ�WKH�WUHDWPHQW�YDULDEOH�RQ�WKH�

IROORZLQJ���SRLQW�VFDOH���� �UHVSRQGHQWV�ZKRVH�KRXVLQJ�FRQGLWLRQ�LQGH[�VWD\V�EHORZ�

WKH�PHGLDQ�LQ�DOO�ZDYHV���� �UHVSRQGHQWV�ZKRVH�KRXVLQJ�FRQGLWLRQ�LQGH[�PRYHV�IURP�

WKH�ERWWRP�KDOI�WR�WKH�WKLUG�TXDUWLOH�LQ�DQ\�VXEVHTXHQW�ZDYHV��DQG��� �UHVSRQGHQWV�ZKRVH�

KRXVLQJ� FRQGLWLRQ� LQGH[� PRYHV� IURP� WKH� ERWWRP� KDOI� WR� WKH� XSSHU� TXDUWLOH� LQ� DQ\�

VXEVHTXHQW�ZDYHV��)LQDOO\��WR�DYRLG�DQ�DUELWUDU\�FKRLFH�RI�FXWRII��ZH�FRS\�SUHYLRXV�','�

                                                        
8� %HFDXVH�WKH�LQWHUQDO�DQG�H[WHUQDO�KRXVLQJ�FRQGLWLRQV�YDULDEOHV�DUH�ELQDU\��RUGLQDO��RU�FRQWLQXRXV��ZH�SHUIRUP�D�
SRO\FKRULF�FRUUHODWLRQ�PDWUL[�WKDW�LV�PRUH�IOH[LEOH�IRU�GLIIHUHQW�W\SHV�RI�YDULDEOHV� 
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HVWLPDWLRQV��H�J��&KHQ�HW�DO�������E��-XKiV]��������LQ�XVLQJ�WKH�KRXVLQJ�FRQGLWLRQ�LQGH[�

GLUHFWO\�DV�D�FRQWLQXRXV�WUHDWPHQW�WR�GHWHFW�KRXVLQJ¶V�HIIHFW�RQ�KHDOWK��  

3.4 &RQWURO�YDULDEOHV 

2XU� PRGHOV� FRQWURO� IRU� WKH� LQGLYLGXDO� DQG� KRXVHKROG� KHDOWK�UHODWHG� FKDUDFWHULVWLFV�

�$SRXH\�	�&ODUN��������0RODULXV�HW�DO���������WKDW�DUH�LPSRUWDQW�WR�VDWLVI\LQJ�WKH�','�

HVWLPDWLRQ¶V� FRQGLWLRQDO� SDUDOOHO� WUHQG� DVVXPSWLRQ��7KH� LQGLYLGXDO� GHPRJUDSKLF� DQG�

VRFLRHFRQRPLF�YDULDEOHV�DUH�JHQGHU���� �PDOH���� �IHPDOH���DJH�JURXS���� ���������� �

������� DQG� ��  � ������ PDULWDO� VWDWXV� ���  � VLQJOH�� ��  � PDUULHG�� DQG� ��  �

GLYRUFHG�ZLGRZHG�VHSDUDWHG��� HGXFDWLRQ� ���  � ORZ�� LOOLWHUDWH�� ��  � PHGLXP��

SULPDU\�PLGGOH� VFKRRO�� DQG� ��  � KLJK�� KLJK� VFKRRO�WHFKQLFDO�YRFDWLRQDO�

VFKRRO�XQLYHUVLW\�RU�KLJKHU���DQG�D�GXPP\�IRU�ZRUNLQJ�VWDWXV���� �\HV���� �QR���7KH�

KRXVHKROG�FKDUDFWHULVWLFV�DUH�KRXVHKROG�VL]H�DQG�SHU�FDSLWD�DQQXDO�KRXVHKROG�LQFRPH�

LQIODWHG�WR������DQG�ORJ�WUDQVIRUPHG�WR�FDSWXUH�DQ\�QRQOLQHDULWLHV�LQ�WKH�KHDOWK�LQFRPH�

UHODWLRQ��(WWQHU������� 

3.5 0HFKDQLVP�YDULDEOHV� �  

7R�H[SORUH�SRWHQWLDO�PHFKDQLVPV�WKURXJK�ZKLFK�KRXVLQJ�FRQGLWLRQV�RSHUDWH�RQ�KHDOWK��

ZH�LQWURGXFH�LQGLYLGXDO�PDFURQXWULHQWV9� DQG�KHDOWK�DIIHFWLQJ�EHKDYLRUV�10� 7KH�IRUPHU�

DUH�ORZ�FDUERQ�LQWDNH���� �����J�GD\����RWKHUZLVH���)HQJ�HW�DO����������KLJK�IDW�LQWDNH�

��� �ı��J�GD\����RWKHUZLVH���9DQ�GH�3RHO�HW�DO����������DQG�ORZ�SURWHLQ�LQWDNH���� �

���J�GD\�IRU�PDOHV����J�GD\�IRU�IHPDOHV����RWKHUZLVH���)HQJ�HW�DO����������7KH�ODWWHU�

LQFOXGH� SK\VLFDO� LQDFWLYLW\� ���  � ]HUR� SDUWLFLSDWLRQ� LQ� VXFK� DFWLYLWLHV� DV�PDUWLDO� DUWV��

J\PQDVWLFV��GDQFLQJ��DFUREDWLFV��WUDFN�DQG�ILHOG�VZLPPLQJ��VRFFHU��EDVNHWEDOO��RU��WDEOH��

WHQQLV����RWKHUZLVH���VOHHS�GHSULYDWLRQ���� �VOHHSV�����KRXUV�GD\����RWKHUZLVH���,UZLQ�HW�

DO����������VPRNLQJ���� �\HV���� �QR���DQG�DOFRKRO�XVH���� �\HV���� �QR�� 

                                                        
9� 7KH�&+16�DVVHVVHV�LQGLYLGXDO�GLHWDU\�LQWDNH�EDVHG�RQ����KRXU�UHFDOO�RYHU�WKH�VDPH���FRQVHFXWLYH�GD\V��LQFOXGLQJ�
DOO�IRRG�FRQVXPHG�DZD\�IURP�DQG�LQ�WKH�KRPH�RQ�HDFK�RI�WKHVH�GD\V��+H�HW�DO��������� 
10� 0DFURQXWULHQW�GDWD�DUH�XQDYDLODEOH�IRU�������SK\VLFDO�LQDFWLYLW\�LQIRUPDWLRQ�LV�DYDLODEOH�IURP������RQZDUG��DQG�
VOHHS�GHSULYDWLRQ�GDWD�IURP������RQZDUG��  
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3.6 0HWKRGV 

3.6.1 *HQHUDOL]HG�',' 

/LQHDU�','�� 7R� HVWLPDWH� WKH� HIIHFWV� RI� LPSURYHG� KRXVLQJ� FRQGLWLRQV� RQ� KHDOWK�� ZH�

HPSOR\� D� TXDVL�H[SHULPHQWDO� JHQHUDOL]HG� ','� DSSURDFK 11�WKDW� OHYHUDJHV� WKH� SDQHO�

YDULDWLRQV� LQ� KRXVLQJ� FRQGLWLRQV� RYHU� WLPH�� ,Q� RXU� FDVH�� WKLV� HVWLPDWLRQ� VWUDWHJ\�

FRPSDUHV� WKH� FKDQJHV� LQ� EDG� 65+� IRU� LQGLYLGXDOV� ZKR� KDYH� H[SHULHQFHG� KRXVLQJ�

LPSURYHPHQWV��WUHDWPHQW�JURXS��YHUVXV�WKRVH�ZLWK�QR�VXFK�H[SHULHQFH��FRQWURO�JURXS���

6SHFLILFDOO\��ZH�DSSO\�D�','�HVWLPDWLRQ�EDVHG�RQ�WKH�IROORZLQJ�OLQHDU�PRGHO� 

� � � � � � � � � � � � ௧ݕ ൌ ߙ  ௧ܫܥܪߚ  ௧ܺߠ  ߛ  ௧ߣ  �௧ߝ � � � � � � � � � � � � � � � � � � � � ��� 

ZKHUH� �௧ݕ LV�LQGLYLGXDO� ݅¶V�EDG�KHDOWK�RXWFRPH�DW�WLPH�W�� �௧ܫܥܪ LV�D�ELQDU\�YDULDEOH�

HTXDO�WR���LI�LQGLYLGXDO� ݅� H[SHULHQFHV�KRXVLQJ�LPSURYHPHQW�DW�WLPH�W��DQG���RWKHUZLVH��

,Q�WKH�OLQHDU�UHJUHVVLRQ�PRGHO�� �ߚ GHQRWHV�WKH�WUHDWPHQW�HIIHFWV�RI�KRXVLQJ�FRQGLWLRQ�

LPSURYHPHQW�RQ�KHDOWK��7R�HQVXUH�WKDW�RXU�','�HVWLPDWLRQV�VDWLVI\�WKH�DVVXPSWLRQ�WKDW�

DEVHQW� WUHDWPHQW�� KHDOWK� RXWFRPH� WUHQGV� DUH� SDUDOOHO� IRU� ERWK� WUHDWPHQW� DQG� FRQWURO�

JURXS�RQFH�D�VHW�RI�FRQIRXQGHUV�LV�FRQWUROOHG�IRU��&DOODZD\�	�6DQW¶$QQD�������12��ZH�

DOVR� LQWURGXFH� UHOHYDQW� KHDOWK�UHODWHG� FRYDULDWHV�� 7KH� ILUVW�� UHSUHVHQWHG� E\� ܺ௧ǡ�� LV�

LQGLYLGXDO�DQG�KRXVHKROG�VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��WR�ZKLFK�ZH�DGG�LQGLYLGXDO�

IL[HG�HIIHFWV� �ߛ WR�FRQWURO�DQ\�SUHH[LVWLQJ�WLPH�LQYDULDQW�LQGLYLGXDO�IDFWRUV��*LYHQ�WKDW�

DOO�&+16� UHVSRQGHQWV� OLYH� LQ� WKH� VDPH� FRPPXQLW\� GXULQJ� WKH� VXUYH\� \HDU�� ��ߛ DOVR�

FDSWXUHV�FHUWDLQ�WLPH�LQYDULDQW�FRPPXQLW\�OHYHO�IDFWRUV�WKDW�LQIOXHQFH�WKH�GLIIHUHQFHV�

LQ� KHDOWK� RXWFRPH� EHWZHHQ� WKH� WUHDWPHQW� DQG� FRQWURO� JURXSV��$� WKLUG� FRYDULDWH�� ���௧ߣ

FDSWXUHV�FRPPRQ�WUHQGV�LQ�KHDOWK�RXWFRPH�DFURVV�ZDYHV�VKDUHG�E\�ERWK�JURXSV��/DVWO\��

��௧ߝ LV� DQ� HUURU� WHUP� WKDW� ZH� FOXVWHU� DW� WKH� LQGLYLGXDO� OHYHO� WR� DGMXVW� IRU� LQGLYLGXDO�

KHWHURVFHGDVWLFLW\� DQG� FRUUHODWLRQ� 13�� %HFDXVH� WKH� PRGHO� LQFOXGHV� LQGLYLGXDO� IL[HG�

                                                        
11� 8QOLNH�WKH�WUDGLWLRQDO�','�LQFOXVLRQ�RI�WZR�JURXSV��FRQWURO�YV��WUHDWPHQW��DQG�WZR�SHULRGV��SUH��YV��SRVWWUHDWPHQW���
RXU�HVWLPDWHV�FRYHU�PXOWLSOH�SHULRGV�DQG�YDU\LQJ�WUHDWPHQW�WLPLQJ��:H�WKXV�XVH�D�JHQHUDOL]HG�','�PRGHO�IRU�SDQHO�
GDWD��RQH�WKDW�LQFOXGHV�ERWK�LQGLYLGXDO�DQG�WLPH�IL[HG�HIIHFWV��  
12� 7KH�SDUDOOHO� WUHQGV� DVVXPSWLRQ�SRWHQWLDOO\�KROGV�RQO\� DIWHU� FRQGLWLRQLQJ�RQ�REVHUYHG� FRYDULDWHV� �&DOODZD\�	�
6DQW¶$QQD���������  
13� $V�D�UREXVWQHVV�FKHFN��ZH�DOVR�FOXVWHU�VWDQGDUG�HUURUV�DW� WKH�FRPPXQLW\� OHYHO��ZKLFK�\LHOGV�VLPLODU� UHVXOWV� WR�
FOXVWHULQJ�DW�WKH�LQGLYLGXDO�OHYHO� 
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HIIHFWV��ZH�DUH�XQDEOH� WR�SURYLGH�HVWLPDWHG�FRHIILFLHQWV� IRU� LQGLYLGXDO� WLPH�LQYDULDQW�

YDULDEOHV� VXFK� DV� JHQGHU�� ZKLFK� LV� QRQHWKHOHVV� DQ� LPSRUWDQW� GHWHUPLQDQW� RI� KHDOWK�

�3HYDOLQ�HW�DO���������5HJLW]�=DJURVHN���������:H�WKXV�UHSRUW�RXU�UHVXOWV�XVLQJ�QRW�RQO\�

WKH�IXOO�VDPSOH�EXW�DOVR�VXEVDPSOHV�E\�JHQGHU�� �  

1RQOLQHDU�','��)ROORZLQJ�9DQ�GH�3RHO�HW�DO����������ZH�H[SORUH�WKH�WUHDWPHQW�HIIHFWV�

RI�KRXVLQJ�LPSURYHPHQWV�RQ�KHDOWK�XVLQJ�D�QRQOLQHDU�','�ORJLW�PRGHO� 

� � � � � � � � � � � ௧ݕ ൌ ͳሺߙ  ௧ܫܥܪߚ  ௧ܺߠ  ߛ  ௧ߣ  ௧ߝ  Ͳሻ� � � � � � � � � � � � � � � � ��� 

ZKHUH� ͳሺxሻ� LV�DQ�LQGLFDWRU�IXQFWLRQ��YDULDEOHV�DUH�GHILQHG�DV�LQ�HTXDWLRQ������DQG�WKH�

HUURU�WHUP� �௧ߝ LV�DVVXPHG�WR�EH�GUDZQ�IURP�WKH�ORJLVWLF�GLVWULEXWLRQ��  

%DVHG�RQ�HTXDWLRQ������ZH�GHILQH�WKH�WUHDWPHQW�HIIHFW�RI�KRXVLQJ�LPSURYHPHQW�RQ�WKH�

WUHDWPHQW�JURXS��7(��DW�WLPH�RI�WUHDWPHQW�DV�IROORZV��3XKDQL��������:RROGULGJH������E�� 

� אǡ௧்אܧܶ ൌ Ȧ൫ߙ  ߚ  ߠ ்ܺאǡ௧א  ்אߛ  ൯א௧ߣ െ Ȧ൫ߙ  ߠ ்ܺאǡ௧א  ்אߛ  �൯א௧ߣ � � � � ��� 

ZKHUH� Ȧሺxሻ�� LV� WKH� ORJLVWLF� FXPXODWLYH� GLVWULEXWLRQ� IXQFWLRQ�� ݅ א ܶ�� GHQRWHV� WKH�

LQGLYLGXDO�LQ�WKH�WUHDWPHQW�JURXS��DQG� ݐ א ܲ� LQGLFDWHV�D�SDUWLFXODU�ZDYH�LQ�WKH�SRVW�

WUHDWPHQW�SHULRG��(TXDWLRQ�����WKXV�HVWLPDWHV�WKH�SDUWLDO�HIIHFWV�RI� �ܫܥܪ HYDOXDWHG�IRU�

WKH� LQGLYLGXDO�H[SHULHQFLQJ� LPSURYHG�KRXVLQJ� LQ�D�SRVW�WUHDWPHQW�SHULRG��)ROORZLQJ�

9DQ�GH�3RHO�HW�DO���������DQG�:RROGULGJH������E���ZH�FDOFXODWH�WKH�DYHUDJH�WUHDWPHQW�

HIIHFW�RQ� WKH� WUHDWHG��$77��E\�DYHUDJLQJ�7(�RYHU� LQGLYLGXDOV� LQ� WKH� WUHDWPHQW�JURXS�

ZLWKLQ�WKH�WUHDWPHQW�SHULRG��  

3.6.2 (YHQW�VWXG\ 

7KH�YDOLGLW\�RI�RXU�','�DSSURDFK�UHOLHV�RQ�WKH��FRQGLWLRQDO��SDUDOOHO�WUHQG�DVVXPSWLRQ�

RI� QR� VLJQLILFDQW� SUHWUHDWPHQW� GLIIHUHQFHV� LQ� KHDOWK� FKDQJHV� EHWZHHQ� WUHDWPHQW� DQG�

FRQWURO�JURXSV�RQFH�ZH�FRQWURO� IRU�FRQIRXQGHUV��%HFDXVH� LQ� WKLV� FRQWH[W� WKH�FRQWURO�

JURXS� FDQ� VHUYH� DV� D� FRXQWHUIDFWXDO�� $OWKRXJK� GLUHFW� WHVWLQJ� RI� WKLV� LGHQWLILFDWLRQ�

DVVXPSWLRQ� LV� SUREOHPDWLF� 14�� FRPPRQ� SUHH[LVWLQJ� WUHQGV� LQ� KHDOWK� RXWFRPHV� LV�

                                                        
14� :H�FDQQRW�WHVW�WKH�SDUDOOHO�WUHQGV�DVVXPSWLRQ�EHFDXVH�QR�FRXQWHUIDFWXDO�H[LVWV�IRU�WKH�WUHDWPHQW�JURXS�IROORZLQJ�
WUHDWPHQW� 
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VXSSRUWDEOH�IRU� WKLV� LGHQWLILFDWLRQ�DVVXPSWLRQ��+HQFH��ZH�WHVW�SUHWUHDWPHQW� WUHQGV�E\�

HVWLPDWLQJ�\HDU�ZLVH�FKDQJHV�LQ�WKH�KRXVLQJ�FRQGLWLRQ¶V�HIIHFW�RQ�KHDOWK�LQ�SUH�DQG�SRVW�

WUHDWPHQW��ZKLFK� DOVR� IDFLOLWDWHV� WKH� H[SORUDWLRQ� RI� ORQJ�WHUP� WUHDWPHQW� HIIHFWV��2XU�

PRGHO�IRU�WKH�HYHQW�VWXG\�LV�DV�IROORZV��  

� � � � � � � � � � � ௧ݕ ൌ ߙ  σ ߚ

ୀିହ ܮ  σ ߚ

ୀ ܦ  ܺ௧ߠ  ߤ  ௧ߟ  �௧ݑ � � � � ��� 

ZKHUH� ܺ௧� LV�FRQWUROOHG�LQGLYLGXDO�DQG�KRXVHKROG�YDULDEOHV�� �ߤ DQG� �௧ߟ DUH�LQGLYLGXDO�

DQG�WLPH�IL[HG�HIIHFWV��UHVSHFWLYHO\�� �௧ݑ LV�DQ�XQREVHUYHG�HUURU�WHUP��DQG� �ܮ DQG� �ܦ

DUH� WKH� ODJV� DQG� OHDGV� WR� WKH� WLPH� H[SRVHG� WR� WUHDWPHQW�� ,Q� RXU� VDPSOH�� ݆ ൌ

െͷǡെͶǡ െ͵ǡെʹ�� DQG� ݇ ൌ Ͳǡ ͳǡ ʹǡ ͵ǡ Ͷ��� UHVSHFWLYHO\�� UHSUHVHQW� WKH� ݆�� ZDYH� SULRU� WR�

KRXVLQJ�LPSURYHPHQW�WUHDWPHQW�LQ�WKH�WUHDWPHQW�JURXS�DQG�WKH� ݇� ZDYH�IROORZLQJ�VXFK�

WUHDWPHQW��7KH�RPLWWHG��UHIHUHQFH��JURXS�LV�WKH�ILUVW�ZDYH�SULRU�WR�WKH�WUHDWPHQW�WLPH��

WKDW�LV�� ݆ ൌ െͳ�15�  

4. Main results 

4.1 6XPPDU\�VWDWLVWLFV 

$V�WKH�VXPPDU\�VWDWLVWLFV�VKRZ��VHH�7DEOH�����DQ�DYHUDJH�������RI�UHVSRQGHQWV�LQ�WKH�

IXOO�VDPSOH�UHSRUWHG�IDLU�RU�EDG�65+��ZLWK�WKH�SURSRUWLRQ�EHLQJ�ODUJHU�IRU�IHPDOHV�WKDQ�

PDOHV�� 7KLV� JHQGHU� GLIIHUHQFH� DOVR� PDQLIHVWV� LQ� WKH� IUDFWLRQV� IRU� JHQHUDO�

RYHUZHLJKW�REHVLW\�� FHQWUDO� REHVLW\�� DQG� VLFNQHVV� RU� LQMXU\� LQ� WKH� SUHYLRXV� ��ZHHNV��

5HJDUGLQJ� KRXVLQJ� FRQGLWLRQV�� ������� ������� ������� DQG� ������ RI� KRXVHKROGV��

UHVSHFWLYHO\�� KDYH� WDS�ZDWHU�� DQ� LQGRRU� IOXVKLQJ� WRLOHW�� FOHDQ� FRRNLQJ� IXHOV�� DQG� QR�

H[FUHWD�DURXQG�WKH�GZHOOLQJV��$W�WKH�VDPH�WLPH��DQ�LQFUHDVLQJ�WUHQG�LQ�WKH�FRPSRVLWH�

KRXVLQJ�FRQGLWLRQV�LQGH[�IURP������WR�������VHH�)LJXUH����LQGLFDWHV�VXEVWDQWLDO�KRXVLQJ�

LPSURYHPHQWV�IRU�&KLQHVH�XUEDQ�UHVLGHQWV�RYHU�WKLV�SHULRG� 

 
 
 

                                                        
15�� *LYHQ� WKH� UHODWLYHO\� VPDOO� VDPSOH� VL]H��ZH� FRPELQH� ݆ ൌ െͷ�� DQG� ݆ ൌ െ�� DV� ݆ ൌ െͷ��� ݇ ൌ Ͷ�� DQG� ݇ ൌ ͷ�� DV�

݇ ൌ Ͷ� WR�LQFUHDVH�HVWLPDWLRQ�SRZHU� 
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7DEOH���6XPPDU\�VWDWLVWLFV�  
 )XOO�VDPSOH  )HPDOH�   0DOH�  0HDQ 

GLIIHUHQFHV�   0HDQ 6' 2EV�  0HDQ�   0HDQ�  
+HDOWK�PHDVXUHV         
� � %DG�VHOI�UHSRUWHG�KHDOWK���� �\HV���� �QR� ����� ����� �����  �����  ����� ����� 
� � %0,��NJ�P�� ������ ����� ����  ������  ������ ����� 
� � *HQHUDO�RYHUZHLJKW�REHVLW\���� �\HV���� �QR� ����� ����� ����  �����  ����� ����� 
� � :DLVW�FLUFXPIHUHQFH��FP� ������ ������ ����  ������  ������ ������ 
� � &HQWUDO�REHVLW\���� �\HV���� �QR� ����� ����� ����  �����  ����� ����� 
� � 6LFNQHVV�RU�LQMXU\�LQ�WKH�SUHYLRXV���ZHHNV���� �\HV���� �QR� ����� ����� �����  �����  ����� ����� 
� +RXVLQJ�SRYHUW\�PHDVXUHV         
,QGRRU�WDS�ZDWHU���� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 
,QGRRU�IOXVKLQJ�WRLOHW���� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 
&OHDQ�FRRNLQJ�IXHOV���� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 
1R�H[FUHWD�DURXQG�GZHOOLQJV���� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 

� � 1XPEHU�RI�HOHFWULFDO�DSSOLDQFHV������ ����� ����� �����  �����  ����� ������ 
� � &RPPXQLW\�KHDOWK�LQIUDVWUXFWXUH�LQGH[������� ����� ����� �����  �����  ����� ������ 
� � 7UDGLWLRQDO�PDUNHW�LQGH[������� ����� ����� �����  �����  ����� ������ 
� � &RPSRVLWH�KRXVLQJ�FRQGLWLRQ�LQGH[ ������ ����� �����  ������  ������ ������ 
� 'HPRJUDSKLFV�DQG�VRFLRHFRQRPLFV         
� � *HQGHU���� �PDOH���� �IHPDOH� ����� ����� �����      
� � $JH��LQ�\HDUV� ������ ������ �����  ������  ������ ����� 

����� ����� ����� �����  �����  ����� ������ 
����� ����� ����� �����  �����  ����� ����� 
��� ����� ����� �����  �����  ����� ����� 

0DULWDO�VWDWXV��          
6LQJOH�  ����� ����� �����  �����  ����� ������ 
0DUULHG�  ����� ����� �����  �����  ����� ������ 
'LYRUFHG�ZLGRZHG�VHSDUDWHG ����� ����� �����  �����  ����� ����� 

(GXFDWLRQ�OHYHO��          
/RZ ����� ����� �����  �����  ����� ����� 
0HGLXP�  ����� ����� �����  �����  ����� ������ 
+LJK ����� ����� �����  �����  ����� ������ 

:RUNLQJ�VWDWXV���� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 
� � /RJJHG�SHU�FDSLWD�KRXVHKROG�LQFRPH ����� ����� �����  �����  ����� ������ 
� � +RXVHKROG�VL]H ����� ����� �����  �����  ����� ������ 
� +HDOWK�EHKDYLRUV�DQG�QXWULWLRQ         
� � 6PRNLQJ��� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 
� � $OFRKRO�XVH��� �\HV���� �QR� ����� ����� �����  �����  ����� ������ 
� � 6SRUWV�UHODWHG�SK\VLFDO�LQDFWLYLW\��� �\HV���� �QR� ����� ����� ����  �����  ����� ����� 
� � /RZ�FDUERQ�LQWDNH���� �\HV���� �QR� ����� ����� ����  �����  ����� ����� 
� � +LJK�IDW�LQWDNH���� �\HV���� �QR� ����� ����� ����  �����  ����� ������ 
� � /RZ�SURWHLQ�LQWDNH��� �\HV���� �QR� ����� ����� ����  �����  ����� ������ 
� � 6OHHS�WLPH��KRXUV�GD\� ����� ����� ����  �����  ����� ����� 

