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Background: Ambient air pollution has been identified as a major threat to human health. Numerous studies have
consistently shown associations between several air pollutants (e.g., fine particulate matter with diameters ≤2.5 µm; PM2.5)
and cause-specific morbidity and mortality. Consequently, national and international air quality standards and limit values
have been established to guide exposure reductions, prevent premature deaths, and improve public health. However, not all
air pollutants are subject to regulation. For instance, ultrafine particles (particles with diameters ≤ 100 nm ≙ 0.1 µm; UFP)
remain unregulated due to limited monitoring, few multicenter epidemiological studies, and conflicting epidemiological
evidence. Therefore, the objective of our study was to conduct a multicenter time-series analysis to examine the short-term
health effects of UFP exposure on cause-specific mortality and hospital admissions in Germany.

Material and methods: We obtained daily counts of cause-specific cardiorespiratory mortality and hospital admission
endpoints between 2010 and 2017 in the three German cities Dresden, Leipzig, and Augsburg. Daily averages of UFP
number concentrations (10-100 nm) and size-fractionated particle number concentrations (e.g., total particle number
concentration, PNC, 10-800 nm) were measured at six fixed monitoring sites, in addition to PM2.5, nitrogen dioxide (NO2),
and black carbon (BC). We applied station-specific confounder-adjusted Poisson regression models to assess immediate (lag
0-1), delayed (lag 2-4, lag 5-7), and cumulative (lag 0-7) effects and used a novel multi-level meta-analytical approach to
obtain pooled risk estimates. We performed two-pollutant models to investigate interdependencies between pollutants and
examined possible effect modification by age, sex, and season.

Results: We found that elevated UFP concentrations were associated with a delayed increased risk of respiratory mortality
five to seven days after UFP exposure (4.46% [95% confidence interval, 1.52% to 7.48%] per 3,223 particles/cm3).
Moreover, particles of the smallest size mode, the nucleation mode (10-30 nm), showed larger risks compared to larger
particles. Comparable results were observed for both the warm and cold seasons and across different age groups; however,
larger effects were seen for women. In contrast, UFP number concentrations did not show a clear association with cause-
specific hospital admissions, suggesting a delayed pattern of an increased risk of respiratory hospital admissions two to four
days after exposure (0.69% [95% confidence interval, -0.28% to 1.67%] per 3,220 particles/cm3). However, larger particle
size fractions, such as accumulation mode particles (100-800 nm), exhibited consistent and more pronounced effects. The
findings indicated a higher risk for children as well as in cold seasons, while the risk for men and women was comparable.
In general, no significant change was observed after adjusting for particulate pollutants. However, the additional adjustment
for NO2 resulted in wider confidence intervals and null findings.

Conclusion: Our study provides evidence that ultrafine air pollution is associated with adverse health effects, particularly in
the respiratory system, and independently of other particulate air pollutants such as PM2.5. Furthermore, the observed effects
may vary by particle size and, to a certain extent, by exposure setting. Further multicenter studies are needed using
harmonized and size- and source-specific UFP measurements to draw definite conclusions on the health effects of UFP.
Finally, the revised EU Ambient Air Quality Directive mandates the monitoring of ultrafine particles at so-called
"monitoring supersites" to support the scientific understanding of the UFP effects on human health and the environment.
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(IILFDF\�RI�+(3$�DLU�SXULILHUV�DW�UHGXFLQJ�EORRG�SUHVVXUH�IRU�QHDU�KLJKZD\�UHVLGHQWV��

'��%UXJJH���0��(OLDV]LZ���9��.XFKKDO���&��0RUVRQ���7��9D]TXH]�'RGHUR���:��*ROGVWHLQ�*HOE���6��.XQZDU���+��*DWHV���)�
0DMOXI���:��=DPRUH���6��2DNOH\�+HUVH\��

