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Abstract
Industrial wind turbines (IWTs) are a new source of noise in previously quiet rural environments. Environmental noise is a 
public health concern, of which sleep disruption is a major factor. To compare sleep and general health outcomes between 
participants living close to IWTs and those living further away from them, participants living between 375 and 1400 m (n 
 �����DQG�����DQG�����NP��Q� �����IURP�,:7V�ZHUH�HQUROOHG�LQ�D�VWUDWL¿HG�FURVV�VHFWLRQDO�VWXG\�LQYROYLQJ�WZR�UXUDO�VLWHV��
Validated questionnaires were used to collect information on sleep quality (Pittsburgh Sleep Quality Index — PSQI), daytime 
sleepiness (Epworth Sleepiness Score — ESS), and general health (SF36v2), together with psychiatric disorders, attitude, and 
demographics. Descriptive and multivariate analyses were performed to investigate the effect of the main exposure variable 
of interest (distance to the nearest IWT) on various health outcome measures. Participants living within 1.4 km of an IWT 
had worse sleep, were sleepier during the day, and had worse SF36 Mental Component Scores compared to those living 
IXUWKHU�WKDQ�����NP�DZD\��6LJQL¿FDQW�GRVH�UHVSRQVH�UHODWLRQVKLSV�EHWZHHQ�364,��(66��6)���0HQWDO�&RPSRQHQW�6FRUH��DQG�
ORJ�GLVWDQFH�WR�WKH�QHDUHVW�,:7�ZHUH�LGHQWL¿HG�DIWHU�FRQWUROOLQJ�IRU�JHQGHU��DJH��DQG�KRXVHKROG�FOXVWHULQJ��7KH�DGYHUVH�HYHQW�
reports of sleep disturbance and ill health by those living close to IWTs are supported. 

Keywords: Health, industrial wind turbines, noise, sleep

Introduction

(QYLURQPHQWDO� QRLVH� LV� HPHUJLQJ� DV� RQH�RI� WKH�PDMRU� SXEOLF�
KHDOWK� FRQFHUQV� RI� WKH� WZHQW\�¿UVW� FHQWXU\�[1]� 7KH� GULYH� WR�
µUHQHZDEOH¶�� ORZ�FDUERQ� HQHUJ\� VRXUFHV�� KDV� UHVXOWHG� LQ�
,QGXVWULDO�:LQG�7XUELQHV��,:7V��EHLQJ�VLWHG�FORVHU�WR�KRPHV�LQ�
WUDGLWLRQDOO\�TXLHW�UXUDO�DUHDV�WR�UHGXFH�WUDQVPLVVLRQ�ORVVHV�DQG�
FRVWV��,QFUHDVLQJ�QXPEHUV�RI�FRPSODLQWV�DERXW�VOHHS�GLVWXUEDQFH�
DQG� DGYHUVH� KHDOWK� HIIHFWV� KDYH� EHHQ� GRFXPHQWHG�[2-4]� ZKLOH�
LQGXVWU\�DQG�JRYHUQPHQW�UHYLHZV�KDYH�DUJXHG�WKDW�WKH�HIIHFWV�
DUH� WULYLDO� DQG� WKDW� FXUUHQW� JXLGDQFH� LV� DGHTXDWH� WR� SURWHFW�
WKH� UHVLGHQWV�[5,6]� :H� XQGHUWRRN� DQ� HSLGHPLRORJLFDO� VWXG\� WR�
LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHSRUWHG�DGYHUVH�KHDOWK�
HIIHFWV�DQG�,:7V�DPRQJ�UHVLGHQWV�RI�WZR�UXUDO�FRPPXQLWLHV�

Methods

General study design
7KLV� LQYHVWLJDWLRQ� LV� D� VWUDWL¿HG� FURVV�VHFWLRQDO� VWXG\�
LQYROYLQJ� WZR� VLWHV�� 0DUV� +LOO� DQG� 9LQDOKDYHQ�� 0DLQH��

86$��$�TXHVWLRQQDLUH�ZDV�RIIHUHG� WR� DOO� UHVLGHQWV�PHHWLQJ�
WKH�SDUWLFLSDQW�LQFOXVLRQ�FULWHULD�DQG�OLYLQJ�ZLWKLQ�����NP�RI�
DQ�LQGXVWULDO�ZLQG�WXUELQH��,:7��DQG�WR�D�UDQGRP�VDPSOH�RI�
UHVLGHQWV��PHHWLQJ� SDUWLFLSDQW� LQFOXVLRQ� FULWHULD�� OLYLQJ��� WR�
��NP� IURP�DQ� ,:7�EHWZHHQ�0DUFK�DQG� -XO\�RI�������7KH�
SURWRFRO�ZDV�UHYLHZHG�DQG�DSSURYHG�E\�,QVWLWXWLRQDO�5HYLHZ�
%RDUG�6HUYLFHV��RI�$XURUD��2QWDULR��&DQDGD�

Questionnaire development
$GYHUVH� HYHQW� UHSRUWV� ZHUH� UHYLHZHG�� WRJHWKHU� ZLWK� WKH�
UHVXOWV� RI� D� VPDOOHU� SLORW� VXUYH\� RI�0DUV� +LOO� UHVLGHQWV��$�
TXHVWLRQQDLUH�ZDV�GHYHORSHG��ZKLFK�FRPSULVHG�RI�YDOLGDWHG�
LQVWUXPHQWV� UHODWLQJ� WR� PHQWDO� DQG� SK\VLFDO� KHDOWK� �6)��
��Y��[7]� DQG� VOHHS� GLVWXUEDQFH� ��3LWWVEXUJK� 6OHHS� 4XDOLW\�
,QGH[��364,�[8]�DQG�WKH�(SZRUWK�6OHHSLQHVV�6FDOH��(66�[9]���
,Q� DGGLWLRQ�� SDUWLFLSDQWV� ZHUH� DVNHG� EHIRUH�DQG�DIWHU� ,:7�
TXHVWLRQV�DERXW�VOHHS�TXDOLW\�DQG�LQVRPQLD��DWWLWXGH�WRZDUG�
,:7V��DQG�SV\FKLDWULF�GLVRUGHUV��$�364,�VFRUH�!���ZDV�WDNHQ�
WR� LQGLFDWH�SRRU�VOHHS�DQG�DQ�(66�VFRUH�!����ZDV� WDNHQ� WR�
LQGLFDWH�FOLQLFDOO\�UHOHYDQW�GD\WLPH�VOHHSLQHVV�[1-4]�5HVSRQVHV�
WR�IXQFWLRQDO�DQG�DWWLWXGLQDO�TXHVWLRQV�ZHUH�JUDGHG�RQ�D�¿YH�
SRLQW�/LNHUW�VFDOH�ZLWK���UHSUHVHQWLQJ�WKH�OHDVW�HIIHFW�DQG���
WKH�JUHDWHVW��7KH�TXHVWLRQQDLUH�LV�DYDLODEOH�RQ�UHTXHVW�

Study sites and participant selection
7KH� 0DUV� +LOO� VLWH� LV� D� OLQHDU� DUUDQJHPHQW� RI� ��� *HQHUDO�
(OHFWULF� ���� PHJDZDWW� WXUELQHV�� VLWHG� RQ� D� ULGJHOLQH�� 7KH�
9LQDOKDYHQ�VLWH�LV�D�FOXVWHU�RI�WKUHH�VLPLODU�WXUELQHV�VLWHG�RQ�
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D� ORZ�O\LQJ�� WUHH�FRYHUHG� LVODQG��$OO� UHVLGHQWV� OLYLQJ�ZLWKLQ�
����NP�RI�DQ�,:7��DW�HDFK�VLWH��ZHUH�LGHQWL¿HG�YLD�WD[�PDSV��
DQG� DSSURDFKHG� HLWKHU� GRRU�WR�GRRU� RU� YLD� WHOHSKRQH� DQG�
DVNHG� WR�SDUWLFLSDWH� LQ� WKH� VWXG\� �QHDU� JURXS���+RPHV�ZHUH�
YLVLWHG�WKULFH�RU�XQWLO�FRQWDFW�ZDV�PDGH��7KRVH�EHORZ�WKH�DJH�
RI����RU�ZLWK�D�GLDJQRVHG�FRJQLWLYH�GLVRUGHU�ZHUH�H[FOXGHG��
$� UDQGRP� VDPSOH� RI� KRXVHKROGV� LQ� VLPLODU� VRFLRHFRQRPLF�
DUHDV����WR���NP�DZD\�IURP�,:7V�DW�HDFK�VLWH��ZHUH�FKRVHQ�WR�
SDUWLFLSDWH�LQ�WKH�VWXG\�WR�DOORZ�IRU�FRPSDULVRQ��IDU�JURXS���
7KH�KRXVHKROGV�ZHUH�DSSURDFKHG�VHTXHQWLDOO\�XQWLO�D�VLPLODU�
QXPEHU� RI� SDUWLFLSDQWV� ZHUH� HQUROOHG��$� QXUVH� SUDFWLWLRQHU�
VXSHUYLVHG� WKH� GLVWULEXWLRQ� DQG� HQVXUHG� FRPSOHWLRQ� RI� WKH�
TXHVWLRQQDLUHV�

6LPXOWDQHRXV�FROOHFWLRQ�RI�VRXQG�OHYHOV�GXULQJ�GDWD�FROOHFWLRQ�
DW�WKH�SDUWLFLSDQWV¶�UHVLGHQFHV�ZDV�QRW�SRVVLEOH��EXW�PHDVXUHG�
,:7� VRXQG� OHYHOV� DW� YDULRXV� GLVWDQFHV�� DW� ERWK� VLWHV�� ZHUH�
REWDLQHG�IURP�SXEOLFDOO\�DYDLODEOH�VRXUFHV��$W�WKH�0DUV�+LOO�
site, D� IRXU� TXDUWHU� VWXG\�ZDV� FRQGXFWHG� DQG� GDWD� IURP� DOO�
IRXU�VHDVRQV�ZHUH�UHSRUWHG�E\�SRZHU�RXWSXWV�DW�VHYHUDO�NH\�
PHDVXUHPHQW�SRLQWV��7KH�PHDVXUHPHQW�SRLQWV�ZHUH�ORFDWHG�RQ�
RU�QHDU�UHVLGHQWLDO�SDUFHOV��7KH�SUHGLFWHG�DQG�PHDVXUHG�OHYHOV�
DW�IXOO�SRZHU�ZHUH�GHULYHG�IURP�¿JXUHV�LQ�WKH�6RXQG�/HYHO�
6WXG\�� &RPSLODWLRQ� RI� $PELHQW� DQG� 4XDUWHUO\� 2SHUDWLRQV�
6RXQG�7HVWLQJ��DQG�WKH�0DLQH�'HSDUWPHQW�RI�(QYLURQPHQWDO�
3URWHFWLRQ� 2UGHU� 1R�� /����������$�1�� 0HDVXUHG� QRLVH�
OHYHOV�YHUVXV�GLVWDQFH�DW�9LQDOKDYHQ�ZHUH�WDNHQ�RYHU�D�VLQJOH�
GD\�LQ�)HEUXDU\�������ZLWK�WKH�WXUELQHV�RSHUDWLQJ�DW�OHVV�WKDQ�
IXOO�SRZHU�LQ�PRGHUDWH�WR�YDULDEOH�QRUWKZHVW�ZLQGV�DORIW��5�
DQG�5�� SHUVRQDO� FRPPXQLFDWLRQ�� �������7DEOH� �� VKRZV� WKH�
HVWLPDWHG�DQG�PHDVXUHG�QRLVH�OHYHOV�DW�ORFDWLRQV�RI�YDU\LQJ�
GLVWDQFHV�DQG�GLUHFWLRQV�IURP�WKH� WXUELQHV�DW�0DUV�+LOO�DQG�
9LQDOKDYHQ�

Data handling and validation
7KH� 3ULQFLSDO� ,QYHVWLJDWRU� �0LFKDHO�1LVVHQEDXP��0'�� GLG�
QRW� KDQGOH� GDWD� DW� DQ\� SRLQW� LQ� WKH� FROOHFWLRQ� RU� DQDO\VLV�
SKDVH�� 4XHVWLRQQDLUH� UHVXOWV� ZHUH� FRGHG� DQG� HQWHUHG� LQWR�
D� VSUHDGVKHHW� �0LFURVRIW� ([FHO� ������� (DFK� TXHVWLRQQDLUH�
JHQHUDWHG� RYHU� ���� GDWD� HOHPHQWV��7KH� GLVWDQFH� IURP� HDFK�
SDUWLFLSDQW¶V� UHVLGHQFH� WR� WKH� QHDUHVW� ,:7� ZDV� PHDVXUHG�
XVLQJ�VDWHOOLWH�PDSV��7KH�6)���9��UHVSRQVHV�ZHUH�SURFHVVHG�
XVLQJ�4XDOLW\�0HWULF� �+HDOWK�2XWFRPHV��6FRULQJ�6RIWZDUH�
��� WR�JHQHUDWH�0HQWDO��0&6��DQG�3K\VLFDO��3&6��&RPSRQHQW�
6FRUHV�

'DWD� TXDOLW\� RI� WKH� 6)���9�� UHVSRQVHV� ZDV� GHWHUPLQHG�
XVLQJ� 4XDOLW\0HWULF� +HDOWK� 2XWFRPHV�� 6FRULQJ� 6RIWZDUH�
����� $OO� 6)���9�� GDWD� TXDOLW\� LQGLFDWRUV� �FRPSOHWHQHVV��
UHVSRQVH�UDQJH��FRQVLVWHQF\��HVWLPDEOH�VFDOH�VFRUHV��LQWHUQDO�
FRQVLVWHQF\�� GLVFULPLQDQW� YDOLGLW\�� DQG� UHOLDEOH� VFDOHV��
H[FHHGHG� WKH� SDUDPHWHU� QRUPV�� 6)� ���9�� PLVVLQJ� YDOXHV�
ZHUH� DXWRPDWLFDOO\� DFFRPPRGDWHG� E\� WKH� VFRULQJ� V\VWHPV�
�������TXHVWLRQV�ZHUH�FRPSOHWHG���1R�PLVVLQJ�YDOXHV�ZHUH�
SUHVHQW� IRU� RWKHU� SDUDPHWHUV� �(66�� 364,�� SV\FKLDWULF� DQG�
DWWLWXGLQDO�REVHUYDWLRQV��DQG�GHPRJUDSKLFV��

Statistical analysis
$OO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6$6������[10]�'HVFULSWLYH�
DQG�PXOWLYDULDWH� DQDO\VHV�ZHUH� SHUIRUPHG� WR� LQYHVWLJDWH� WKH�
HIIHFW�RI�WKH�PDLQ�H[SRVXUH�YDULDEOH�RI�LQWHUHVW��GLVWDQFH�WR�WKH�
QHDUHVW�,:7��RQ�WKH�YDULRXV�RXWFRPH�PHDVXUHV��,QGHSHQGHQW�
YDULDEOHV� DVVHVVHG� LQFOXGHG� WKH� IROORZLQJ�� 6LWH� �0DUV� +LOO��
9LQDOKDYHQ��� 'LVWDQFH� WR� ,:7� �ERWK� DV� D� FDWHJRULFDO� DQG�
FRQWLQXRXV� YDULDEOH��� $JH� �FRQWLQXRXV� YDULDEOH��� *HQGHU�
�FDWHJRULFDO� YDULDEOH��� 7KH� GHSHQGHQW� YDULDEOHV� DVVHVVHG�
LQFOXGHG� WKH� IROORZLQJ�� 6XPPDU\� YDULDEOHV� ²� (SZRUWK�
6OHHSLQHVV�6FDOH��(66���3LWWVEXUJK�6OHHS�4XDOLW\�,QGH[��364,���
6)���9��0HQWDO�&RPSRQHQW�6FRUH��0&6���6)���9��3K\VLFDO�
&RPSRQHQW� 6FRUH� �3&6��� %HIRUH� DQG� DIWHU� SDUDPHWHUV� ²��
VOHHS��SV\FKLDWULF�GLVRUGHUV��ERWK�VHOI�DVVHVVHG�DQG�GLDJQRVHG�
E\� D� SK\VLFLDQ��� DWWLWXGH� WRZDUG� ,:7V�� DQG�0HGLFDWLRQ� XVH�
�ERWK�RYHU�WKH�FRXQWHU�DQG�SUHVFULSWLRQ�GUXJV���$�P�YDOXH�RI���
�����ZDV�UHJDUGHG�DV�EHLQJ�VWDWLVWLFDOO\�VLJQL¿FDQW��

Results

Study participants
7KLUW\�WKUHH� DQG� ��� DGXOWV�ZHUH� LGHQWL¿HG� DV� OLYLQJ�ZLWKLQ�
�����P�RI� WKH�QHDUHVW� ,:7�DW� WKH�0DUV�+LOO� �PHDQ�����P��
UDQJH�����±�������DQG�9LQDOKDYHQ�VLWHV��PHDQ�����P�UDQJH�
����±��������UHVSHFWLYHO\��7ZHQW\�WKUHH�DQG����DGXOWV�DW�WKH�
0DUV�+LOO� DQG�9LQDOKDYHQ� VLWHV� UHVSHFWLYHO\�� FRPSOHWHG� WKH�
TXHVWLRQQDLUHV��5HFUXLWPHQW�RI�SDUWLFLSDQWV�LQWR�WKH�IDU�JURXS�
FRQWLQXHG� XQWLO� WKHUH� ZHUH� VLPLODU� QXPEHUV� DV� LQ� WKH� QHDU�
JURXS�����DQG����IRU�0DUV�+LOO�DQG�9LQDOKDYHQ��UHVSHFWLYHO\�
>7DEOH��@�

Table 1: Measured and predicted noise levels at Mars Hill and 
Vinalhaven

Mars hill
Distance to 
nearestturbine 
(m)1

Predicted 
max. LAeq 

1 hr1

Measured noise LAeq 
1 hr1

Average Range
244 51 52 ���±���
320 48 50 ���±���
366 47 49 ���±���
640 42 44 ���±���
762 41 43 ���±���
1037 39 41 ���±���
1799 35 37 ���±���
9LQDOKDYHQ
'LVWDQFH�WR�QHDUHVW�
WXUELQH��P�2 

Measured Noise LAeq2

7UHQG�$YHUDJH� 5DQJH
152 53 ���±���
366 46 ���±���
595 41 ���±���
869 38 ���±���
1082 36 ���±���
1�9DOXHV�UHDG�RU�GHULYHG�IURP�UHSRUW�¿JXUHV��DFFXUDF\���������P�DQG��������'E�2�9DOXHV�
REWDLQHG�ZLWK�ZLQG�WXUELQH�QRLVH�GRPLQDWLQJ�WKH�DFRXVWLFDO�HQYLURQPHQW��WZR�PLQXWH�
PHDVXUHPHQWV�GXULQJ�PRGHUDWH�WR�YDULDEOH�QRUWKZHVW�ZLQGV�DORIW��OHVV�WKDQ�IXOO�
SRZHU�
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HYLGHQFHG� E\� VLJQL¿FDQWO\� JUHDWHU� PHDQ� 364,� DQG� (66�
VFRUHV� >7DEOH��@��0RUH�SDUWLFLSDQWV� LQ� WKH�QHDU�JURXS�KDG�
364,�!����P� ���������DQG�(66�VFRUHV�!�����P� ����������
EXW� WKH� GLIIHUHQFHV� GLG� QRW� UHDFK� VWDWLVWLFDO� VLJQL¿FDQFH��
3DUWLFLSDQWV� OLYLQJ� QHDU� ,:7V� ZHUH� VLJQL¿FDQWO\� PRUH�
OLNHO\� WR� UHSRUW� DQ� LPSURYHPHQW� LQ� VOHHS� TXDOLW\� ZKHQ�
VOHHSLQJ�DZD\�IURP�KRPH��

7KH� QHDU� JURXS� KDG� ZRUVH� PHQWDO� KHDOWK� DV� HYLGHQFHG�
E\� VLJQL¿FDQWO\� KLJKHU� PHDQ� 6)��� 0&6� �P�  � �������� 
>7DEOH��@��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ�3&6� 
�P� ����������1LQH�SDUWLFLSDQWV�LQ�WKH�QHDU�JURXS�UHSRUWHG�WKDW�
WKH\� KDG� EHHQ� GLDJQRVHG�ZLWK� HLWKHU� GHSUHVVLRQ� RU� DQ[LHW\�
VLQFH� WKH� VWDUW� RI� WXUELQH� RSHUDWLRQV�� FRPSDUHG� WR� QRQH� LQ�
WKH�IDU�JURXS��1LQH�RI�WKH����SDUWLFLSDQWV�LQ�WKH�QHDU�JURXS�
UHSRUWHG� WKDW� WKH\� KDG� EHHQ� SUHVFULEHG� QHZ� SV\FKRWURSLF�
PHGLFDWLRQV� VLQFH� WKH� VWDUW� RI� WXUELQH� RSHUDWLRQV� FRPSDUHG�
ZLWK�WKUHH�RI����LQ�WKH�IDU�JURXS��P� �������

7KH� (66�� 364,�� DQG� 6)��� VFRUHV� ZHUH� PRGHOHG� DJDLQVW�
GLVWDQFH�IURP�WKH�QHDUHVW�,:7��6FRUH� �OQ��GLVWDQFH����JHQGHU�
��DJH���VLWH� >FRQWUROOHG� IRU�KRXVHKROG�FOXVWHULQJ@���DQG� WKH�
UHVXOWV� DUH� VKRZQ� LQ� )LJXUHV� �±��� ,Q� DOO� FDVHV�� WKHUH� ZHUH�
FOHDU�DQG�VLJQL¿FDQW�GRVH�UHVSRQVH�UHODWLRQVKLSV��P����������
ZLWK� WKH� HIIHFW� GLPLQLVKLQJ� ZLWK� LQFUHDVLQJ� ORJ�GLVWDQFH�
IURP�,:7V��/RJ�GLVWDQFH�¿W�WKH�KHDOWK�RXWFRPHV�EHWWHU�WKDQ�
GLVWDQFH��7KLV�ZDV�H[SHFWHG�JLYHQ�WKDW�QRLVH�GURSV�RII�DV�WKH�
ORJ�RI�GLVWDQFH��0HDVXUHG�VRXQG�OHYHOV�ZHUH�SORWWHG�DJDLQVW�
GLVWDQFH�DW�WKH�WZR�VLWHV�RQ�)LJXUHV������

Statistical results
7KH� ELQRPLDO� RXWFRPHV� ZHUH� DVVHVVHG� XVLQJ� HLWKHU� WKH�
*(102'�SURFHGXUH�ZLWK�ELQRPLDO�GLVWULEXWLRQ�DQG�D�ORJLW�
OLQN��RU�ZKHQ�FHOO�IUHTXHQFLHV�ZHUH�VPDOO��������)LVKHU¶V�([DFW�
7HVW��:KHQ�DVVHVVLQJ�WKH�VLJQL¿FDQFH�EHWZHHQ�YDULDEOHV�ZLWK�
D� VLPSOH� VFRUH� RXWFRPH� �H�J��� �� ±� ���� WKH� H[DFW�:LOFR[RQ�
6FRUH��5DQN�6XPV��WHVW�ZDV�HPSOR\HG�XVLQJ�WKH�13$5�:$<�
SURFHGXUH�� &RQWLQXRXV� RXWFRPH� YDULDEOHV� ZHUH� DVVHVVHG�
XVLQJ� WKH� *(102'� SURFHGXUH� ZLWK� QRUPDO� GLVWULEXWLRQ��
:KHQ�XVLQJ�WKH�*(102'�SURFHGXUH��DJH��JHQGHU��DQG�VLWH�
ZHUH� IRUFHG� LQWR� WKH� PRGHO� DV� ¿[HG� HIIHFWV�� 7KH� SRWHQWLDO�
HIIHFW�RI�KRXVHKROG�FOXVWHULQJ�RQ�VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�
DFFRPPRGDWHG�E\�XVLQJ� WKH�5(3($7('�VWDWHPHQW��(IIHFW�
RI�VLWH�DV�DQ�HIIHFW�PRGL¿HU�ZDV�DVVHVVHG�E\�HYDOXDWLQJ�WKH�
LQWHUDFWLRQ�WHUP��6LWH'LVWDQFH���

3DUWLFLSDQWV� OLYLQJ� QHDU� ,:7V� KDG� ZRUVH� VOHHS�� DV�

)LJXUH����0RGHOHG�3LWWVEXUJK�6OHHS�4XDOLW\�,QGH[��364,��YHUVXV�GLVWDQFH�WR�QHDUHVW�,:7��PHDQ�DQG�����FRQ¿GHQFH�OLPLWV� Regression 
equation: PSQI = ln (distance) + sex + age + site [controlled for household clustering]. Ln (distance) p-value = 0.0198

Table 2: Demographic data of Mars Hill and Vinalhaven study 
participants

Distance (m) from residence to nearest IWT 
(mean)

3DUDPHWHU ����±�����
�����

����±������
�����

�����±������
������

�����±������
������

6DPSOH�VL]H 18 20 14 27
+RXVHKROG�FOXVWHUV 11 12 10 23
0HDQ�DJH 50 57 65 58
0DOH���)HPDOH ������ ������ ����� �������
0HDQ�WLPH�LQ�KRPH1 14 21 30 24
1�<HDUV�WKDW�VWXG\�SDUWLFLSDQWV�OLYHG�LQ�WKH�KRPH



Nissenbaum, et al.: Wind turbine noise and health

Noise & Health, September-October 2012, Volume 14 240

7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WKH�
QHDU�DQG�IDU�JURXSV�ZLWK�UHVSHFW�WR�DJH��JHQGHU��RU�GXUDWLRQ�
RI�RFFXSDWLRQ��,Q�DGGLWLRQ��6LWH��DQG�6LWH'LVWDQFH�ZHUH�QRW�
VLJQL¿FDQW�� LQGLFDWLQJ� WKDW� WKH� PRGHOHG� H[SRVXUH�RXWFRPH�
UHODWLRQVKLSV�ZHUH�VLPLODU�DFURVV�ERWK�VLWHV�

Discussion

7KLV� VWXG\� VXSSRUWV� WKH� FRQFOXVLRQV� RI� SUHYLRXV� VWXGLHV��
ZKLFK� GHPRQVWUDWH� D� UHODWLRQVKLS� EHWZHHQ� SUR[LPLW\� WR�
,:7V�DQG�WKH�JHQHUDO�DGYHUVH�HIIHFW�RI�
DQQR\DQFH
�[11-13] EXW�

GLIIHUV� LQ� GHPRQVWUDWLQJ� FOHDU� GRVH�UHVSRQVH� UHODWLRQVKLSV�
LQ� LPSRUWDQW� FOLQLFDO� LQGLFDWRUV� RI� KHDOWK� LQFOXGLQJ� VOHHS�
TXDOLW\��GD\WLPH�VOHHSLQHVV��DQG�PHQWDO�KHDOWK��7KH�OHYHOV�RI�
VOHHS�GLVUXSWLRQ�DQG�WKH�GD\WLPH�FRQVHTXHQFHV�RI�LQFUHDVHG�
VOHHSLQHVV�� WRJHWKHU� ZLWK� WKH� LPSDLUPHQW� RI� PHQWDO� KHDOWK�
DQG� WKH� GRVH�UHVSRQVH� UHODWLRQVKLSV� REVHUYHG� LQ� WKLV� VWXG\�
�GLVWDQFH�IURP�,:7�YV��HIIHFW��VWURQJO\�VXJJHVW�WKDW�WKH�QRLVH�
IURP�,:7V�UHVXOWV�LQ�VLPLODU�KHDOWK�LPSDFWV�DV�RWKHU�FDXVHV�RI�
H[FHVVLYH�HQYLURQPHQWDO�QRLVH1�

7KH� GHJUHH� RI� HIIHFW� RQ� VOHHS� DQG� KHDOWK� IURP� ,:7�
QRLVH� VHHPV� WR� EH� JUHDWHU� WKDQ� WKDW� RI� RWKHU� VRXUFHV� RI�

Table 3: Sleep and mental health outcomes of the study participants grouped by distance from the nearest IWT
Distance (m) from residence to nearest IWT (mean)

3DUDPHWHU ������������� �������������� �������������� ���������������� ���������������� ���������������� 3�9DOXH1

0HDQ�364,2 ��� ��� ���� ��� ��� ���� ������
��364,�VFRUH�!��3 ���� ���� ���� ���� ���� ���� ������
0HDQ�(664 ��� ��� ���� ��� ��� ��� ������
��ZLWK�(66�VFRUH�!���5 ���� ���� ���� ���� ��� ��� ������
0HDQ�ZRUVHQLQJ�VOHHS�VFRUH�SRVW�,:7V6 ��� ��� ��� ��� ��� ��� �������
,PSURYHG�VOHHS�ZKHQ�DZD\�IURP�,:7V ������ ������ ������� ������ ������ ������ �������
��1HZ�VOHHS�PHGLFDWLRQV�SRVW�,:7V ���� ���� ���� ��� ��� ��� ������
1HZ�GLDJQRVHV�RI�LQVRPQLD 2 0
0HDQ�6)���0&6 ���� ���� ���� ���� ���� ���� ������
��:LVKLQJ�WR�PRYH�DZD\�SRVW�,:7V ���� ���� ���� ��� ��� ��� �������
1�7HVWLQJ�GLIIHUHQFH�RI�����±������P�JURXS�ZLWK������±������P�JURXS�2�3LWWVEXUJK�6OHHS�4XDOLW\�,QGH[�3�364,�!���LV�FRQVLGHUHG�D�µSRRU�VOHHSHU¶�4�(SZRUWK�6OHHSLQHVV�6FDOH�5 
$ERXW����±����SHUFHQW�RI�WKH�JHQHUDO�SRSXODWLRQ�KDV�(66�VFRUHV�!����6��1HZ�VOHHS�SUREOHPV���:RUVHQLQJ�VOHHS�SUREOHP�����6WURQJO\�$JUHH�������6WURQJO\�GLVDJUHH����

Figure 2: Modeled Epworth Sleepiness Scale (ESS) versus Distance to nearest IWT (mean and 95% confidence 
limits) Regression equation: ESS = ln (distance) + sex + age + site [controlled for household clustering)]. ln (distance)  
p-value = 0.0331
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HQYLURQPHQWDO�QRLVH�� VXFK�DV�� URDG�� UDLO�� DQG�DLUFUDIW� QRLVH��
%UD\�DQG�-DPHV�KDYH�DUJXHG�WKDW�WKH�FRPPRQO\�XVHG�QRLVH�
PHWULF� RI� /$HT� �DYHUDJHG� QRLVH� OHYHO� DGMXVWHG� WR� KXPDQ�
KHDULQJ�� LV� QRW� DSSURSULDWH� IRU� ,:7� QRLVH�� ZKLFK� FRQWDLQV�
UHODWLYHO\� KLJK� OHYHOV� RI� ORZ� IUHTXHQF\� VRXQG� �/)1�� DQG�
LQIUDVRXQG�ZLWK�LPSXOVLYH�FKDUDFWHULVWLFV�[14]��7KLV�KDV�OHG�WR�
DQ�XQGHUHVWLPDWLRQ�RI�WKH�SRWHQWLDO�IRU�DGYHUVH�KHDOWK�HIIHFWV�
RI�,:7V�

Potential biases
5HSRUWLQJ�DQG�VHOHFWLRQ�ELDVHV�LQ�WKLV�VWXG\��LI�WKH\�H[LVWHG��
PD\� KDYH� XQGHUHVWLPDWHG� WKH� VWUHQJWK� RI� WKH� DVVRFLDWLRQ�
EHWZHHQ�GLVWDQFH�WR�,:7V�DQG�KHDOWK�RXWFRPHV��%RWK�0DUV�
+LOO�DQG�9LQDOKDYHQ�UHVLGHQWV�JDLQ�¿QDQFLDOO\�IURP�WKH�ZLQG�
SURMHFWV�� HLWKHU� WKURXJK� UHGXFHG� HOHFWULFLW\� FRVWV� DQG� �� RU�
LQFUHDVHG�WD[�UHYHQXHV��7KH�IHDU�RI�UHGXFLQJ�SURSHUW\�YDOXHV�
ZDV�DOVR�FLWHG�DV�D�UHDVRQ�IRU�GRZQSOD\LQJ�WKH�DGYHUVH�KHDOWK�
HIIHFWV��&RQYHUVHO\��WKH�SRVVLELOLW\�RI�OHJDO�DFWLRQ�FRXOG�UHVXOW�
LQ�V\PSWRPV�EHLQJ�RYHU�VWDWHG��,W�ZDV�FOHDU�WR�WKH�UHVSRQGHQWV�
WKDW� WKH�TXHVWLRQQDLUH�ZDV�GLUHFWHG�DW� LQYHVWLJDWLQJ�DGYHUVH�
KHDOWK�HIIHFWV�SRWHQWLDOO\�DVVRFLDWHG�ZLWK�,:7�QRLVH�DQG�QR�
GLVWUDFWRU� TXHVWLRQV�ZHUH� LQFOXGHG��1HYHUWKHOHVV�� JLYHQ� WKH�
ODUJH�GLIIHUHQFHV�LQ�UHSRUWHG�DGYHUVH�KHDOWK�HIIHFWV�EHWZHHQ�
SDUWLFLSDQWV� OLYLQJ�ZLWKLQ� �����P� DQG� WKRVH� OLYLQJ� EH\RQG�
�����P�RI�DQ�,:7��ZH�GR�QRW�EHOLHYH�WKDW�ELDV�DORQH�FRXOG�
KDYH� UHVXOWHG� LQ� WKH� GLIIHUHQFHV� GHPRQVWUDWHG� EHWZHHQ� WKH�
JURXSV�� ,Q� DGGLWLRQ�� WKH� ¿QGLQJ� RI� VWURQJ� GRVH�UHVSRQVH�
UHODWLRQVKLSV�ZLWK�ORJ�GLVWDQFH��WRJHWKHU�ZLWK�H[WHQVLYH�VXE�
DQDO\VHV�XVLQJ� VXUYH\�TXHVWLRQV�PRUH�DQG� OHVV� OLNHO\� WR�EH�

LQÀXHQFHG� E\� ELDV� GHPRQVWUDWLQJ� VLPLODU� UHVXOWV�� IXUWKHU�
VXSSRUW�WKH�H[LVWHQFH�RI�FDXVDWLYH�DVVRFLDWLRQV�

9LVXDO� LPSDFW� DQG� DWWLWXGH� DUH� NQRZQ� WR� DIIHFW� WKH�
SV\FKRORJLFDO� UHVSRQVH� WR� HQYLURQPHQWDO� QRLVH�[11,15,16]� $W�
ERWK�VLWHV�� WXUELQHV�DUH�SURPLQHQW� IHDWXUHV�RI� WKH� ODQGVFDSH�
DQG�ZHUH�YLVLEOH�WR�D�PDMRULW\�RI�UHVSRQGHQWV��DW�0DUV�+LOO��
,:7V� DUH� VLWHG� DORQJ� D� ����P�KLJK� ULGJH�� DQG�9LQDOKDYHQ�
LV� D� ÀDW� LVODQG�� 7KH� YLVXDO� LPSDFW� RQ� WKRVH� OLYLQJ� FORVHVW�
WR� WXUELQHV�ZDV�DUJXDEO\�JUHDWHU� WKDQ�RQ� WKRVH� OLYLQJ�VRPH�
GLVWDQFH�DZD\��0RVW� UHVLGHQWV�ZHOFRPHG� WKH� LQVWDOODWLRQ�RI�
,:7V�IRU�WKHLU�SURSRVHG�¿QDQFLDO�EHQH¿WV�DQG�WKHLU�DWWLWXGHV�
RQO\�FKDQJHG�RQFH�WKH\�EHJDQ�WR�RSHUDWH�DQG�WKH�QRLVH�DQG�
KHDOWK�HIIHFWV�EHFDPH�DSSDUHQW��3HGHUVHQ�HVWLPDWHV�WKDW��ZLWK�
UHVSHFW� WR� DQQR\DQFH������RI� WKH�REVHUYHG�HIIHFWV�RI� ,:7�
QRLVH� FRXOG� EH� DWWULEXWHG� WR� DWWLWXGH� DQG� YLVXDO� LPSDFW�[11] 
7KH� LQÀXHQFH�RI� WKHVH� IDFWRUV�RQ�RWKHU�FRQVHTXHQFHV�� VXFK�
DV�WKH�KHDOWK�HIIHFWV�LQYHVWLJDWHG�LQ�WKLV�VWXG\��UHPDLQV�WR�EH�
GHWHUPLQHG��(YHQ�DV� WKHVH� IDFWRUV�PD\�KDYH�FRQWULEXWHG� WR�
WKH�UHSRUWHG�HIIHFWV��WKH\�DUH�FOHDUO\�QRW�WKH�VROH�PHFKDQLVP�
DQG�KHDOWK�HIIHFWV�DUH�FHUWDLQ�

Mechanisms
$�SRVVLEOH�PHFKDQLVP�IRU�WKH�REVHUYHG�KHDOWK�HIIHFWV�LV�DQ�
HIIHFW�RQ�VOHHS�IURP�WKH�QRLVH�HPLWWHG�E\�,:7V��,QGXVWULDO�
ZLQG� WXUELQHV� HPLW� KLJK� OHYHOV� RI� QRLVH�ZLWK� D�PDMRU� ORZ�
IUHTXHQF\� FRPSRQHQW�� 7KH� QRLVH� LV� LPSXOVLYH� LQ� QDWXUH�
DQG� YDULRXVO\� GHVFULEHG� DV� µVZRRVKLQJ¶� RU� µWKXPSLQJ¶��[12] 
7KH� FKDUDFWHU�� YROXPH�� DQG� IUHTXHQF\� RI� WKH� QRLVH� YDU\�

Figure 3: Modeled SF36 Mental Component Score (MCS) versus Distance to nearest IWT (mean and 95% confidence 
limits) Regression equation: MCS = ln (distance) + sex + age + site [controlled for household clustering]. ln (distance)  
p-value = 0.0014
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ZLWK�FKDQJHV�LQ�ZLQG�VSHHG�DQG�GLUHFWLRQ��,QGXVWULDO�ZLQG�
WXUELQH�QRLVH�LV�PRUH�DQQR\LQJ�WKDQ�URDG��UDLO��DQG�DLUFUDIW�
QRLVH�� IRU� WKH� VDPH�VRXQG�SUHVVXUH��SUHVXPDEO\�GXH� WR� LWV�
LPSXOVLYH�FKDUDFWHU�[12,15]�3HGHUVHQ�FRQFOXGHV�WKDW�LW�LV�QRLVH�
WKDW�SUHYHQWV�UHVWRUDWLRQ��WKDW�WKRVH�VXEMHFWHG�WR�LW�DUH�XQDEOH�
WR� ¿QG� SV\FKRORJLFDO� UHFRYHU\� LQ� WKHLU� KRPHV� EHFDXVH� RI�
LWV�LQWUXVLYH�QDWXUH�[16]�1RLVH�FDQ�DIIHFW�VOHHS�E\�SUHYHQWLQJ�
VOHHS� RQVHW� RU� UHWXUQ� WR� VOHHS� IROORZLQJ� VSRQWDQHRXV� RU�
LQGXFHG� DZDNHQLQJ�� &OHDUO\�� DWWLWXGH� DQG� SV\FKRORJLFDO�
IDFWRUV� VXFK� DV� QRLVH� VHQVLWLYLW\� PD\� EH� LPSRUWDQW� LQ�
LQÀXHQFLQJ�WKH�DELOLW\�WR�IDOO�DVOHHS��EXW�LW�VKRXOG�EH�QRWHG�
WKDW� QRLVH� VHQVLWLYLW\� LV�� LQ� SDUW�� KHULWDEOH�[17]� 1RLVH� DOVR�
DIIHFWV� VOHHS� E\� LQGXFLQJ� DURXVDOV��ZKLFK� IUDJPHQW� VOHHS��
UHGXFLQJ�LWV�TXDOLW\�DQG�OHDGLQJ�WR�WKH�VDPH�FRQVHTXHQFHV�
DV� VOHHS� GHSULYDWLRQ��[18]� 7KHUH� LV� JRRG� HYLGHQFH� WKDW� URDG��
UDLO��DQG�DLUFUDIW�QRLVH�LQGXFH�DURXVDOV�DQG�OHDG�WR�GD\WLPH�
FRQVHTXHQFHV�DQG� WKHUH� LV�QR� UHDVRQ� WR� VXSSRVH� WKDW� ,:7�
QRLVH�ZLOO�QRW�KDYH�D�VLPLODU�HIIHFW�[19-23]�$�UHFHQW�VWXG\�RQ�
WKH� OLNHOLKRRG� RI� GLIIHUHQW� KRVSLWDO� QRLVHV� WKDW� LQGXFH� DQ�
DURXVDO�VKRZV�D�FRQVLGHUDEOH�HIIHFW�RI�VRXQG�FKDUDFWHU��ZLWK�
LPSXOVLYH�QRLVHV�EHLQJ�PRUH�OLNHO\�WR�LQGXFH�DQ�DURXVDO�[24] 
,W� KDV� DOVR� EHHQ� VKRZQ� WKDW� WKHUH� LV� LQGLYLGXDO� YDULDELOLW\�
LQ�WKH�OLNHOLKRRG�RI�DQ�DURXVDO�LQ�UHVSRQVH�WR�QRLVH��ZKLFK�
PD\�EH�SUHGLFWHG�IURP�D�VSLQGOH�LQGH[��D�PHDVXUH�RI�VOHHS�
TXDOLW\�[25]

(66� DVVHVVHV� GD\WLPH� VOHHSLQHVV� IURP� WKH� VHOI�DVVHVVHG�
SURSHQVLW\� WR� IDOO� DVOHHS� LQ� GLIIHUHQW� VLWXDWLRQV� DYHUDJHG�
RYHU� VHYHUDO� ZHHNV�[9]� ,W� LV� ZLGHO\� XVHG� LQ� VOHHS� PHGLFLQH�
WR�DVVHVV�GD\WLPH�VOHHSLQHVV��DQG�VFRUHV�LQ�H[FHVV�RI����DUH�
GHHPHG� WR� UHSUHVHQW� FOLQLFDOO\� UHOHYDQW� H[FHVVLYH� GD\WLPH�
VOHHSLQHVV�� ,I� VOHHS� LV�RQO\�GLVUXSWHG�RFFDVLRQDOO\�� WKH�(66�
ZLOO�QRW�EH�DIIHFWHG��DV�WKH�VOHHS�GH¿FLW�FDQ�EH�FRPSHQVDWHG�
RQ�RWKHU�QLJKWV��&KDQJHV� LQ� WKH�(66�VFRUH�REVHUYHG�LQ� WKLV�
VWXG\�LPSO\�WKDW�VOHHS�KDV�EHHQ�GLVUXSWHG�WR�D�GHJUHH�ZKHUH�
FRPSHQVDWLRQ� LV� QRW� SRVVLEOH� LQ� DW� OHDVW� VRPH� SDUWLFLSDQWV��
364,�DOVR�H[DPLQHV�WKH�VOHHS�TXDOLW\�DYHUDJHG�RYHU�D�SHULRG�
RI�ZHHNV��VFRUHV�LQ�H[FHVV�RI���DUH�GHHPHG�WR�UHSUHVHQW�SRRU�
TXDOLW\�VOHHS�[8]�$Q�LQGLYLGXDO¶V�VFRUH�ZLOO�QRW�EH�VLJQL¿FDQWO\�
DIIHFWHG�E\�RFFDVLRQDO�GLVUXSWHG�QLJKWV��WKXV�FRQ¿UPLQJ�WKH�
FRQFOXVLRQV�GUDZQ�IURP�WKH�(66�GDWD��,W�LV�QRWHZRUWK\�DOVR�
WKDW�VLJQL¿FDQW�FKDQJHV�LQ�(66�DQG�364,�KDYH�EHHQ�REVHUYHG��
GHVSLWH�WKH�VFDWWHU�LQ�YDOXHV�LQGLFDWLYH�RI�WKH�W\SLFDO�OHYHOV�RI�
LPSDLUHG�VOHHS�IRXQG�LQ�WKH�JHQHUDO�SRSXODWLRQ�[8,9]

2WKHU�PHFKDQLVPV�WKDQ�VOHHS�GLVUXSWLRQ�FDQQRW�EH�H[FOXGHG�
DV� DQ� H[SODQDWLRQ� IRU� WKH� SV\FKRORJLFDO� DQG� RWKHU� FKDQJHV�
REVHUYHG��/RZ�IUHTXHQF\�QRLVH��DQG�LQ�SDUWLFXODU��LPSXOVLYH�
/)1��KDV�EHHQ�VKRZQ�WR�EH�FRQWULEXWRU\�WR�WKH�V\PSWRPV�RI�
µ6LFN�%XLOGLQJ�6\QGURPH�¶�ZKLFK�KDV�VLPLODULWLHV�ZLWK�WKRVH�
UHSRUWHG�KHUH�[26,27]�6DOW�KDV�UHFHQWO\�SURSRVHG�D�PHFKDQLVP��
ZKHUHE\�� LQIUDVRXQG� IURP� ,:7V� FRXOG� DIIHFW� WKH� FRFKOHDU�
DQG�FDXVH�PDQ\�RI�WKH�V\PSWRPV�GHVFULEHG�[28] 