1RWHV�� )RU� ������ 65+� LV� GHILQHG� DV� ��  � YHU\� JRRG�JRRG�� ��  � IDLU�EDG�YHU\� EDG�� JHQHUDO�
RYHUZHLJKW�REHVLW\�DV�%0,ı��NJ�P���DQG�FHQWUDO�REHVLW\�DV�ZDLVW�FLUFXPIHUHQFHı���IRU�IHPDOHV�DQG
ı���IRU�PDOHV��=KRX�	�WKH�&RRSHUDWLYH�0HWD�DQDO\VLV�*URXS�RI�:RUNLQJ�*URXS�RQ�2EHVLW\�LQ�&KLQD��
�������7KH�KHDOWK�LQIUDVWUXFWXUH�LQGH[�HYDOXDWHV�WKH�DYDLODELOLW\��W\SH��SUR[LPLW\��DQG�TXDOLW\�RI�D�SULYDWH��
FLW\��RU�GLVWULFW�KRVSLWDO�DQG�WKH�QXPEHU�RI�SKDUPDFLHV�LQ�WKH�FRPPXQLW\��7KH�WUDGLWLRQDO�PDUNHWV�LQGH[�
LQGLFDWHV�WKH�SUHVHQFH�DQG�RSHUDWLQJ�KRXUV�IRU�QLQH�W\SHV�RI�PDUNHWV��JUDLQV��RLO��PHDW��YHJHWDEOHV��ILVK��
EHDQ�FXUG��PLON��IDEULF��DQG�IXHO��LQ�RU�QHDU�WKH�FRPPXQLW\��7KH�KLJKHU�WKHVH�KRXVLQJ�UHODWHG�LQGLFHV��WKH�
EHWWHU� DQG� PRUH� FRQYHQLHQW� WKH� KRXVLQJ�� (GXFDWLRQ� OHYHO� LV� UDQNHG� DV� ORZ� �LOOLWHUDWH��� PHGLXP�
�SULPDU\�PLGGOH�VFKRRO���RU�KLJK��KLJK�VFKRRO�WHFKQLFDO�YRFDWLRQDO�VFKRRO�XQLYHUVLW\�RU�KLJKHU���7KH�SHU�
FDSLWD� KRXVHKROG� LQFRPH� LV� LQIODWHG� WR� ����� DQG� WKHQ� WUDQVODWHG� WR� ORJ� IRUP�� 6SRUWV�UHODWHG� SK\VLFDO�
SDUWLFLSDWLRQ� HQFRPSDVVHV� PDUWLDO� DUWV�� J\PQDVWLFV�� GDQFLQJ�� DFUREDWLFV�� UXQQLQJ�� VZLPPLQJ�� VRFFHU��
EDVNHWEDOO���WDEOH��WHQQLV��EDGPLQWRQ��DQG�YROOH\EDOO� 
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)LJXUH���&RPSRVLWH�KRXVLQJ�FRQGLWLRQ�LQGH[�E\�ZDYH��&+16������������ 

 

:KHQ�ZH�OLVW�WKH�PHDQ�LQGLYLGXDO�DQG�KRXVHKROG�KHDOWK�GHWHUPLQDQWV�E\�ZDYH�IRU�ERWK�

WKH�WUHDWPHQW�DQG�FRQWURO�JURXS��VHH�7DEOH�$����KRZHYHU��FOHDU�LQWHUJURXS�GLIIHUHQFHV�

HPHUJH��7UHDWHG�LQGLYLGXDOV�QRW�RQO\�KDYH�D�KLJKHU�OLNHOLKRRG�RI�EHLQJ�PDUULHG��KLJKO\�

HGXFDWHG��DQG�HPSOR\HG��EXW�DOVR�D�KLJKHU�KRXVHKROG�LQFRPH��:H�FRXOG�WKXV�HOLPLQDWH�

VXFK� GLVFUHSDQFLHV�� ZKLFK� PD\� YLRODWH� WKH� SDUDOOHO� WUHQG� DVVXPSWLRQ�� LQ� WKH� ','�

HVWLPDWHV�E\�LQFOXGLQJ�FRQWUROV�IRU� WKHVH�FRYDULDWHV��$GGLWLRQDOO\�� WUHDWHG�LQGLYLGXDOV�

DOVR�FRQVLVWHQWO\�HQMR\�VLJQLILFDQWO\�EHWWHU�KRXVLQJ�FRQGLWLRQV�RQ�ERWK�WKH� LQGLYLGXDO�

DQG� FRPSRVLWH� PHDVXUHV�� VXJJHVWLQJ� WKDW� WKH� KRXVLQJ� FRQGLWLRQV� DQG� KRXVLQJ�

LPSURYHPHQW�WUHDWPHQW�LQFOXGHG�LQ�RXU�','�HVWLPDWLRQV�FOHDUO\�GLVWLQJXLVK�EHWZHHQ�WKH�

WZR�JURXSV��2YHUDOO��WKH�VXEVWDQWLDO�LPSURYHPHQW�RQ�WKH�FRPSRVLWH�KRXVLQJ�FRQGLWLRQ�

LQGH[�IURP�������LQ������WR������LQ������VKLIWHG 6,560 of the 11,232 (58%) individuals 

in our sample to the upper half of the index distribution.   

4.2 7KH�HIIHFW�RI�KRXVLQJ�LPSURYHPHQW�RQ�EDG�65+ 

This increase on the composite housing condition index from below to above the 

distribution median mirrors the average treatment effects of improved housing 



17 
 

conditions on the SRH of the treated. Whereas the specifications in the odd columns in 

Table 2 control only for individual and year fixed effects, those in the even columns 

also add in time-variant individual and household controls. Panels A and B show the 

DID results for the linear probability and logit models, respectively. Based on the 

significantly negative coefficients in Panel A, column 2, improving housing conditions 

decreases the probability of bad SRH by 3.7 percentage points, or 10% of the average 

rate (0.037/0.356 = 10%). However, such significant negative impacts occur mainly 

among females, which is consistent with prior evidence showing that poor housing 

conditions predominantly affect women (Pevalin et al., 2008; Vásquez-Vera et al., 

2022). 2QH�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�IHPDOHV��EHLQJ�PRUH�OLNHO\�WKDQ�PDOHV�WR�HQJDJH�

LQ�VXFK�KRXVHKROG�FKRUHV�DV�ODXQGU\��FRRNLQJ��DQG�VKRSSLQJ��&HUUDWR�	�&LIUH���������

EHQHILW�PRUH� IURP� VXFK� LPSURYHPHQWV� DV� FOHDQ� FRRNLQJ� IXHOV� DQG� LQGRRU� WDS�ZDWHU��

$QRWKHU�SRVVLELOLW\�LV�WKDW�IHPDOHV�LQ�GDPS�DQG�RYHUFURZGLQJ�KRXVLQJ�DUH�PRUH�OLNHO\�

WKDQ� PDOHV� WR� H[SHULHQFH� HPRWLRQDO� VWUDLQ� WKHUHE\� SRRU� PHQWDO� KHDOWK� �+RZGHQ�

&KDSPDQ���������  

The nonlinear DID results are similar to those in the Panel A linear estimations, 

confirming that our main results are robust to different specifications.16 Moreover, 

when we employ these same time-variant individual and household controls in our tests 

for housing improvement¶V� effects on health, the results are quite similar to those 

without such controls, suggesting that these characteristics exert a negligible influence 

on the treatment effects.17 

 
Table 2 Average treatment effects on the treated (ATT) of improved housing 

conditions on bad SRH 
 Full sample  Female  Male 
 (1) (2)  (3) (4)  (5) (6) 
Panel A: Linear probability DID model         
ATT of improved housing conditions  -0.040*** -0.037**  -0.063*** -0.062***  -0.015 -0.011 

                                                        
16� 7KH�VDPSOH�VL]H�IRU�WKH�QRQOLQHDU�','�ORJLW�HVWLPDWLRQV�LV�VPDOOHU�EHFDXVH�WKH�IL[HG�HIIHFWV�ORJLW�PRGHO�RQO\�
XVHV�REVHUYDWLRQV�ZLWK�YDULDWLRQV�LQ�WKH�GHSHQGHQW�YDULDEOH�GXULQJ�WKH�VXUYH\�SHULRGV� 
17� :KHQ�ZH�FOXVWHU�VWDQGDUG�HUURUV�DW�WKH�FRPPXQLW\�OHYHO��WKH�UHVXOWV�UHPDLQ�VLPLODU�WR�WKRVH�LQ�7DEOH����0RUHRYHU��
ZH� FRQWURO� IRU� FRPPXQLW\� WLPH�YDULDQW� XQREVHUYHG� IDFWRUV� E\� UH�HVWLPDWLQJ� HTXDWLRQ� ����ZLWK� WKH� LQWHUDFWLRQ�RI�
FRPPXQLW\�,'�DQG�ZDYH�GXPPLHV�LQFOXGHG��DQG�WKH�PDJQLWXGH�RI�WKH�WUHDWPHQW�HIIHFWV�LV�QRW�RQO\�VLJQLILFDQW�EXW�
TXDQWLWDWLYHO\�ODUJHU�WKDQ�LQ�7DEOH��� 
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 (0.015) (0.015)  (0.020) (0.020)  (0.022) (0.022) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Adjusted R2 0.229 0.229  0.234 0.236  0.217 0.218 
N 11232 11232  5837 5837  5395 5395 
Panel B: Nonlinear logit DID model a 
ATT of improved housing conditions  -0.034** -0.037*  -0.059** -0.052**  -0.007 -0.007 
 (0.017) (0.019)  (0.024) (0.025)  (0.024) (0.030) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Pseudo R2 0.073 0.074  0.073 0.078  0.075 0.079 
N 6853 6853  3642 3642  3211 3211 

Notes: The time-variant individual and household controls include age group (0 = 18-34, 1 = 35-59, 2 = 
60+, 0 as the reference group), marital status (0 = never married, 1 = married, 2 = 
divorced/widowed/separated, 0 as the reference group), education (0 = low: illiterate, 1 = medium: 
primary/middle school, 2 = high: high school/technical/vocational or above, 0 as the reference group), 
working status (0 = no, 1 = yes), logged per capita household income, and household size. Standard errors 
clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 
a ATT calculated from fixed effects logit model is the partial effects of improved housing conditions for 
individuals who experience such improvement in the post-treatment period. 

4.3 '\QDPLF�HIIHFWV�RI�LPSURYHG�KRXVLQJ�FRQGLWLRQV�RQ�EDG�65+ 

7KH�HVWLPDWHG�FRHIILFLHQWV�IURP�WKH�HYHQW�VWXG\��VHH�)LJXUH����FDSWXUH�WKH�HIIHFWV�RI�WKH�

KRXVLQJ�LPSURYHPHQW�WUHDWPHQW�UHODWLYH�WR�WKH�SUHSUHDWPHQW�YDOXHV�IRU�WKH�ILUVW�ZDYH�

SLRU�WR�WKH�WUHDWPHQW��7ZR�NH\�ILQGLQJV�DUH�ZRUWK�HPSKDVL]LQJ��)LUVW��LQ�VXSSRUW�RI�WKH�

FRQGLWLRQDO�SDUDOOHO�WUHQGV�DVVXPSWLRQ��EHIRUH�WKH�WUHDWPHQW�RI�LPSURYHG�KRXVLQJ�WKHUH�

DUH�QR�VLJQLILFDQWO\�QHJDWLYHO\�GLIIHUHQFHV�EHWZHHQ�WKH�WUHDWHPHQW�DQG�FRQWURO�JURXSV��

FRQILUPLQJ�WKDW�WKH�WUHDWHG�DQG�FRQWURO�JURXSV�IROORZ�VLPLODU�WLPH�WUHQGV�RYHU�ZDYHV�

SULRU�WR�WUHDWPHQW��6HFRQG��WKH�UHVXOWV�LQGLFDWH�G\QDPLF�WUHDWPHQW�HIIHFWV�RI�WKH�KRXVLQJ�

FRQGLWLRQ�LPSURYHPHQWV��LQ�SDUWLFXODU��D�JUDGXDOO\�LQFUHDVLQJ�PDJQLWXGH�RI�WKH�DOUHDG\�

VWDWLVWLFDOO\�VLJQLILFDQW�QHJDWLYH�SRVW�WUHDWPHQW�FRHIILFLHQWV��HVSHFLDOO\�IROORZLQJ�LQLWLDO�

WUHDWPHQW�LQ�WKH�WKLUG�DQG�IRXUWK�ZDYHV��$FFRUGLQJ�WR�WKLV�ODWWHU��WKH�ORQJHU�LQGLYLGXDOV�

H[SHULHQFH�LPSURYHG�KRXVLQJ�FRQGLWLRQV��WKH�OHVV�OLNHO\�WKH\�DUH�WR�UHSRUW�EDG�KHDOWK��

LQGLFDWLQJ�WKDW�KRXVLQJ�FRQGLWLRQV�FDXVH�QRW�RQO\�WUDQVLHQW�EXW�DOVR�ORQJ�WHUP�HIIHFWV�RQ�

65+��  
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)LJXUH���7KH�G\QDPLF�HIIHFWV�RI�LPSURYHG�KRXVLQJ�FRQGLWLRQV�RQ�EDG�65+ 