�8QLYHUVLW\�RI�&RQQHFWLFXW���7XIWV�8QLYHUVLW\���2OLQ�&ROOHJH���8QLYHUVLW\�RI�&RQQHFWLFXW����7KH�:HOFRPH�3URMHFW���

6RPHUYLOOH�7UDQVSRUWDWLRQ�(TXLW\�3DUWQHUVKLS�

%DFNJURXQG� $LUERUQH SDUWLFXODWH PDWWHU SROOXWLRQ �30� HPDQDWLQJ IURP PRWRU YHKLFOHV LV D OHDGLQJ FDXVH RI FDUGLRYDVFXODU
ULVN DQG LOOQHVV� %ORRG SUHVVXUH �%3� LV RQH LQGLFDWRU RI WKH HIIHFWV RI DQG ULVN IURP H[SRVXUH WR 30� LQFOXGLQJ QHDU
KLJKZD\�XOWUDILQH�DQG�EODFN�FDUERQ�30��

2EMHFWLYHV��7R�DVVHVV�HIILFDF\�RI�LQ�KRPH�DLU�SXULILHUV�WR�UHGXFH�%3�LQ�KHDOWK\�DGXOWV�OLYLQJ�QH[W�WR�KLJKZD\V�

0HWKRGV� :H FRQGXFWHG D GRXEOH EOLQG� UDQGRPL]HG FURVVRYHU WULDO ZLWK RQH PRQWK HDFK RI KLJK HIILFLHQF\ SDUWLFXODWH
DUUHVWDQFH �+(3$� YV� VKDP ILOWUDWLRQ WKDW ZDV FRPSOHWHG E\ ��� SDUWLFLSDQWV� ,QGRRU�RXWGRRU DLU PRQLWRULQJ ZDV FRQGXFWHG
DW D VXEVHW RI KRPHV� %UDFKLDO DQG FHQWUDO %3 ZHUH PHDVXUHG DW WKH VWDUW DQG HQG RI HDFK PRQWK� /LQHDU PL[HG PRGHOV ZHUH
XVHG WR FRPSDUH WKH PHDQ FKDQJH LQ %3 EHWZHHQ WKH +(3$ DQG VKDP ILOWUDWLRQ SHULRGV� :H LQFOXGHG D UDQGRP LQWHUFHSW WR
DFFRXQW IRU ZLWKLQ�SDUWLFLSDQW FRUUHODWLRQ RI UHSHDWHG %3 PHDVXUHPHQWV� VHTXHQFH DQG SHULRG HIIHFWV� 0RGHOV ZHUH DGMXVWHG
IRU SDUWLFLSDQW¶V DJH� VH[� %3 PHDVXUHPHQW DW VWDUW RI HDFK LQWHUYHQWLRQ SHULRG� QXPEHU RI KRXUV VSHQW LQGRRUV D ZHHN SULRU
WR�WKH�%3�PHDVXUHPHQW��DQG�RXWGRRU�WHPSHUDWXUH�DQG�SHUFHLYHG�VWUHVV�VFRUH�DW�WKH�WLPH�RI�WKH�%3�PHDVXUHPHQW�

5HVXOWV� 30��� DQG 8)3 ZHUH UHGXFHG GXULQJ +(3$ FRPSDUHG WR VKDP ILOWUDWLRQ SHULRGV� 7KH RYHUDOO UHVXOWV \LHOGHG QR
VLJQLILFDQW GLIIHUHQFHV LQ %3 EHWZHHQ WKH +(3$ DQG VKDP ILOWUDWLRQ SHULRGV� +RZHYHU� LQ D SUH�SODQQHG VXEJURXS DQDO\VLV�
SDUWLFLSDQWV ZKR KDG DQ HOHYDWHG 6%3 �L�H�� EUDFKLDO ! ��� RU FHQWUDO ! ��� PP+J� DW WKH VWDUW RI WKH LQWHUYHQWLRQ SHULRG KDG
D VLJQLILFDQW ��� PP+J GLIIHUHQFH LQ IDYRU RI +(3$ ILOWUDWLRQ �3  ������ $ VLPLODU ��� PP+J QHW GLIIHUHQFH ZDV REVHUYHG
IRU FHQWUDO 6%3 �3  ������ ,Q FRQWUDVW� RQO\ VPDOO� FOLQLFDOO\ XQLPSRUWDQW� UHGXFWLRQV LQ '%3 ZHUH REVHUYHG WKDW ZHUH QRW
VWDWLVWLFDOO\�VLJQLILFDQW�

&RQFOXVLRQV� ,Q WKLV UDQGRPL]HG FURVVRYHU WULDO WKDW HIIHFWLYHO\ FRQWUROOHG IRU PRVW WLPH LQYDULDQW DQG WLPH YDU\LQJ
FRQIRXQGHUV� ZH VKRZHG WKDW DLU SXULILHU XVH FDQ UHVXOW LQ D FOLQLFDOO\ PHDQLQJIXO UHGXFWLRQ LQ 6%3 IRU SHRSOH ZLWK HOHYDWHG
6%3� 7KXV� DLU SXULILHUV PD\ EH D YLDEOH LQWHUYHQWLRQ IRU DW ULVN SRSXODWLRQV OLYLQJ QHDU KLJK YROXPHV RI PRWRU YHKLFOH
WUDIILF�

�

�

)LJXUH��'LIIHUHQFH�LQ�%3�&KDQJHV�EHWZHHQ�+(3$�DQG�6KDP�)LOWUDWLRQ��0HDQ�GLIIHUHQFHV�ZLWK�����FRQILGHQFH�LQWHUYDOV
RI�FKDQJHV�LQ�%3V�EHWZHHQ�+(3$�DQG�VKDP�ILOWUDWLRQ�
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$VVRFLDWLRQV�EHWZHHQ�6KRUW�7HUP�([SRVXUH�WR�$PELHQW�8OWUDILQH�DQG�)LQH�3DUWLFXODWH�0DWWHU�DQG�%LRPDUNHUV�RI

,QIODPPDWLRQ�DQG�&RDJXODWLRQ�LQ�6HQLRUV�LQ�WKH�*HUPDQ�&RU3X6FXOD�6WXG\�

0��/��-DNREL���.��2JXUWVRYD���3��7KRHONH���6��/XFKW�����/��*ODXELW]���3��+|SSH���'��1RZDN���&��+HUGHU�����3��$QJHUHU���%�
+RIIPDQQ�

�,QVWLWXWH�IRU�2FFXSDWLRQDO�6RFLDO�DQG�(QYLURQPHQWDO�0HGLFLQH��+HLQULFK�+HLQH�8QLYHUVLW\�'�VVHOGRUI���5HDO�:RUOG
(YLGHQFH�	�,QVLJKWV��&DUGLQDO�+HDOWK��'XEOLQ��2+��8QLWHG�6WDWHV���,QVWLWXWH�IRU�2FFXSDWLRQDO��6RFLDO�DQG�(QYLURQPHQWDO
0HGLFLQH��/XGZLJ�0D[LPLOLDQV�8QLYHUVLW\�0XQLFK���,QVWLWXWH�IRU�&OLQLFDO�'LDEHWRORJ\��*HUPDQ�'LDEHWHV�&HQWHU���

'HSDUWPHQW�RI�(QGRFULQRORJ\�DQG�'LDEHWRORJ\��+HLQULFK�+HLQH�8QLYHUVLW\�'�VVHOGRUI�

,QWURGXFWLRQ� 7KH FXUUHQW HYLGHQFH RQ WKH VKRUW�WHUP HIIHFWV RI XOWUDILQH SDUWLFOHV �8)3� RQ ELRPDUNHUV UHPDLQV
LQFRQFOXVLYH� DV RQO\ D OLPLWHG QXPEHU RI VWXGLHV KDYH DFFRXQWHG IRU FR�SROOXWDQWV RU DQDO\]HG PXOWLSOH WLPH SRLQWV� ,Q WKLV
VWXG\� ZH DQDO\]HG WKH DVVRFLDWLRQV EHWZHHQ VKRUW�WHUP H[SRVXUH WR DPELHQW XOWUDILQH DQG ILQH SDUWLFXODWH PDWWHU DQG
ELRPDUNHUV�RI�LQIODPPDWLRQ�DQG�FRDJXODWLRQ�LQ�HOGHUO\�LQVWLWXWLRQDOL]HG�SDUWLFLSDQWV�RI�WKH�&RU3X6FXOD�SDQHO�VWXG\�

0HWKRGV� 3DUWLFLSDQWV ZHUH UHFUXLWHG DW WKH VHQLRU UHWLUHPHQW KRPH :RKQVWLIW $XJXVWLQXP 0XQLFK�1RUWK LQ WKH \HDU �����
,QFOXVLRQ FULWHULD ZHUH� ��� DJH !�� \HDUV DQG ��� DYDLODELOLW\ WR SDUWLFLSDWH GXULQJ WKH VWXG\ SHULRG� ([FOXVLRQ FULWHULD ZHUH�
��� SK\VLFDO KHDOWK FRQGLWLRQV SUHYHQWLQJ PHDVXUHPHQWV� ��� FXUUHQW VPRNLQJ� ��� SUHVHQFH RI D SDFHPDNHU� ��� GLDJQRVLV RI
D EORRG GLVRUGHU� DQG ��� XVH RI DQWLFRDJXODQW PHGLFDWLRQ� $W EDVHOLQH� WKH SDUWLFLSDQWV FRPSOHWHG D TXHVWLRQQDLUH RQ
GHPRJUDSKLFV� OLIHVW\OH IDFWRUV� FKURQLF LOOQHVVHV� PHGLFDWLRQV� DQG DOOHUJLHV� 9HQRXV EORRG VDPSOHV ZHUH GUDZQ UHSHDWHGO\
EHWZHHQ�0D\������DQG�-XO\������

8)3 FRQFHQWUDWLRQV ZHUH PHDVXUHG XVLQJ D FRQGHQVDWLRQ SDUWLFOH FRXQWHU �76, ����$� GHWHFWLQJ SDUWLFOHV !� QP�� ORFDWHG �
NP IURP WKH UHWLUHPHQW KRPH� 3DUWLFXODWH PDWWHU FRQFHQWUDWLRQV �30�� DQG 30���� ZHUH PHDVXUHG XVLQJ D /RZ 9ROXPH
6DPSOHU �/96�� /HFNHO� SRVLWLRQHG LQ WKH JDUGHQ RI WKH UHWLUHPHQW KRPH� �� P IURP WKH UHVLGHQWLDO URDG� 'DWD RQ FR�
SROOXWDQWV �12�� 2�� DQG PHWHRURORJLFDO FRQGLWLRQV ZHUH JDWKHUHG DW D VWDWH XUEDQ EDFNJURXQG PRQLWRULQJ VWDWLRQ DQG DW WKH
0HWHRURORJLFDO ,QVWLWXWH LQ 0XQLFK� +RXUO\ PHDQ YDOXHV ZHUH XVHG WR FDOFXODWH LQGLYLGXDO H[SRVXUHV IRU ���� ���� �� DQG
��KRXU SHULRGV EHIRUH YHQRSXQFWXUH� DV ZHOO DV ODJJHG H[SRVXUHV IRU ODJV �� �� DQG � FDOHQGDU GD\V� %LRPDUNHUV RI
LQIODPPDWLRQ DQG FRDJXODWLRQ� LQFOXGLQJ &�UHDFWLYH SURWHLQ �&53�� ILEULQRJHQ� YRQ :LOOHEUDQG IDFWRU �9:)�� SODVPLQRJHQ
DFWLYDWRU LQKLELWRU�� �3$,��� DQG IDFWRU 9,,, �)9,,,�� ZHUH DQDO\]HG� $VVRFLDWLRQV EHWZHHQ VKRUW�WHUP H[SRVXUH WR DLU
SROOXWDQWV �8)3� 30���� DQG 30��� DQG WKHVH ELRPDUNHUV ZHUH DVVHVVHG XVLQJ OLQHDU PL[HG�HIIHFWV UHJUHVVLRQ PRGHOV
DGMXVWHG IRU HQYLURQPHQWDO DQG LQGLYLGXDO FRQIRXQGHUV� 7ZR�SROOXWDQW DQG PXOWLSROOXWDQW PRGHOV DGMXVWHG IRU 12� DQG
2���)RU�8)3�PRGHOV��DGGLWLRQDO�DGMXVWPHQWV�ZHUH�PDGH�IRU�30����OHYHOV�

5HVXOWV� 7KH VWXG\ LQFOXGHG �� SDUWLFLSDQWV �PHDQ DJH DW EDVHOLQH� ���� \HDUV� ��� IHPDOH� ZLWK ��� WRWDO REVHUYDWLRQV
�PHDQ ���� SHU SHUVRQ� DQG LGHQWLILHG SRVLWLYH DVVRFLDWLRQV EHWZHHQ 8)3� 30��� DQG 30��� DQG &53 ZLWK VSHFLILF WLPH
SRLQWV IRU HDFK SROOXWDQW� $GGLWLRQDOO\� 8)3 ZDV SRVLWLYHO\ DVVRFLDWHG ZLWK 3$,��� 1HJDWLYH DVVRFLDWLRQV ZHUH REVHUYHG
EHWZHHQ 8)3� 30��� DQG 30��� DQG ILEULQRJHQ� )9,,,� DQG Y:) IRU YDULRXV ODJJHG WLPH SHULRGV� $VVRFLDWLRQV RI 8)3 DQG
ILQH 30 ZLWK ILEULQRJHQ ZHUH QRW UREXVW WR DGMXVWPHQW IRU 12�� 2�� RU 30��� LQ PXOWL�SROOXWDQW PRGHOV� ZKHUHDV
DVVRFLDWLRQV�IRU�RWKHU�ELRPDUNHUV�UHPDLQHG�ODUJHO\�FRQVLVWHQW�

'LVFXVVLRQ� 6KRUW�WHUP H[SRVXUH WR FRQFHQWUDWLRQV RI DPELHQW 8)3 DQG ILQH SDUWLFXODWH PDWWHU ZDV DVVRFLDWHG ZLWK VHYHUDO
ELRPDUNHUV RI LQIODPPDWLRQ DQG FRDJXODWLRQ LQ D SDQHO VWXG\ LQYROYLQJ UHVLGHQWV RI D VHQLRU UHWLUHPHQW KRPH� DQG PRVW
DVVRFLDWLRQV�UHPDLQHG�UREXVW�DIWHU�FR�SROOXWDQWV�DGMXVWPHQW�

�
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6WXG\LQJ�DGYHUVH�HIIHFWV�RI�GLHVHO�H[KDXVW�SDUWLFOHV�RQ�KXPDQ�LQWHVWLQH�WLVVXH�LQ�YLWUR�

*��*XQDVLQJDP���5��+H���$��3HWUL�)LQN�����%��5RWKHQ�5XWLVKDXVHU��

�$GROSKH�0HUNOH�,QVWLWXWH��8QLYHUVLW\�RI�)ULERXUJ��&KHPLQ�GHV�9HUGLHUV���������)ULERXUJ��6ZLW]HUODQG���&KHPLVWU\
'HSDUWPHQW��8QLYHUVLW\�RI�)ULERXUJ��&KHPLQ�GX�0XVpH���������)ULERXUJ��6ZLW]HUODQG�

7UDIILF�ERUQH SROOXWDQWV UHSUHVHQW D PDMRU SURSRUWLRQ RI DPELHQW DLU SROOXWLRQ DQG DUH NQRZQ WR FRQWULEXWH WR DGYHUVH KXPDQ
KHDOWK HIIHFWV� )UDFWLRQV RI WKHVH SDUWLFOHV FDQ EH GHSRVLWHG ZLWKLQ WKH UHVSLUDWRU\ WUDFW XSRQ LQKDODWLRQ� 8OWUDILQH SDUWLFOHV
�8)3V� FDQ HYHQ WUDQVORFDWH IURP WKH DOYHROL DFURVV WKH DLU�EORRG WLVVXH EDUULHU LQWR WKH EORRGVWUHDP DQG DFFXPXODWH LQ
VHFRQGDU\ RUJDQV EH\RQG WKH OXQJV� VXFK DV WKH EUDLQ� OLYHU� NLGQH\V� DQG LQWHVWLQHV� 8QGHUVWDQGLQJ WKH LPSDFWV RI 8)3V RQ
VHFRQGDU\�RUJDQV�UHPDLQV�DQ�DUHD�RI�DFWLYH�LQYHVWLJDWLRQ�

7KLV VWXG\ DLPV WR HYDOXDWH WKH HIIHFWV RI VWDQGDUG GLHVHO H[KDXVW SDUWLFOHV �'(3V� RQ KXPDQ LQWHVWLQH WLVVXH LQ YLWUR� 'LUHFW
H[SRVXUH WR '(3V VLPXODWHV SDUWLFOHV WKDW DUH VZDOORZHG DIWHU EHLQJ FOHDUHG E\ WKH DLUZD\ PXFRFLOLDU\ DFWLYLW\ DIWHU
LQKDODWLRQ DQG GHSRVLWLRQ LQ WKH DLUZD\V� ,QGLUHFW H[SRVXUH VLPXODWHV WKH FRPSRQHQWV� LQFOXGLQJ WUDQVORFDWHG SDUWLFOHV IURP
WKH OXQJV DQG OXQJ�GHULYHG PHGLDWRUV� FLUFXODWLQJ E\ WKH EORRG FLUFXODWLRQ WR WKH VHFRQGDU\ RUJDQV� +XPDQ LQWHVWLQDO WLVVXHV
FRPSRVHG RI KXPDQ HQWHURF\WHV� DQG PXFXV�SURGXFLQJ FHOOV ZHUH FXOWXUHG IRU �� GD\V� DQG WKHQ PDFURSKDJHV ZHUH DGGHG
WR LQYHVWLJDWH WKHVH HIIHFWV� 'LUHFW H[SRVXUH LQYROYHG WUHDWLQJ LQWHVWLQDO WLVVXHV ZLWK '(3V DW �� ��� DQG �� �J�P/
FRQFHQWUDWLRQV IRU ��� ��� DQG �� KRXUV� ,QGLUHFW H[SRVXUH XVHG FRQGLWLRQHG PHGLD IURP '(3�WUHDWHG KXPDQ OXQJ WLVVXHV�
%LRORJLFDO UHVSRQVHV� LQFOXGLQJ LQIODPPDWRU\ UHDFWLRQV� [HQRELRWLF PHWDEROLVP� DQG JHQRWR[LFLW\ RI WKH LQWHVWLQH WLVVXH�
ZHUH�DQDO\]HG�

:H IRXQG WKDW GLUHFW H[SRVXUH WR '(3V SUHGRPLQDQWO\ DFFHQWXDWHG [HQRELRWLF PHWDEROLVP ZLWK WKH XSUHJXODWLRQ RI JHQHV
HQFRGLQJ IRU SURWHLQV VXFK DV DU\O K\GURFDUERQ UHFHSWRU �$K5� DQG &\WRFKURPH 3��� PRQRR[\JHQDVH� EXW QR LQIODPPDWRU\
UHDFWLRQV� ,QGLUHFW H[SRVXUH ZLWK FRQGLWLRQHG PHGLD SULPDULO\ WULJJHUHG LQIODPPDWRU\ UHVSRQVHV LQ LQWHVWLQDO FHOOV� ZLWK DQ
LQFUHDVHG UHOHDVH RI WKH SUR�LQIODPPDWRU\ FKHPRNLQH LQWHUOHXNLQ�� �,/���� VXJJHVWLQJ WKDW PHGLDWRUV RULJLQDWLQJ IURP WKH
OXQJV DUH OLNHO\ SLYRWDO FRQWULEXWRUV WR WKH REVHUYHG VHFRQGDU\ WLVVXH HIIHFWV� )XUWKHUPRUH� JHQHV LQYROYHG LQ '1$ GDPDJH
DQG UHSDLU SDWKZD\V � VSHFLILFDOO\ $75� &+(.�� DQG *$''��$ � ZHUH XSUHJXODWHG LQ ERWK GLUHFW DQG LQGLUHFW H[SRVXUH
VFHQDULRV��LPSOLFDWLQJ�'(3V�LQ�WKH�SRWHQWLDO�LQGXFWLRQ�RI�JHQRWR[LFLW\�LQ�LQWHVWLQDO�FHOOV��

2XU ILQGLQJV UHYHDO WKDW '(3V DGYHUVH HIIHFWV RQ KXPDQ LQWHVWLQH WLVVXH GHSHQGLQJ RQ WKH URXWH RI H[SRVXUH DQG WKDW OXQJ�
PHGLDWHG� SUR�LQIODPPDWRU\ PHGLDWRUV FRXOG LQIOXHQFH WKH KRPRHRVWDWLF FRQGLWLRQV RI WKH WLVVXH� %XLOGLQJ RQ WKHVH LQVLJKWV�
ZH DGYRFDWH IRU WKH LQGLUHFW H[SRVXUH DSSURDFK LQ RXU IXUWKHU VWXG\ XWLOL]LQJ FRQGLWLRQHG PHGLD IURP DGYDQFHG KXPDQ OXQJ
WLVVXH�FXOWXUHV�H[SRVHG�WR�UHDO�ZRUOG�HQJLQH�HPLVVLRQV��

$FNQRZOHGJHPHQWV�

8/75+$V�IURP�WKH�(XURSHDQ�8QLRQ¶V�+RUL]RQ������UHVHDUFK�DQG�LQQRYDWLYH�SURJUDP�XQGHU�JUDQW�DJUHHPHQW�1R
������
$GROSKH�0HUNOH�)RXQGDWLRQ�
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$VVRFLDWLRQV�EHWZHHQ�30����FRPSRQHQWV��EUDNH�DQG�W\UH�ZHDU�PDUNHUV��XOWUDILQH�SDUWLFOHV��DQG�FKLOGKRRG�FDQFHUV�LQ

&DQDGD�

(��/DYLJQH���6��:HLFKHQWKDO���0��&ORXWLHU�

�(QYLURQPHQWDO�+HDOWK�6FLHQFH�DQG�5HVHDUFK�%XUHDX��+HDOWK�&DQDGD��2WWDZD��2QWDULR��&DQDGD���'HSDUWPHQW�RI
(SLGHPLRORJ\��%LRVWDWLVWLFV��DQG�2FFXSDWLRQDO�+HDOWK��0F*LOO�8QLYHUVLW\��0RQWUHDO��4XHEHF��&DQDGD�

%DFNJURXQG� 3UHQDWDO H[SRVXUH WR ILQH SDUWLFXODWH PDWWHU �30���� DQG XOWUDILQH SDUWLFOHV �8)3V� LV OLQNHG WR FKLOGKRRG
FDQFHUV� EXW WKH UROH RI LWV FRPSRQHQWV� HVSHFLDOO\ EUDNH DQG W\UH ZHDU SDUWLFOHV� DUH XQFOHDU� 7KH REMHFWLYH RI WKLV VWXG\ ZDV
WR�H[DPLQH�WKH�DVVRFLDWLRQV�EHWZHHQ�HDUO\�OLIH�30����FRPSRQHQWV�H[SRVXUH�DQG�FKLOGKRRG�FDQFHU�ULVN�

0HWKRGV� 7KLV ZDV D UHWURVSHFWLYH HSLGHPLRORJLFDO FRKRUW VWXG\ LQFOXGLQJ RYHU � PLOOLRQ VLQJOHWRQ OLYH ELUWKV DFURVV
&DQDGD IURP ���� WR ����� ZLWK IROORZ�XS XQWLO DJH � IRU FDQFHU LQFLGHQFH� (DUO\ OLIH H[SRVXUH WR 30��� FRPSRQHQWV �EODFN
FDUERQ� GXVW� DPPRQLXP� QLWUDWH� RUJDQLF PDWWHU� VXOIDWH� VHD VDOW DQG PHWDO FRPSRQHQWV� DV ZHOO DV 8)3V ZHUH DVVHVVHG
IURP FRQFHSWLRQ WR �� ZHHNV DV ZHOO DV GXULQJ FKLOGKRRG XVLQJ UHVLGHQWLDO DGGUHVV DW ELUWK WR DVVLJQ H[SRVXUHV�
30��� FRQFHQWUDWLRQV DQG 8)3V ZHUH HVWLPDWHG IURP VDWHOOLWH GDWD� D FKHPLFDO WUDQVSRUW PRGHO� DQG JURXQG�EDVHG
PHDVXUHPHQWV� 7KH SULPDU\ RXWFRPH ZDV FDQFHU GLDJQRVLV E\ DJH � DQG VXEW\SHV LQFOXGHG OHXNHPLD� QRQ�+RGJNLQ
O\PSKRPD DQG DVWURF\WRPD� &R[ SURSRUWLRQDO KD]DUGV PRGHOV DVVHVVHG WKH DVVRFLDWLRQV EHWZHHQ WKH H[SRVXUHV DQG FDQFHU
LQFLGHQFH�

5HVXOWV� $PRQJ RYHU � PLOOLRQ ELUWKV� SUHQDWDO H[SRVXUH WR VXOIDWH �62��� %DULXP >%D@ DV D PDUNHU RI EUDNH GXVW DQG 8)3V
ZHUH DVVRFLDWHG ZLWK WKH ULVN RI DVWURF\WRPD� D W\SH RI EUDLQ WXPRU� 7KH HIIHFWV ZHUH SDUWLFXODUO\ REVHUYHG GXULQJ WKH
VHFRQG WULPHVWHU RI SUHJQDQF\ H[SRVXUH� (IIHFWV RI 62�ZHUH IRXQG IRU WKH LPSDFW RQ DFXWH O\PSKREODVWLF OHXNHPLD� (IIHFWV
DSSHDUHG�PRUH�SURQRXQFHG�DPRQJ�PRUH�GHSULYHG�VRFLRHFRQRPLF�VWDWXV�SRSXODWLRQV�

&RQFOXVLRQV DQG 5HOHYDQFH� 3UHQDWDO 30��� FRPSRQHQWV� 8)3V DQG D VSHFLILF PDUNHU RI EUDNH GXVW ZHDU ZHUH DVVRFLDWHG
ZLWK VSHFLILF W\SHV RI FKLOGKRRG FDQFHUV� 7KHVH ILQGLQJV XQGHUVFRUH WKH QHHG IRU IXUWKHU UHVHDUFK WR XQGHUVWDQG FRPSRQHQWV
RI�SDUWLFOH¶V�UROH�LQ�WKH�GHYHORSPHQW�RI�FDQFHUV�LQ�FKLOGUHQ�
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