:H�DVVHVVHG�FDXVDOLW\�XVLQJ�D�ZHOO�DFFHSWHG� IUDPHZRUN�[29] 
$OWKRXJK� WKH�PHDVXUHG�SDUDPHWHUV� �(66��364,��DQG�6)����

DVVHVV�WKH�FXUUHQW�VWDWXV��WKH�HYLGHQFH�RI�WKH�UHVSRQGHQWV�LV�
WKDW�WKH�UHSRUWHG�FKDQJHV�KDYH�IROORZHG�WKH�FRPPHQFHPHQW�
RI� ,:7� RSHUDWLRQ�� 7KLV� LV� VXSSRUWHG� E\� WKH� UHSRUWHG�
SUHIHUHQFHV� RI� WKH� UHVLGHQWV�� WKH� JUHDW� PDMRULW\� RI� WKRVH�
OLYLQJ�ZLWKLQ�����NP�H[SUHVVHG�WKHLU�GHVLUH�WR�PRYH�DZD\�DV�
D�UHVXOW�RI�WKH�VWDUW�RI�WXUELQH�RSHUDWLRQV��+RZHYHU��D�VWXG\�
RI� WKH� VDPH� SRSXODWLRQ� EHIRUH� DQG� DIWHU� WXUELQH� RSHUDWLRQ�
ZLOO� EH� QHFHVVDU\� WR� FRQ¿UP� RXU� VXSSRVLWLRQ�� :H� EHOLHYH�
WKDW� WKHUH� LV� JRRG� HYLGHQFH� WKDW� D� WLPH� VHTXHQFH� KDV� EHHQ�
HVWDEOLVKHG�� 7KH� DVVRFLDWLRQ� EHWZHHQ� GLVWDQFH� WR� ,:7� DQG�
KHDOWK�RXWFRPH�LV�ERWK�VWDWLVWLFDOO\�VLJQL¿FDQW�DQG�FOLQLFDOO\�
UHOHYDQW� IRU� WKH� KHDOWK� RXWFRPHV� DVVHVVHG�� VXJJHVWLQJ� D�
VSHFL¿F�DVVRFLDWLRQ�EHWZHHQ�WKH�IDFWRUV��*LYHQ�WKDW�WKLV�LV�WKH�
¿UVW� VWXG\� LQYHVWLJDWLQJ� WKH� DVVRFLDWLRQ� EHWZHHQ� ,:7V� DQG�
D�UDQJH�RI�KHDOWK�RXWFRPHV��WKH�FRQVLVWHQF\�DQG�UHSOLFDWLRQ�
WR�SURYH�FDXVDWLRQ� LV� OLPLWHG��+RZHYHU�� WKLV� VWXG\� LQFOXGHV�
WZR�GLIIHUHQW�VWXG\�SRSXODWLRQV� OLYLQJ�QH[W� WR� WZR�GLIIHUHQW�
,:7�SURMHFWV��'HVSLWH� WKHVH�GLIIHUHQFHV�� WKH� VWXG\�VLWH�ZDV�
QRW�D�VLJQL¿FDQW�HIIHFW�PRGL¿HU�DPRQJ�DQ\�RI�WKH�PHDVXUHG�
RXWFRPHV��,Q�DGGLWLRQ��DGYHUVH�KHDOWK�HIIHFWV�VLPLODU�WR�WKRVH�
LGHQWL¿HG�LQ�WKLV�VWXG\�DPRQJ�WKRVH�OLYLQJ�QHDU�,:7V��KDYH�
EHHQ� GRFXPHQWHG� LQ� D� QXPEHU� RI� FDVH�VHULHV� VWXGLHV� DQG�
VXUYH\V�[2-4,30]�)LQDOO\��FDXVDO�DVVRFLDWLRQ�FDQ�EH�MXGJHG�E\�LWV�
FRKHUHQFH�ZLWK�RWKHU�NQRZQ�IDFWV�DERXW�WKH�KHDOWK�RXWFRPHV�
DQG� WKH�FDXVDO� IDFWRU�XQGHU�VWXG\��7KH�UHVXOWV�RI� WKLV�VWXG\�
DUH� FRQVLVWHQW� ZLWK� WKH� NQRZQ� HIIHFWV� RI� RWKHU� VRXUFHV� RI�
HQYLURQPHQWDO�QRLVH�RQ�VOHHS�

7KH�GDWD�RQ�PHDVXUHG�DQG�HVWLPDWHG�QRLVH� OHYHOV�ZHUH�QRW�
DGHTXDWH�WR�FRQVWUXFW�D�GRVH�UHVSRQVH�FXUYH�DQG�WR�GHWHUPLQH�
DQ� H[WHUQDO� QRLVH� OHYHO� EHORZ�ZKLFK� VOHHS�GLVWXUEDQFH�ZLOO�
QRW�RFFXU��+RZHYHU��LW�LV�DSSDUHQW�WKDW�WKLV�YDOXH�ZLOO�EH�OHVV�
WKDQ�DQ�DYHUDJH�KRXUO\�/$HT�RI����G%$��ZKLFK�LV�WKH�W\SLFDO�
QLJKW�WLPH�YDOXH�SHUPLWWHG�XQGHU�WKH�FXUUHQW�JXLGDQFH�LQ�PRVW�
MXULVGLFWLRQV�

Conclusions

:H�FRQFOXGH�WKDW�WKH�QRLVH�HPLVVLRQV�RI�,:7V�GLVWXUEHG�WKH�
VOHHS� DQG� FDXVHG� GD\WLPH� VOHHSLQHVV� DQG� LPSDLUHG� PHQWDO�
KHDOWK� LQ� UHVLGHQWV� OLYLQJ� ZLWKLQ� ���� NP� RI� WKH� WZR� ,:7�
LQVWDOODWLRQV�VWXGLHG��,QGXVWULDO�ZLQG�WXUELQH�QRLVH�LV�D�IXUWKHU�
VRXUFH� RI� HQYLURQPHQWDO� QRLVH�� ZLWK� WKH� SRWHQWLDO� WR� KDUP�
KXPDQ� KHDOWK�� &XUUHQW� UHJXODWLRQV� VHHP� WR� EH� LQVXI¿FLHQW�
WR� DGHTXDWHO\� SURWHFW� WKH� KXPDQ�SRSXODWLRQ� OLYLQJ� FORVH� WR�
,:7V��2XU�UHVHDUFK�VXJJHVWV�WKDW�DGYHUVH�HIIHFWV�DUH�REVHUYHG�
DW�GLVWDQFHV�HYHQ�EH\RQG���NP��)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�
GHWHUPLQH�DW�ZKDW�GLVWDQFHV�ULVNV�EHFRPH�QHJOLJDEOH��DV�ZHOO�
DV�WR�EHWWHU�HVWLPDWH�WKH�SRUWLRQ�RI�WKH�SRSXODWLRQ�VXIIHULQJ�
IURP�DGYHUVH�HIIHFWV�DW�D�JLYHQ�GLVWDQFH�
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