4.4 5REXVWQHVV�FKHFNV 

2XU� UREXVWQHVV� FKHFNV� DGGUHVV� IRXU� LPSRUWDQW� HPSLULFDO� DVSHFWV�� WKH� ILUVW� LV� UHVXOWV�

YHULILFDWLRQ� YLD� LQWHQVLW\�� DQG� FRQWLQXLW\�EDVHG� UHGHILQLWLRQV� RI� WKH� KRXVLQJ�

LPSURYHPHQW�WUHDWPHQW��7KH�VHFRQG�LV�WKH�WUHDWPHQW�HIIHFW�RQ�D�VHW�RI�DOWHUQDWLYH�KHDOWK�

PHDVXUHV��LQFOXGLQJ�JHQHUDO�RYHUZHLJKW�REHVLW\��FHQWUDO�REHVLW\��DQG�LQMXU\�VLFNQHVV�LQ�

WKH�SULRU���ZHHNV��DQG�WKH�WKLUG�DVVHVVHV�WKH�YDOLGLW\�RI�WKH�','�VSHFLILFDWLRQ�E\�XVLQJ�

D� YDULHW\� RI� VWUDWHJLHV�� 7KH� ODVW� LV� SRWHQWLDO� LGHQWLILFDWLRQ� SUREOHPV�� VXFK� DV� WKH�

KRPRJHQRXV� WUHDWPHQW� DVVXPSWLRQ� LQ� WKH� WUDGLWLRQDO� 7:)(�� DGGUHVVHG� XVLQJ� GH�

&KDLVHPDUWLQ�DQG�'
+DXOWI°XLOOH��������KHWHURJHQHRXV�WZR�ZD\�IL[HG�HIIHFWV��7:)(��

PRGHO� 

4.4.1 (IIHFWV�RI�GLIIHUHQW�LQWHQVLWLHV�RI�KRXVLQJ�LPSURYHPHQW 

7R�H[SORUH�ZKHWKHU�KHDOWK�HIIHFWV�YDU\�ZLWK�WKH�LQWHQVLW\�RI�KRXVLQJ�LPSURYHPHQWV��ZH�

UHGHILQH�RXU�KRXVLQJ�LPSURYHPHQW�WUHDWPHQW�RQ�D���SRLQW�VFDOH�WKDW�SDUWLWLRQV�VPDOOHU�

DQG� ODUJHU�PRYHPHQWV� XS� WKH� KRXVLQJ� LPSURYHPHQW� LQGH[�GLVWULEXWLRQ�� �� � KRXVLQJ�

FRQGLWLRQ�LQGH[�VWD\V�EHORZ�WKH�PHGLDQ�LQ�DOO�ZDYHV���� �LQGH[�PRYHV�IURP�ERWWRP�KDOI�

WR� WKLUG�TXDUWLOH�LQ�DQ\�VXEVHTXHQW�ZDYHV��DQG��� �LQGH[�PRYHV�IURP�ERWWRP�KDOI� WR�



20 
 

XSSHU� TXDUWLOH� LQ� DQ\� VXEVHTXHQW�ZDYHV��$V�7DEOH� �� VKRZV�� WKH� WUHDWPHQW� HIIHFWV� RI�

PRYLQJ�IURP�WKH�ERWWRP�KDOI�WR�WKH�WKLUG�TXDUWLOH�DUH�FRQVLVWHQWO\�VPDOOHU�WKDQ�WKRVH�RI�

PRYLQJ�IURP�WKH�ERWWRP�KDOI�WR�WKH�WRS�TXDUWLOH�UHJDUGOHVV�RI�ZKHWKHU�ZH�XVH�WKH�IXOO�

VDPSOH� RU� WKH� IHPDOH� VXEJURXS�� ,Q� WKH� IXOO� VDPSOH�� D� KLJKHU� LQWHQVLW\� RI� KRXVLQJ�

LPSURYHPHQWV� GHFUHDVHV� WKH� SUREDELOLW\� RI� EDG� 65+� E\� DERXW� �� SHUFHQWDJH� SRLQWV��

HTXLYDOHQW�WR�����RI�WKH�DYHUDJH�EDG�65+�UDWH�LQ�WKH�IXOO�VDPSOH��$V�LQ�RXU�PDLQ�UHVXOWV��

VXFK�HIIHFWV�DUH�ODUJHU�IRU�IHPDOHV�EXW�LQVLJQLILFDQW�IRU�PDOHV�18 

 
Table 3 Average treatment effect on bad SRH: Varying intensity of housing 

improvement 
 Full sample  Female  Male 
Bottom half to third quartile of HI -0.036** -0.033**  -0.057*** -0.057***  -0.013 -0.009 
 (0.016) (0.016)  (0.022) (0.022)  (0.023) (0.023) 
Bottom half to top quartile of HI -0.050** -0.045**  -0.077*** -0.074***  -0.020 -0.014 
 (0.020) (0.020)  (0.027) (0.027)  (0.028) (0.028) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Adjusted R2 0.229 0.229  0.234 0.235  0.217 0.218 
N 11232 11232  5837 5837  5395 5395 

Notes: HI = housing index. The time-variant individual and household controls include age group (0 = 
18-34, 1 = 35-59, 2 = 60+, 0 as the reference group), marital status (0 = never married, 1 = married, 2 = 
divorced/widowed/separated, 0 as the reference group), education (0 = low: illiterate, 1 = medium: 
primary/middle school, 2 = high: high school/technical/vocational or above, 0 as the reference group), 
working status (1 = yes, 0 = no), logged per capita household income, and household size. Standard errors 
clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.  

4.4.2 (IIHFWV�RI�FRQWLQXRXV�KRXVLQJ�LPSURYHPHQW�WUHDWPHQW 

To avoid an arbitrarily selected cutoff in defining the housing improvement treatment, 

we use the composite index of housing conditions as a continuous treatment. As Table 

4 shows, a one-standard deviation (SD) increase in the housing improvement index 

significantly reduces the probability of bad SRH by 3.1 and 5.3 percentage points for 

the full and female samples, respectively.  

 

 

                                                        
18� 7KH�UHVXOWV�IURP�WKH�QRQOLQHDU�ORJLW�','�PRGHO�DUH�VLPLODU�WR�WKRVH�IURP�WKH�OLQHDU�SUREDELOLW\�PRGHO��VHH�7DEOH�
����  
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Table 4 Average treatment effect on bad SRH: Continuous housing improvement 
treatment 

 Full sample  Female  Male 
Continuous housing improvement -0.033*** -0.031***  -0.054*** -0.053***  -0.010 -0.008 
 (0.009) (0.009)  (0.012) (0.012)  (0.012) (0.013) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Adjusted R2 0.230 0.230  0.236 0.237  0.217 0.218 
N 11232 11232  5837 5837  5395 5395 

Notes: The time-variant individual and household controls include age group (0 = 18-34, 1 = 35-59, 2 = 
60+, 0 as the reference group), marital status (0 = never married, 1 = married, 2 = 
divorced/widowed/separated, 0 as the reference group), education (0 = low: illiterate, 1 = medium: 
primary/middle school, 2 = high: high school/technical/vocational or above, 0 as the reference group), 
working status (0 = no, 1 = yes), logged per capita household income, and household size. Standard errors 
clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 

4.4.3 $OWHUQDWLYH�KHDOWK�PHDVXUHV 

In addition to bad SRH, we also assess the housing improvement treatment effects, as 

measured by movement from the bottom half to the upper half of the composite index 

distribution, on general overweight/obesity, central obesity, and being injured/sick in 

the previous 4 weeks (see Table 5). The treatment effects on all three health measures 

are negative, albeit only significant for central obesity in the full and female samples 

(Panel B), with a 3.1% probability reduction equivalent to 6.6% of the average central 

obesity rate. As in the baseline results (see Table 2), the treatment effects are stronger 

for females than for males.  

 

Table 5 Average treatment effect of improved housing conditions on alternative health 
outcomes 

 Full sample  Female  Male 
Panel A: General overweight/obesity         
ATT of housing improvement -0.003 -0.009  -0.004 -0.009  -0.005 -0.010 
 (0.012) (0.012)  (0.016) (0.016)  (0.018) (0.018) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Adjusted R2 0.580 0.585  0.590 0.593  0.571 0.578 
N 9720 9720  5160 5160  4560 4560 
Panel B: Central obesity 
ATT of housing improvement -0.026 -0.031*  -0.048** -0.053**  -0.002 -0.004 
 (0.016) (0.016)  (0.021) (0.021)  (0.024) (0.024) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
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Adjusted R2 0.461 0.465  0.470 0.473  0.446 0.450 
N 6826 6826  3619 3619  3207 3207 

Panel C: Injured/sick (suffering a chronic or acute disease) within the previous 4 weeks 
ATT of housing improvement -0.010 -0.008  -0.012 -0.010  -0.007 -0.006 
 (0.010) (0.010)  (0.015) (0.015)  (0.014) (0.014) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Adjusted R2 0.153 0.155  0.144 0.147  0.161 0.161 
N 11490 11490  5953 5953  5537 5537 

Notes: ATT = average treatment effects on the treated. The dependent variables are general 
overweight/obesity (1 = yes, 0 = no), being injured/sick or suffering from a chronic or acute disease in 
the previous 4 weeks (1 = yes, 0 = no) and central obesity (1 = yes, 0 = no), defined as waist circumference 
ı80 for females and ı85 for males. The time-variant individual and household controls include age 
group (0 = 18-34, 1 = 35-59, 2 = 60+, 0 as the reference group), marital status (0 = never married, 1 = 
married, 2 = divorced/widowed/separated, 0 as the reference group), education (0 = low: illiterate, 1 = 
medium: primary/middle school, 2 = high: high school/technical/vocational or above, 0 as the reference 
group), working status (0 = no, 1 = yes), logged per capita household income, and household size. 
Standard errors clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 

4.4.4 ','�EDVHG�RQ�D�PDWFKHG�VDPSOH� �  

Although the DID method does not require random assignment of treatment and control 

groups, the common trend assumption is essential. Given the intergroup differences in 

sociodemographic characteristics (i.e., age, education, and income) (see Table A2), one 

possible concern is that the groups may exhibit different health patterns prior to 

treatment. If so, it would violate the core assumption of parallel counterfactual trends. 

To address this concern, we match individuals in the treatment group to a subset of 

individuals in the control group to ensure that sociodemographic characteristics in the 

first are similar to those in the second, thereby and further validating the parallel trend 

assumption. As shown in Table 6, our DID estimates employ two different pairing 

methods: radius matching and Mahalanobis distance matching.19 After matching, the 

control variables between the two groups are close to being balanced (see Figures A1 

and A2). In the radius matched sample, the improved housing effects on bad SRH are 

significantly negative (see Panel A), with a 3.0 percentage point probability reduction 

for the full sample (8.4% of the average: 0.030/0/356) and a 6.2 percentage point 

                                                        
19� 7R�DYRLG�ZHDNHQLQJ�H[WHUQDO�YDOLGLW\�E\�ORVLQJ�WRR�PDQ\�REVHUYDWLRQV��LQVWHDG�RI�RQH�WR�RQH�PDWFKLQJ��ZH�XVH�
WZR� WHFKQLTXHV� WKDW� DOORZ� WKH� SDLULQJ� RI� RQH� FRQWURO� LQGLYLGXDO�ZLWK� VHYHUDO� WUHDWHG� LQGLYLGXDOV� DQG� WKHQ� DSSO\�
PDWFKLQJ�ZHLJKWV�WR�WKH�UHJUHVVLRQV� 
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reduction for females (16.1% of the average: 0.062/0.385). The Mahalanobis distance 

matching yields similar results (see Panel B).  

 

Table 6 Average treatment effect of improved housing on bad SRH: Matched sample  
 Full sample  Female  Male 
Panel A: Radius matching a  
ATT of housing improvement -0.032** -0.030*  -0.061*** -0.062***  -0.003 0.002 
 (0.016) (0.016)  (0.022) (0.022)  (0.024) (0.023) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Adjusted R2 0.257 0.258  0.259 0.262  0.253 0.254 
N 11185 11185  5809 5809  5376 5376 
Panel B: Mahalanobis distance matching b 
ATT of housing improvement -0.044** -0.042**  -0.094*** -0.095***  0.005 0.009 
 (0.021) (0.021)  (0.030) (0.030)  (0.030) (0.029) 
Individual and year FE Y Y  Y Y  Y Y 
Time-variant individual and household controls N Y  N Y  N Y 
Pseudo R2 0.310 0.312  0.321 0.321  0.298 0.306 
N 6225 6225  3148 3148  3077 3077 

Notes: ATT = average treatment effects on the treated. Panels A and B show the results for the linear 
probability DID model. The time-variant individual and household controls include age group (0 = 18-
34, 1 = 35-59, 2 = 60+, 0 as the reference group), marital status (0 = never married, 1 = married, 2 = 
divorced/widowed/separated, 0 as the reference group), education (0 = low: illiterate, 1 = medium: 
primary/middle school, 2 = high: high school/technical/vocational or above, 0 as the reference group), 
working status (1 = yes, 0 = no), logged per capita household income, and household size. Standard errors 
clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 
a For the�radius matching, we use logit model to perform the propensity score matching, with a 1% caliper. 
b In the Mahalanobis distance analysis, we calculate distances based on the six covariates of age, marital 
status, education level, labor status, per capita household income, and household size and then match 
each treatment group to its five nearest control group neighbors.  

4.4.5 $WWULWLRQ�ELDV 

Because they are unbalanced, our CHNS panel data are subject to attrition bias20 from 

individuals with poor SRH being more likely to drop out of the sample. To test for such 

bias, we employ a variable addition test (Jones et al., 2006; Verbeek & Nijman, 1992) 

with the total number of survey waves in which each respondent is represented as the 

added variable. In our case this latter is insignificant at p-value = 0.448 (see Table A3), 

                                                        
20� ,Q�RXU�ILQDO�VDPSOH���������RI�WKH�UHVSRQGHQWV�DUH�LQWHUYLHZHG�WZLFH���������WKUHH�WLPHV���������IRXU�WLPHV��
�������ILYH�WLPHV��������VL[�WLPHV��DQG�RQO\�������UHSUHVHQWHG�LQ�DOO�ZDYHV� 
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indicating the absence of attrition bias. 

4.4.6 3ODFHER�WHVW�XVLQJ�UDQGRPO\�JHQHUDWHG�KRXVLQJ�LPSURYHPHQW�  

If housing improvements are endogenously determined by unobserved characteristics 

(omitted variables) associated with health, the resulting estimates may be biased. To 

check for this possibility, we perform a placebo test that randomly assigns housing 

improvement to individual respondents. If no severe endogeneity exists, the absolute 

value of ȕ should be much smaller than the estimates for the actual housing 

improvement treatment.�7R� LQFUHDVH� WKLV� WHVW¶V� LGHQWLILFDWLRQ�SRZHU��we reiterate this 

randomization 500 times and graph both the false coefficient and true benchmark 

estimate distributions in Figure 3. If our baseline results are caused by housing 

improvements rather than omitted variables, the false treatment effect coefficient 

should be close to zero and the baseline results outside the distribution. As Figure 3 

illustrates, such is indeed the case, implying that the benchmark results are unlikely to 

be biased by omitted variables. 

 
Figure 3 Distribution of estimated coefficients of falsification test. The figure displays 
the density of estimated coefficients from 500 simulations of randomly assigning the 
improved housing treatment. The vertical dashed line represents the true estimated 
causal effects from Table 2. 

4.4.7 $OWHUQDWLYH�HVWLPDWLRQ�PHWKRG��+HWHURJHQRXV�7:)(�  

Although the TWFE specification in equation (1) is an effective DID indicator widely 
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used in empirical work (Lin et al., 2021; Wooldridge, 2021a), several scholars argue it 

can lead to biased estimates when treatment timing varies across observations and 

treatment effects are heterogeneous across treatment intensity, calendar time, and 

covariates �GH�&KDLVHPDUWLQ�	�'
+DXOWI°XLOOH��������:RROGULGJH������D�. Hence, to 

reduce this estimation bias from a homogeneous treatment assumption, we adopt a 

heterogeneous TWFE model that uses a weighted average of DID estimators to compare 

the outcome evolution of two groups: Those whose treatment changes from 0 to 1 

between t-1 and t, and those whose treatment is equal to 0 on both dates (de 

&KDLVHPDUWLQ�	�'
+DXOWI°XLOOH�������. This model is unbiased even when the treatment 

effect is heterogeneous across groups or over time as long as the treatment is binary and 

the design staggered �GH�&KDLVHPDUWLQ�	�'
+DXOWI°XLOOH�������. In line with our main 

results (see Table 2), these heterogeneous TWFE estimates show significantly negative 

effects of the housing improvement treatment on bad SRH, which are more pronounced 

for females than males (see Table 7). An additional three placebo tests further confirm 

the validity of the parallel trends assumption prior to the treatment. 

 
Table 7 Heterogeneous two-way fixed effects estimates of housing improvement¶V�

effects on bad SRH 
 Full sample  Female  Male 
ATT of housing improvement -0.063***  -0.106***  -0.012 
 (0.020)  (0.029)  (0.034) 
Placebo test (t = -1) a 0.028  0.066  -0.015 
 (0.024)  (0.035)  (0.031) 
Placebo test (t = -2) -0.063  -0.089  -0.040 
 (0.045)  (0.058)  (0.067) 
Placebo test (t = -3) 0.200  0.142  0.306 
 (0.080)  (0.100)  (0.127) 
Individual and year FE Y  Y  Y 
Time-variant individual and household controls Y  Y  Y 

Notes: ATT = average treatment effects on the treated. The time-variant individual controls include age 
group (0 = 18-34, 1 = 35-59, 2 = 60+, 0 as the reference group), marital status (0 = never married, 1 = 
married, 2 = divorced/widowed/separated, 0 as the reference group), education (0 = low: illiterate, 1 = 
medium: primary/middle school, 2 = high: high school/technical/vocational or above, 0 as the reference 
group), working status (1 = yes, 0 = no), logged per capita household income, and household size. 
Standard errors clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 
a Placebo tests t = í1, í2, and í3, respectively, refer to the weighted average of DID estimators 
comparing the t í2 to t í1, t ±3 to t ±2, and t í4 to t í3 outcome evolution between the treatment and 
control groups.  
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4.5 +HWHURJHQHLW\�DQDO\VLV 

To provide more pragmatic guidance for housing and health policy, we perform 

heterogeneity analyses that more directly measure treatment effect differences across 

our subgroups. To do so, we modify our specifications to include the interaction 

between the housing improvement treatment and four important sociodemographics; 

namely, age, income, education, and region.  

By age group. Here we divide our samples by age (0 = 18-34, 1 = 35-59, 2 = 60+). As 

in the baseline results, the treatment still has a significantly negative effect on bad SRH 

for full and female samples (see Table 8, Panel A). Nonetheless, a joint test of linear 

combination shows this significant treatment effect to be larger for individuals aged 

60+ than for those aged 18-34, implying that seniors benefit more from improved 

housing conditions than the young. Two possible explanations are that age-related 

health deterioration makes seniors more susceptible to the detrimental effects of poor 

housing and that being out of the workforce increases their�WLPH�DW�KRPH��-RQHV�6PLWK�

	�3RSNLQ��������DQG�WKXV�WKHLU�H[SRVXUH�WR�SRRU�FRQGLWLRQV��3DODFLRV�HW�DO��������.  

By income level. The treatment effect is also much stronger for low-income than high-

income individuals (see Table 8, Panel B), which we attribute to the affluent being 

better able to cope with adverse health shocks (Hallegatte et al., 2020; Marmot, 2002). 

For example, the rich may be able to afford the costs associated with the health issues 

linked to poor housing conditions.  

By education level. As regards treatment effect heterogeneity by educational level (see 

Table 8, Panel C), the joint test of linear combination shows that these effects are more 

pronounced among the lower than the higher educated. Possible explanations are that 

the latter generally have a healthier lifestyle and better health-related knowledge, 

making them more health conscious and more likely to take preventive action (Cutler 

& Lleras-Muney, 2010).  

By region. The need to analyze treatment effect heterogeneity by region stems from the 

notable geographic differences in &KLQD¶V�economic development and health resources. 
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According to our joint test of linear combination, relative to citizens in eastern China, 

those residing in the center and west benefit more from housing improvements (Table 

8, Panel D), probably because the�east is more economically developed (Meng et al., 

2012). In particular, the east has better health care resources and services, including 

higher density and better quality of primary health care (Meng et al., 2012; Tao et al., 

2020; Zhang et al., 2018). 7KH�HDVW¶V financial revenue is thus also likely to be higher, 

increasing its public infrastructure investments in living environment (e.g., 

transportation, green space, outdoor facilities) (Fan et al., 2011). The marginal effects 

associated with improved housing conditions are thus larger in central and western 

China than in the east, a finding that underscores the important role of economic 

development in housing poverty alleviation policies aimed at also promoting health. 

The heterogeneity analysis overall thus confirms that improved housing conditions 

especially benefit those who are older, have lower socioeconomic status (low education 

and income), and reside in less developed regions. 

 

Table 8 Heterogeneity of the effects of improved housing conditions on bad SRH 
 Full sample Female Male 
 (1) (2) (3) 
Panel A: By age group    
Improved housing conditions (IHC) -0.051** -0.061* -0.039 
 (0.024) (0.033) (0.035) 
IHC h aged 35-59 0.039 0.025 0.054 
 (0.028) (0.038) (0.041) 
IHC h aged 60+ -0.020 -0.040 0.002 
 (0.034) (0.046) (0.052) 
Linear combination a    
ATT of IHC for aged 35-59 ������ ������ ����� 
ATT of IHC for aged 60+ ������*** ������** ������ 
Individual and year FE Y Y Y 
Time-variant individual and household controls Y Y Y 
Adjusted R2 0.230 0.236 0.218 
N 11232 5837 5395 
Panel B: By income level    
IHC -0.031* -0.051** -0.010 
 (0.017) (0.023) (0.024) 
IHC h low income -0.023 -0.035 -0.007 
 (0.025) (0.034) (0.036) 
Linear combination      
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ATT of IHC for low income ������** ������*** ������ 
Individual and year FE Y Y Y 
Time-variant individual and household controls Y Y Y 
Adjusted R2 0.229 0.236 0.217 
N 11232 5837 5395 
Panel C: By education level    
IHC -0.027 -0.032 -0.020 
 (0.020) (0.030) (0.026) 
IHC h medium education 0.003 -0.011 0.017 
 (0.025) (0.037) (0.034) 
IHC h low education -0.057 -0.093** 0.018 
 (0.036) (0.046) (0.060) 
Linear combination    
ATT of IHC for medium education ������ ������ ������ 
ATT of IHC for low education level ������*** ������*** ������ 
Individual and year FE Y Y Y 
Time-variant individual and household controls Y Y Y 
Adjusted R2 0.230 0.236 0.218 
N 11232 5837 5395 
Panel D: By region b    
IHC in eastern region -0.035 -0.049 -0.021 
 (0.028) (0.039) (0.039) 
IHC in central region -0.045* -0.083*** -0.003 
 (0.023) (0.031) (0.034) 
IHC in western region -0.045* -0.070* -0.023 
 (0.027) (0.038) (0.040) 
Individual and year FE Y Y Y 
Time-variant individual and household controls Y Y Y 
N (East region) 3089 1612 1477 
N (Central region) 4879 2540 2339 
N (Western region) 3264 1685 1579 

Notes: ATT = average treatment effects on the treated. The time-variant individual and household 
controls include age group (0 = 18-34, 1 = 35-59, 2 = 60+, 0 as the reference group, not included in Panel 
A), marital status (0 = never married, 1 = married, 2 = divorced/widowed/separated, 0 as the reference 
group), education (0 = low: illiterate, 1 = medium: primary/middle school, 2 = high: high 
school/technical/vocational or above, 0 as the reference group), working status (0 = no, 1 = yes), logged 
per capita household income, and household size. We define the different income levels based on the 
median of logged per capita household income. Standard errors clustered at the individual level are in 
parentheses. Eastern region = Jiangsu, Shandong, and Liaoning provinces; central region = Henan, Hubei, 
Hunan, and Heilongjiang provinces; western region = Guangxi and Guizhou provinces. * p < 0.1, ** p < 
0.05, *** p < 0.01.  
D�7KH�MRLQW�WHVW�RI�OLQHDU�FRPELQDWLRQ��L�H���WKH�VXP�RI�WKH�,+&�FRHIILFLHQWV�DQG�HDFK�LQWHUDFWLRQ��XVHV�D�
:DOG�WHVW��  
E�7KH�UHJUHVVLRQV�LQ�3DQHO�'�DUH�HVWLPDWHG�VHSDUDWHO\�IRU�WKH�HDVW��FHQWUDO��DQG�ZHVW�VXEJURXSV�EHFDXVH�
WKH�WLPH�LQYDULDQW�QDWXUH�RI�WKH�SURYLQFH�RI�UHVLGHQFH�YDULDEOH�SUHYHQWV�LQFOXVLRQ�RI�WKH�WUHDWPHQW�HIIHFW��
UHJLRQDO�GXPP\�LQWHUDFWLRQ�LQ�WKH�LQGLYLGXDO�IL[HG�HIIHFWV�HVWLPDWHV�RI�KHWHURJHQHLW\�HIIHFW�� �  
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4.6 3RWHQWLDO�PHFKDQLVPV 

7R� H[SORUH� WKH� XQGHUO\LQJ� SDWKZD\V� WKURXJK� ZKLFK� KRXVLQJ� FRQGLWLRQV� RSHUDWH� RQ�

KHDOWK�� ZH� WHVW� WKHLU� UHODWLRQ� WR� ILYH� SRWHQWLDO� PHFKDQLVPV�� PDFURQXWULHQW� LQWDNH��

SK\VLFDO�DFWLYLW\��3$���VOHHS�GHSULYDWLRQ��DQG�WKH�ULVN�WDNLQJ�EHKDYLRUV�RI�VPRNLQJ�DQG�

DOFRKRO�XVH��$V�UHJDUGV�WKH�ILUVW��ZH�DVVXPH�WKDW�KRXVLQJ�LPSURYHPHQWV�LPSO\�EHWWHU�

PDUNHWV�DFFHVV�WR�WKH�QXWULHQW�ULFK�IRRGV�ZKRVH�EDODQFHG�LQWDNH�LV�YLWDO�WR�LQGLYLGXDO�

JRRG�KHDOWK��6RORQ�%LHW�HW�DO����������%HFDXVH�RXU�FRPSRVLWH�KRXVLQJ�FRQGLWLRQ�LQGH[�

FDSWXUHV�VXFK�DFFHVV��VSHFLILFDOO\��WR�JUDLQV��RLO��PHDW��YHJHWDEOHV��ILVK��EHDQ�FXUG��DQG�

PLON���ZH�WHVW�ZKHWKHU�LPSURYHG�KRXVLQJ�LQIOXHQFHV�LQWDNH�RI�WKH�WKUHH�PDFURQXWULHQWV��

FDUERQ��IDW��DQG�SURWHLQ��$FFRUGLQJ�WR�WKH�UHVXOWV��EHWWHU�KRXVLQJ�FRQGLWLRQV�GR�DSSHDU�

WR� UHGXFH� WKH� OLNHOLKRRG� RI� DQ� LPEDODQFHG� LQWDNH� ±� LQ� SDUWLFXODU�� ORZ� SURWHLQ� DQG�

�VWDWLVWLFDOO\�LQVLJQLILFDQWO\��ORZ�FDUERQ�±�HVSHFLDOO\�DPRQJ�IHPDOHV��VHH�7DEOH����3DQHO�

$���  

$V�UHJDUGV�ZKHWKHU�D�OLYDEOH�KRXVLQJ�HQYLURQPHQW��H�J���QHLJKERUKRRG�JUHHQ�VSDFHV��

RXWGRRU�IDFLOLWLHV��HQFRXUDJHV�3$��H�J��+XPSHO�HW�DO���������-RQJHQHHO�*ULPHQ�HW�DO���

�������DQRWKHU�LPSRUWDQW�SUHGLFWRU�RI�LQGLYLGXDO�JRRG�KHDOWK��RXU�DQDO\VLV�FRQILUPV�WKH�

QHJDWLYH�DVVRFLDWLRQ�EHWZHHQ�LPSURYHG�KRXVLQJ�DQG�SK\VLFDO� LQDFWLYLW\��VHH�7DEOH����

3DQHO� %��� /LNHZLVH�� KRXVLQJ� LPSURYHPHQW� GHFUHDVHV� WKH� SUREDELOLW\� RI� VOHHS�

GHSULYDWLRQ21� �GHILQHG�DV�VOHHS�WLPH�OHVV�WKDQ���KRXUV�GD\���,UZLQ�HW�DO����������DOEHLW�

ZLWK� LQVLJQLILFDQW� FRHIILFLHQWV� �VHH�3DQHO�&���7KLV� ILQGLQJ� WKXV� SURYLGHV� VXSSRUW� IRU�

SUHYLRXV�ILQGLQJV�RI�DQ�DVVRFLDWLRQ�EHWZHHQ�GLVDGYDQWDJHG�QHLJKERUKRRG�HQYLURQPHQWV�

DQG�SRRU�KRXVHKROG�FRQGLWLRQV��H�J���XQFRPIRUWDEOH�WHPSHUDWXUHV��DQG�LQVXIILFLHQW�VOHHS�

DQG� VOHHS�GLVRUGHUV� �H�J�� -RKQVRQ�HW� DO��� �������8QVXUSULVLQJO\��ZH� ILQG� QR�HIIHFW� RI�

KRXVLQJ�LPSURYHPHQWV�RQ�WKH�ULVN�WDNLQJ�EHKDYLRUV�RI�VPRNLQJ�DQG�DOFRKRO�XVH� 

 

 
 
 

                                                        
21� %RWK�TXDOLW\�DQG�TXDQWLW\�RI�VOHHS�DUH�LPSRUWDQW�IRU�JRRG�KHDOWK� 
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Table 9 Average treatment effect of improved housing conditions on health-related 
factors 

Panel A: 0DFURQXWULHQWV Low carbon  High fat intake  Low protein intake 

 Full  
sample 

Female Male  
Full 

 sample 
Female Male  

Full  
sample 

Female Male 

 (1) (2) (3)  (4) (5) (6)  (7) (8) (9) 
ATT of housing improvement -0.005 -0.007 -0.002  -0.0001 0.029 -0.034  -0.035** -0.047** -0.024 
 (0.007) (0.011) (0.008)  (0.022) (0.032) (0.032)  (0.016) (0.022) (0.024) 
Individual and year FE Y Y Y  Y Y Y  Y Y Y 
Time-variant individual and household controls Y Y Y  Y Y Y  Y Y Y 
Adjusted R2 0.103 0.095 0.118  0.241 0.221 0.212  0.237 0.219 0.214 
N 9675 5082 4593  9675 5082 4593  9675 5082 4593 
Panel B: Physical inactivity Self-reported physical inactivity     
 Full  

sample 
Female Male         

ATT of housing improvement -0.060*** -0.051** -0.073**         
 (0.021) (0.026) (0.034)         
Individual and year FE Y Y Y         
Time-variant individual and household controls Y Y Y         
Adjusted R2 0.221 0.184 0.201         

N 5910 3071 2839         
Panel C: Health behaviors Sleep deprivation a  Smoking   Alcohol use 
 Full  

sample 
Female Male  Full  

sample 
Female Male  Full  

sample 
Female Male 

ATT of housing improvement -0.017 -0.047 0.020  0.019 0.004 0.031  0.011 0.005 0.018 
 (0.027) (0.036) (0.041)  (0.012) (0.009) (0.023)  (0.015) (0.016) (0.027) 
Individual and year FE Y Y Y  Y Y Y  Y Y Y 
Time-variant individual and household controls Y Y Y  Y Y Y  Y Y Y 
Adjusted R2 0.149 0.106 0.104  0.677 0.519 0.486  0.535 0.337 0.374 
N 2930 1576 1354  10496 5514 4982  10363 5465 4898 

Notes: ATT = average treatment effects on the treated. The time-variant individual and household 
controls include age group (0 = 18-34, 1 = 35-59, 2 = 60+, 0 as the reference group), marital status (0 = 
never married, 1 = married, 2 = divorced/widowed/separated, 0 as the reference group), education (0 = 
low: illiterate, 1 = medium: primary/middle school, 2 = high: high school/technical/vocational or above, 
0 as the reference group), working status (0 = no, 1 = yes), logged per capita household income, and 
household size. Standard errors clustered at the individual level are in parentheses. * p < 0.1, ** p < 0.05, 
*** p < 0.01.  
D�'DWD�RQ�VOHHS�WLPH�LV�RQO\�DYDLODEOH�LQ�WKH�������������DQG�������6OHHS�GHSULYDWLRQ�LV�GHILQHG�DV�VOHHS�
WLPH�OHVV�WKDQ���KRXUV�GD\��,UZLQ�HW�DO��������� 
 

5. Conclusions 

7KLV� VWXG\�PDNHV� WKUHH� LPSRUWDQW� FRQWULEXWLRQV� WR� WKH� UHVHDUFK�RQ�KRXVLQJ¶V� UROH� LQ�

KHDOWK�RXWFRPHV��,W�H[WHQGV�WKH�IRFXV�RQ�KRXVLQJ¶V�WUDQVLWRU\�LPSDFWV�WR�LWV�ORQJLWXGLQDO�

LQIOXHQFHV�� DVVHVVHV� WKH� FDXVDO� UHODWLRQ� EHWZHHQ� OLYLQJ� HQYLURQPHQW� DQG� KHDOWK�� DQG�

H[SORUHV�WKH�PHFKDQLVPV�XQGHUO\LQJ�WKLV�G\QDPLF��,Q�SDUWLFXODU��E\�XVLQJ�ODUJH�VFDOH�
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ORQJLWXGLQDO�&+16�GDWD�IURP������WR������DQG�D�JHQHUDOL]HG�','�DSSURDFK��LW�SURYLGHV�

D�WKRURXJK�DVVHVVPHQW�RI�WKH�HIIHFWV�WKDW�ERWK�LQWHUQDO�DQG�H[WHUQDO�KRXVLQJ�FRQGLWLRQV�

FDXVH�WR�KHDOWK�LQ�XUEDQ�&KLQD��D�FRXQWU\�XQLTXH�LQ�LWV�XQSUHFHGHQWHG�HFRQRPLF�JURZWK�

DQG�GLVWLQFW�KRXVLQJ�PDUNHW�GHYHORSPHQW��&KHQ�HW�DO�������D��+XDQJ�HW�DO���������1LH�

HW�DO��������� 

7KH�ILUVW�RI� WKH�VWXG\¶V�PDMRU� ILQGLQJV� LV� WKDW�D�FRQVLVWHQW� LQFUHDVH� LQ� WKH�FRPSRVLWH�

KRXVLQJ�LQGH[�RYHU�WKH�����±�����SHULRG�VWXGLHG�LQGLFDWHV�WKDW�KRXVLQJ�FRQGLWLRQV�IRU�

&KLQHVH�XUEDQ�UHVLGHQWV�KDYH�LPSURYHG�VXEVWDQWLDOO\�XQGHU�KRXVLQJ�SULYDWL]DWLRQ��$Q�

LQFUHDVH�RI�FRPSRVLWH�KRXVLQJ�FRQGLWLRQ�LQGH[�IURP�WKH�ERWWRP�KDOI�WR�WKH�XSSHU�KDOI�

RI� WKH� GLVWULEXWLRQ� LQGXFHV� D� ���� SHUFHQWDJH� SRLQW� UHGXFWLRQ� LQ� WKH� SUREDELOLW\� RI�

UHSRUWLQJ�EDG�KHDOWK��D�10% reduction of the full sample average��1RW�RQO\�GR�WKHVH�

HIIHFWV�DSSHDU�FRQVLVWHQWO\�WKURXJKRXW�D�EDWWHU\�RI�UREXVWQHVV�FKHFNV��EXW��DFFRUGLQJ�WR�

RXU�HYHQW�VWXG\��WKH\�DUH�FXPXODWLYH��LPSO\LQJ�WKDW�WKH�ORQJHU�LQGLYLGXDOV�DUH�H[SRVHG�

WR�LPSURYHG�KRXVLQJ�FRQGLWLRQV��WKH�OHVV�OLNHO\�WKH\�DUH�WR�UHSRUW�EDG�KHDOWK��:H�WKXV�

SURYLGH�HYLGHQFH� WKDW�KRXVLQJ�FRQGLWLRQV�KDYH�QRW�RQO\� WUDQVLHQW�EXW� DOVR� ORQJ�WHUP�

HIIHFWV�RQ�KHDOWK��  

2XU analysis of treatment effect also identifies two major channels through which 

improved housing appears to operate on health: PDFURQXWULHQW�LQWDNH�DQG�WKH�KHDOWK�

DIIHFWLQJ�EHKDYLRUV�RI�SK\VLFDO��LQ�DFWLYLW\�DQG�VOHHS��GHSULYDWLRQ���7KDW�LV��ZKHQ�EHWWHU�

KRXVLQJ�FRQGLWLRQV�LQFOXGH�JUHDWHU�DFFHVV�WR�KHDOWK\�IRRGV�DQG�RXWGRRU�DFWLYLWLHV��WKH\�

UHGXFH� WKH� WHQGHQF\� WR� EDG�KHDOWK�E\�SURPRWLQJ� D�PRUH�EDODQFHG�GLHW� DQG�KHDOWKLHU�

OLIHVW\OHV��7KLV�DQDO\VLV�DOVR�LQGLFDWHV�that housing improvements are of most benefits 

to older residents, those of lower socioeconomic status (based on income and education 

level), and those living in the less developed central and western regions.  

7KHVH�ILQGLQJV�KDYH�VHYHUDO�LPSRUWDQW�SROLF\�LPSOLFDWLRQV��LQ�SDUWLFXODU��WKH�QHHG�IRU�

KRXVLQJ�LQWHUYHQWLRQ�SURJUDPV�WR�DGGUHVV�ERWK�LQWHUQDO�DQG�H[WHUQDO�DVSHFWV�RI�WKH�OLYLQJ�

HQYLURQPHQW�� LQFOXGLQJ� FOHDQ� FRRNLQJ� IXHOV� DQG� ZDWHU�� LQGRRU� IOXVKLQJ� WRLOHWV�� DQG�

FRQYHQLHQW� DFFHVV� WR�ZHOO�VXSSOLHG� IRRG�PDUNHWV�� DV�ZHOO� DV� KHDOWK� DQG� UHFUHDWLRQDO�

IDFLOLWLHV�� 7KHVH� ODWWHU� DUH� WLHG� WR� WKH� LPSRUWDQW� UROH� LQ� KHDOWK� RI� PDFURQXWULHQW�
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�LP�EDODQFH� DQG�SK\VLFDO� �LQ�DFWLYLW\� DQG� VSHDN� WR� WKH�QHHG� WR� VROYH� WKH� XUEDQ� IRRG�

GHVHUW� SUREOHP� E\� IDFLOLWDWLQJ� KHDOWK\� QXWULWLRQ� ZKLOH� DOVR� HQFRXUDJLQJ� VSRUWV� DQG�

H[HUFLVH�� 6XFK�SURYLVLRQ�� LW� VKRXOG� EH� QRWHG��ZRXOG� DGGUHVV� WZR�PDMRU� JRDOV� RI� WKH�

³+HDOWK�&KLQD�����´�LQLWLDWLYH��QDPHO\��LPSURYLQJ�QDWLRQZLGH�KHDOWK�DQG�FRQWUROOLQJ�

PDMRU� ULVN� IDFWRUV� 22�� 3ROLF\� PDNHUV� VKRXOG� DOVR� FRQVLGHU� WKH� VRFLRGHPRJUDSKLF�

KHWHURJHQHLWLHV�LQ�WKH�KRXVLQJ�KHDOWK�UHODWLRQ�E\�SULRULWL]LQJ�VXFK�YXOQHUDEOH�JURXSV�DV�

VHQLRUV��ORZHU�LQFRPH�FLWL]HQV��DQG�UHVLGHQWV�RI�OHVV�GHYHORSHG�UHJLRQV��2YHUDOO��JLYHQ�

RXU� HYLGHQFH� RI� KRXVLQJ� LPSURYHPHQW¶V� ORQJ�WHUP� EHQHILWV� IRU� LQGLYLGXDO� KHDOWK�� D�

VXVWDLQDEOH�VFKHPH�IRU�LQFUHDVLQJ�KRXVLQJ�TXDOLW\�DV�ZHOO�DV�TXDQWLW\�ZRXOG�QRW�RQO\�

LPSURYH�QDWLRQDO�KHDOWK�RXWFRPHV�EXW�EULQJ�QRWDEOH�HFRQRPLF�EHQHILWV�LQ�WKH�IXWXUH��  

 

&RQIOLFWV�RI�LQWHUHVW 

1RQH� 

 

)XQGLQJ 

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD�>JUDQW�

QXPEHUV�������������������@��WKH�6WDUW�XS�)XQG�IRU�<RXQJ�7DOHQW�6XSSRUW�3ODQ�>JUDQW�

QXPEHU�������������@�DQG�&KLQD�6FKRODUVKLS�&RXQFLO�>&6&������������@� 

 

$FNQRZOHGJPHQWV 

:H�DUH�JUDWHIXO�WR�WKH�&DUROLQD�3RSXODWLRQ�&HQWHU�DW�WKH�8QLYHUVLW\�RI�1RUWK�&DUROLQD�

DW� &KDSHO� +LOO� DQG� WKH� 1DWLRQDO� ,QVWLWXWH� IRU� 1XWULWLRQ� DQG� +HDOWK� �1,1+�� IRUPHU�

1DWLRQDO� ,QVWLWXWH� RI� 1XWULWLRQ� DQG� )RRG� 6DIHW\�� DW� WKH� &KLQHVH� &HQWHU� IRU� 'LVHDVH�

&RQWURO�DQG�3UHYHQWLRQ��&&'&��IRU�SURYLGLQJ�WKH�&+16�GDWD�XVHG�LQ�WKLV�VWXG\��7KH�

ILQGLQJV��LQWHUSUHWDWLRQV��DQG�FRQFOXVLRQV�H[SUHVVHG�LQ�WKLV�SDSHU�DUH�HQWLUHO\�WKRVH�RI�

WKH�DXWKRUV��$OO�HUURUV�DUH�RXU�RZQ��  

 

                                                        
22� 7KH�³+HDOWK\�&KLQD�����´�LQLWLDWLYH��LPSOHPHQWHG�LQ�������PDNHV�SXEOLF�KHDOWK�D�NH\�EHQFKPDUN�IRU�DVVHVVLQJ�
HFRQRPLF�DQG�VRFLDO� LQLWLDWLYHV�EDVHG�RQ�ILYH�JRDOV�� ,PSURYLQJ�QDWLRQZLGH�KHDOWK��FRQWUROOLQJ�PDMRU�ULVN�IDFWRUV��
LQFUHDVLQJ�KHDOWK�VHUYLFH�FDSDFLW\��HQODUJLQJ�WKH�KHDOWK�LQGXVWU\��DQG�SHUIHFWLQJ�WKH�KHDOWK�VHUYLFH�V\VWHP� 
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DPRQJ�PHQ�DQG�ZRPHQ�LQ�6ZHGHQ��(XURSHDQ�-RXUQDO�RI�3XEOLF�+HDOWK���������
���������GRL����������HXUSXE�FNO��� 

0RUULV��$����������+RXVLQJ�WHQXUH�DQG�WKH�KHDOWK�RI�ROGHU�$XVWUDOLDQV�GHSHQGHQW�RQ�WKH�
DJH� SHQVLRQ� IRU� WKHLU� LQFRPH�� +RXVLQJ� 6WXGLHV�� ������� ������� GRL��
����������������������������� 

0RVVH\��-��0���	�6KDSLUR��(����������6HOI�UDWHG�KHDOWK��$�SUHGLFWRU�RI�PRUWDOLW\�DPRQJ�
WKH� HOGHUO\�� $PHULFDQ� -RXUQDO� RI� 3XEOLF� +HDOWK�� ������� ��������� GRL��
��������$-3+��������� 

1DWLRQDO� %XUHDX� RI� 6WDWLVWLFV�� �������� &KLQD� 6WDWLVWLFDO� <HDUERRN�� %HLMLQJ�� &KLQD�
6WDWLVWLFV�3UHVV� 

1DWLRQDO�%XUHDX�RI�6WDWLVWLFV����������&KLQD�6WDWLVWLFDO�<HDUERRN�������%HLMLQJ��&KLQD�
6WDWLVWLFV�3UHVV� 

1DYDUUR��&���$\DOD��/���	�/DEHDJD��-��0����������+RXVLQJ�GHSULYDWLRQ�DQG�KHDOWK�VWDWXV��
(YLGHQFH� IURP� 6SDLQ�� (PSLULFDO� (FRQRPLFV�� ������� ��������� GRL��
��������V���������������� 

1LH�� 3��� &ODUN��$�� (��� '¶$PEURVLR�� &��� 	� 'LQJ�� /�� �������� ,QFRPH�UHODWHG� KHDOWK�
LQHTXDOLW\�LQ�XUEDQ�&KLQD��������������7KH�UROH�RI�KRPHRZQHUVKLS�DQG�KRXVLQJ�
FRQGLWLRQV�� +HDOWK� 	� 3ODFH�� ���� �������� GRL��
��������M�KHDOWKSODFH������������ 

1LH��3���'LQJ��/���	�6RXVD�3R]D��$�������D���'HFRPSRVLQJ�DGXOW�REHVLW\�WUHQGV�LQ�&KLQD�
�����±������� (FRQRPLFV� 	� +XPDQ� %LRORJ\�� ���� ������ GRL��
��������M�HKE������������ 

1LH��3���'LQJ��/���	�6RXVD�3R]D��$�������E���2EHVLW\�LQHTXDOLW\�DQG�WKH�FKDQJLQJ�VKDSH�
RI�WKH�ERG\ZHLJKW�GLVWULEXWLRQ�LQ�&KLQD��&KLQD�(FRQRPLF�5HYLHZ��������������
GRL����������M�FKLHFR������������ 

1LH��3���/L��<���'LQJ��/���	�6RXVD�3R]D��$����������+RXVLQJ�SRYHUW\�DQG�KHDOWK\�DJLQJ�
LQ�&KLQD��(YLGHQFH�IURP�WKH�&KLQD�+HDOWK�DQG�5HWLUHPHQW�/RQJLWXGLQDO�6WXG\��
,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�5HVHDUFK�DQG�3XEOLF�+HDOWK����������
������GRL����������LMHUSK�������� 

3DODFLRV�� -��� (LFKKROW]�� 3��� .RN�� 1��� 	� $\GLQ�� (�� �������� 7KH� LPSDFW� RI� KRXVLQJ�
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FRQGLWLRQV�RQ�KHDOWK�RXWFRPHV��5HDO�(VWDWH�(FRQRPLFV��������������������GRL��
����������������������� 

3HYDOLQ��'��-���7D\ORU��0��3���	�7RGG��-����������7KH�'\QDPLFV�RI�XQKHDOWK\�KRXVLQJ�LQ�
WKH� 8.�� $� SDQHO� GDWD� DQDO\VLV�� +RXVLQJ� 6WXGLHV�� ������� ��������� GRL��
������������������������� 

3XKDQL��3��$����������7KH�WUHDWPHQW�HIIHFW��WKH�FURVV�GLIIHUHQFH��DQG�WKH�LQWHUDFWLRQ�WHUP�
LQ�QRQOLQHDU�³GLIIHUHQFH�LQ�GLIIHUHQFHV´�PRGHOV��(FRQRPLFV�/HWWHUV�������������
����GRL����������M�HFRQOHW������������ 

5HJLW]�=DJURVHN��9����������6H[�DQG�JHQGHU�GLIIHUHQFHV�LQ�KHDOWK��(0%2�UHSRUWV���������
���������GRL����������HPERU�������� 

5RJHUV��'���	�3RZHU��(�� ��������+RXVLQJ�SROLF\� DQG� WKH�&29,'����SDQGHPLF��7KH�
LPSRUWDQFH� RI� KRXVLQJ� UHVHDUFK� GXULQJ� WKLV� KHDOWK� HPHUJHQF\�� ,QWHUQDWLRQDO�
-RXUQDO� RI� +RXVLQJ� 3ROLF\�� ������� ��������� GRL��
����������������������������� 

6KHQ��<���7D��1���	�/LX��=����������-RE�KRXVLQJ�GLVWDQFH��QHLJKERUKRRG�HQYLURQPHQW��
DQG�PHQWDO�KHDOWK�LQ�VXEXUEDQ�6KDQJKDL��$�JHQGHU�GLIIHUHQFH�SHUVSHFWLYH��&LWLHV��
�������������GRL����������M�FLWLHV������������ 

6KLHOGV�� 0��� &RQQRU� *RUEHU�� 6��� -DQVVHQ�� ,��� 	� 7UHPEOD\�� 0�� 6�� �������� 2EHVLW\�
HVWLPDWHV�IRU�FKLOGUHQ�EDVHG�RQ�SDUHQW�UHSRUWHG�YHUVXV�GLUHFW�PHDVXUHV��+HDOWK�
5HSRUWV��������������� 

6RORQ�%LHW��6��0���0LWFKHOO��6��-���GH�&DER��5���5DXEHQKHLPHU��'���/H�&RXWHXU��'��*���
	� 6LPSVRQ�� 6�� -�� �������� 0DFURQXWULHQWV� DQG� FDORULF� LQWDNH� LQ� KHDOWK� DQG�
ORQJHYLW\��-RXUQDO�RI�(QGRFULQRORJ\����������5���5����GRL����������-2(����
���� 

7DR��:���=HQJ��=���'DQJ��+���/L��3���&KXRQJ��/���<XH��'���HW�DO����������7RZDUGV�XQLYHUVDO�
KHDOWK�FRYHUDJH��$FKLHYHPHQWV�DQG�FKDOOHQJHV�RI����\HDUV�RI�KHDOWKFDUH�UHIRUP�
LQ�&KLQD��%0-�*OREDO�+HDOWK��������H��������GRL����������EPMJK������������ 

7KRPVRQ�� +��� 	�7KRPDV�� 6�� �������� 'HYHORSLQJ� HPSLULFDOO\� VXSSRUWHG� WKHRULHV� RI�
FKDQJH� IRU� KRXVLQJ� LQYHVWPHQW� DQG� KHDOWK�� 6RFLDO� 6FLHQFH�	�0HGLFLQH�� �����
���������GRL����������M�VRFVFLPHG������������ 

7KRPVRQ��+���7KRPDV��6���6HOOVWURP��(���	�3HWWLFUHZ��0����������7KH�KHDOWK�LPSDFWV�RI�
KRXVLQJ�LPSURYHPHQW��$�V\VWHPDWLF�UHYLHZ�RI�LQWHUYHQWLRQ�VWXGLHV�IURP������WR�
������ $PHULFDQ� -RXUQDO� RI� 3XEOLF� +HDOWK�� ���6���� 6����6����� GRL��
��������$-3+������������ 

8QLWHG�1DWLRQV�LQ�,QGLD����������6'*�����3DUWQHUVKLSV�IRU�WKH�JRDOV��1HZ�'HOKL��8QLWHG�
1DWLRQV�LQ�,QGLD 

9DQ�GH�3RHO��(���2
'RQQHOO��2���	�9DQ�'RRUVODHU��(����������,V�WKHUH�D�KHDOWK�SHQDOW\�RI�
&KLQD
V� UDSLG� XUEDQL]DWLRQ"� +HDOWK� (FRQRPLFV�� ������� ��������� GRL��
��������KHF����� 

9iVTXH]�9HUD��&���)HUQiQGH]��$���	�%RUUHOO��&����������*HQGHU�EDVHG�LQHTXDOLWLHV� LQ�
WKH�HIIHFWV�RI�KRXVLQJ�RQ�KHDOWK��$�FULWLFDO� UHYLHZ��660���3RSXODWLRQ�+HDOWK��
��������GRL����������M�VVPSK������������ 

9HUEHHN��0���	�1LMPDQ��7����������7HVWLQJ�IRU�VHOHFWLYLW\�ELDV�LQ�SDQHO�GDWD�PRGHOV��
,QWHUQDWLRQDO�(FRQRPLF�5HYLHZ������������������GRL����������������� 
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:DQ�� &��� 	� 6X�� 6�� �������� 1HLJKERUKRRG� KRXVLQJ� GHSULYDWLRQ� DQG� SXEOLF� KHDOWK��
7KHRUHWLFDO� OLQNDJH��HPSLULFDO�HYLGHQFH��DQG�LPSOLFDWLRQV�IRU�XUEDQ�SODQQLQJ��
+DELWDW�,QWHUQDWLRQDO�������������GRL����������M�KDELWDWLQW������������ 

:DQJ��6���&KHQJ��&���	�7DQ��6����������+RXVLQJ�GHWHUPLQDQWV�RI�KHDOWK�LQ�XUEDQ�&KLQD��
$� VWUXFWXUDO� HTXDWLRQ�PRGHOLQJ� DQDO\VLV��6RFLDO� ,QGLFDWRUV�5HVHDUFK�� ��������
�����������GRL����������V���������������� 

:DQJ��<��3���	�0XULH��$����������6RFLDO�DQG�VSDWLDO�LPSOLFDWLRQV�RI�KRXVLQJ�UHIRUP�LQ�
&KLQD��,QWHUQDWLRQDO�-RXUQDO�RI�8UEDQ�DQG�5HJLRQDO�5HVHDUFK������������������
GRL������������������������� 

:+2����������:RUOG�UHSRUW�RQ�DJHLQJ�DQG�KHDOWK��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ 
:+2����������+RXVLQJ�DQG�KHDOWK�JXLGHOLQHV��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ 
:+2�� �������� 7RZDUGV� GHYHORSLQJ� :+2
V� DJHQGD� RQ� ZHOO�EHLQJ�� *HQHYD�� :RUOG�

+HDOWK�2UJDQL]DWLRQ 
:RROGULGJH��-�������D���7ZR�ZD\�IL[HG�HIIHFWV��WKH�WZR�ZD\�PXQGODN�UHJUHVVLRQ��DQG�

GLIIHUHQFH�LQ�GLIIHUHQFHV�HVWLPDWRUV��6651�:RUNLQJ�3DSHU���������� 
:RROGULGJH��-��0�������E���1RQOLQHDU�GLIIHUHQFH�LQ�GLIIHUHQFHV�ZLWK�SDQHO�GDWD��3DSHU�

SUHVHQWHG�DW�WKH�(FRQRPLFV�9LUWXDO�6\PSRVLXP������ 
;LH��6���	�0R��7����������7KH�LPSDFW�RI�HGXFDWLRQ�RQ�KHDOWK�LQ�&KLQD��&KLQD�(FRQRPLF�

5HYLHZ������������GRL����������M�FKLHFR������������ 
=KDQJ�� %��� =KDL�� )��<��� 'X�� 6�� )��� 	� 3RSNLQ�� %��0�� �������� 7KH� &KLQD� +HDOWK� DQG�

1XWULWLRQ� 6XUYH\�� ����±������ 2EHVLW\� 5HYLHZV�� ���6���� ����� GRL��
��������REU������ 

=KDQJ��<���:DQJ��4���-LDQJ��7���	�:DQJ��-����������(TXLW\�DQG�HIILFLHQF\�RI�SULPDU\�
KHDOWK� FDUH� UHVRXUFH� DOORFDWLRQ� LQ�PDLQODQG�&KLQD�� ,QWHUQDWLRQDO� -RXUQDO� IRU�
(TXLW\�LQ�+HDOWK��������������GRL����������V���������������� 

=KDR��-���6X��&���:DQJ��+���:DQJ��=���:DQJ��<���	�=KDQJ��%����������6HFXODU�WUHQGV�LQ�
HQHUJ\�DQG�PDFURQXWULHQW�LQWDNHV�DQG�GLVWULEXWLRQ�DPRQJ�DGXOW�IHPDOHV������±
�������5HVXOWV�IURP�WKH�&KLQD�+HDOWK�DQG�1XWULWLRQ�6XUYH\��1XWULHQWV���������
�����GRL����������QX�������� 

=KRX��%��)���	�WKH�&RRSHUDWLYH�0HWD�DQDO\VLV�*URXS�RI�:RUNLQJ�*URXS�RQ�2EHVLW\�LQ�
&KLQD����������3UHGLFWLYH�YDOXHV�RI�ERG\�PDVV�LQGH[�DQG�ZDLVW�FLUFXPIHUHQFH�
IRU�ULVN�IDFWRUV�RI�FHUWDLQ�UHODWHG�GLVHDVHV�LQ�&KLQHVH�DGXOWV��6WXG\�RQ�RSWLPDO�
FXW�RII�SRLQWV�RI�ERG\�PDVV�LQGH[�DQG�ZDLVW�FLUFXPIHUHQFH�LQ�&KLQHVH�DGXOWV��
$VLD� 3DFLILF� -RXUQDO� RI� &OLQLFDO� 1XWULWLRQ�� ���V���� 6����6����� GRL��
��������M��������������V����[ 
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Appendix 

 
7DEOH�$��&RUUHODWLRQV�EHWZHHQ�WKH�FRPSRVLWH�KRXVLQJ�FRQGLWLRQ�LQGH[�DQG�

LQGLYLGXDO�KRXVLQJ�FRQGLWLRQ�YDULDEOHV 

 
+RXVLQJ�
FRQGLWLRQ�
LQGH[ 

7DS�  
ZDWHU 

,QGRRU�
IOXVKLQJ�
WRLOHW 

&OHDQ�
FRRNLQJ�
IXHOV 

1R�
H[FUHWD�
DURXQG�

GZHOOLQJV 

(OHFWULFDO�
DSSOLDQFH 

+HDOWK�
LQIUDVWUXFWXUH 

7UDGLWLRQDO�
PDUNHW 

+RXVLQJ�FRQGLWLRQ�LQGH[ ������         
7DS�ZDWHU ������  ������        
,QGRRU�IOXVKLQJ�WRLOHW ������  ������  ������       
&OHDQ�FRRNLQJ�IXHOV ������  ������  ������  ������      
1R�H[FUHWD�DURXQG�GZHOOLQJV ������  ������  ������  ������  ������     
(OHFWULFDO�DSSOLDQFH ������  ������  ������  ������  ������  ������    
+HDOWK�LQIUDVWUXFWXUH ������  ������  ������  ������  ������  ������  ������   
7UDGLWLRQDO�PDUNHW ������  ������  ������  ������  ������  ������  �������  ������  

1RWHV��(VWLPDWLRQ�PHWKRGV� �3HDUVRQ�FRUUHODWLRQ�IRU�WZR�FRQWLQXRXV�YDULDEOHV��SRO\VHULDO�FRUUHODWLRQ�IRU�
RQH�ELQDU\�YDULDEOH�DQG�RQH�FRQWLQXRXV�YDULDEOH��DQG�SRO\FKRULF�FRUUHODWLRQ�IRU�WZR�ELQDU\�YDULDEOHV���S�
������� 
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7DEOH�$��&RQWURO�DQG�KRXVLQJ�FRQGLWLRQ�YDULDEOH�PHDQV��%\�ZDYH�DQG�WUHDWHG�FRQWURO�JURXS 
9DULDEOHV 

����  ����  ����  ����  ����  ����  ���� 
7UHDWHG &RQWURO  7UHDWHG &RQWURO  7UHDWHG &RQWURO  7UHDWHG &RQWURO  7UHDWHG &RQWURO  7UHDWHG &RQWURO  7UHDWHG &RQWURO 

&RQWURO�YDULDEOHV                     
*HQGHU���� �PDOH���� �IHPDOH� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
$JH��LQ�\HDUV� �������  �������   �������  �������   �������  �������   �������  �������   �������  �������   �������  �������   �������  �������  
$JH�JURXS�                     
����� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
����� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
��� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
0DULWDO�VWDWXV�                     
6LQJOH�  ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
0DUULHG�  ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
'LYRUFHG�ZLGRZHG�VHSDUDWHG ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
(GXFDWLRQ�OHYHO�                     
/RZ ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
0HGLXP�  ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
+LJK ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
:RUNLQJ�VWDWXV���� �\HV���� �QR� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
3HU�FDSLWD�KRXVHKROG�LQFRPH��ORJJHG� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
+RXVHKROG�VL]H ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
+RXVLQJ�FRQGLWLRQV�YDULDEOHV                     
,QGRRU�WDS�ZDWHU���� �\HV���� �QR� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
,QGRRU�IOXVKLQJ�WRLOHW���� �\HV���� �QR� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
&OHDQ�FRRNLQJ�IXHOV���� �\HV���� �QR� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
1R�H[FUHWD�DURXQG�GZHOOLQJV���� �\HV���� �QR� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
1XPEHU�RI�HOHFWULFDO�DSSOLDQFHV������ ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
&RPPXQLW\�KHDOWK�LQIUDVWUXFWXUH�LQGH[������� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
7UDGLWLRQDO�PDUNHW�LQGH[������� ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������   ������  ������  
&RPSRVLWH�KRXVLQJ�FRQGLWLRQ�LQGH[ �������  �������   �������  �������   �������  �������   ������  �������   ������  �������   ������  �������   ������  �������  
$ERYH�WKH�PHGLDQ�RI�KRXVLQJ�FRQGLWLRQ�LQGH[���� ��  �  ������  �  ������  �  ������  �  ������  �  ������  �  �����  � 
2EV��  ��� ����  ���� ����  ���� ���  ��� ���  ��� ���  ��� ���  ��� ��� 

1RWHV��7UHDWPHQW�JURXS� �LQGLYLGXDOV�ZKRVH�FRPSRVLWH�KRXVLQJ�FRQGLWLRQV�LQGH[�LV�HYHU�LQ�WKH�XSSHU�PHGLDQ�RI�WKH��DOO�ZDYH�SRROHG��LQGH[�GLVWULEXWLRQ��  
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Table A3 Attrition bias: Variable addition test 
 Full 

sample 
 Female  Male 

ATT of improved housing conditions -0.021*  -0.028*  -0.013 
 (0.012)  (0.016)  (0.017) 
Total number of observed waves in panel  -0.002  -0.003  -0.002 
 (0.003)  (0.005)  (0.004) 
Year FE Y  Y  Y 
Time-variant individual and household controls Y  Y  Y 
Adjusted R2 0.131  0.128  0.127 
N 11232  5837  5395 

Notes: ATT = average treatment effect on the treated. The DID estimates are based on the linear 
probability model. Because the total number of observed waves in the panel data is constant for every 
individual, the variable addition test includes no fixed individual effects. The time-variant individual and 
household controls include age group (0 = 18-34, 1 = 35-59, 2 = 60+, 0 as the reference group), marital 
status (0 = never married, 1 = married, 2 = divorced/widowed/separated, 0 as the reference group), 
education (0 = low: illiterate, 1 = medium: primary/middle school, 2 = high: high 
school/technical/vocational or above, 0 as the reference group), working status (0 = no, 1 = yes), logged 
per capita household income, and household size. Standard errors clustered at the individual level are in 
parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. 
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)LJXUH�$��6WDQGDUGL]HG�GLIIHUHQFHV�LQ�FRQWURO�YDULDEOHV�EHIRUH�DQG�DIWHU�UDGLXV�PDWFKLQJ 

 

 
)LJXUH�$��6WDQGDUGL]HG�GLIIHUHQFHV�LQ�FRQWURO�YDULDEOHV�EHIRUH�DQG�DIWHU�0DKDODQRELV�GLVWDQFH�

PDWFKLQJ 
 


