
 

BMJ Open is committed to open peer review. As part of this commitment we make the peer review 

history of every article we publish publicly available.  

WheŶ aŶ aƌtiĐle is puďlished ǁe post the peeƌ ƌeǀieǁeƌs’ ĐoŵŵeŶts aŶd the authoƌs’ ƌespoŶses 
online. We also post the versions of the paper that were used during peer review. These are the 

versions that the peer review comments apply to. 

The versions of the paper that follow are the versions that were submitted during the peer review 

process. They are not the versions of record or the final published versions. They should not be cited 

or distributed as the published version of this manuscript. 

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of 

record of the manuscript is available on our site with no access controls, subscription charges or pay-

per-view fees (http://bmjopen.bmj.com).  

If you haǀe aŶy ƋuestioŶs oŶ BMJ OpeŶ’s opeŶ peeƌ ƌeǀieǁ pƌoĐess please eŵail 
editorial.bmjopen@bmj.com 

 

 

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/
mailto:editorial.bmjopen@bmj.com
http://bmjopen.bmj.com/


For peer review
 only

�

�

�

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

����������	�����������������	�
������� �!�"����	�#$%�

�����&����'��(�(����
�

�

�������	� ���������


������������ ��������������������

�����������	�  ������!�

�����"������#�����!�����!��	� ������������

$��������%����&����!���	�  !��#'� ������(���������$����)��%��#���"�!�����&�*�����+����!'��
,����'��������(���������$����)��%��#���������������&���&��������������
,�#�����)��

-����'�,��)!����
.!��)�'�/��#��
��0���1�'��������
2!��'�*����(���������$����)��%��#��'�
 $�$������&���-������0���������
��#�
�#����)���#�.�+ �+����!�*��������� ������!�3�����
�#����)�

��!�#���)�'�������������&���&��������������,�#�����)�(�*�����
+����!�,�)���#'�
�#����)�4�,��������3��'�.���������&������"��5��'�
*�����+����!�,�)���#�
.����0���'�$��������(�6���#���� ������!���#������)���������'�

�������#�$������&���*�����+����!� ������!(���������$����)��%��#���
7��)���'�"���(���������$����)��%��#��'���&��������������,�#�����)��

8�9*������"�������

+��#�)8:�9	�
+�;:���"�

"����#����"�������+��#�)	�  ������!����!�#�'�*�����!����!'���&�������#������'�,�#�����)��

/��<��#�	�
+�;�4����"�8��.=,$��-3"���",�","'�,�#�����)��8��.=,$��-3"�
��",�","'�*�����!����!�8��.=,$��-3"���",�","�

��

�

�

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

��

�

��

�

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

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

!�"����	�#$%������&����'��(�(�����

���

����		
� ����

�
� 
��� ��	����� �����


�
�� ��������� �����



�� � ��
!� "��"#�

�
��$�

���%&� ���'(
�
�� )�&�%� �� *�+��


�	��
�� ,��-&
�	�� ".�'�)


��
�� �!/���0�

#��#��"

��
�1�

�2�

�3�



��4
%&/��&� �5� +�5�	&!� -� �!-�
-�� �4!��/!������� +/4�%!
�� ,������� ������� �	����� �5��6�

) ��!	���
�&�����������'�!&����!����/������
�
�!�/��!	
����-�
%	��
����%
!�!���+�-&!& &����
%
%���(!/�
�7�8����

	
��,�,��&%��5�%�� &�%�
9��
��-!-�
���������!���
���"+�����
�&��)%�&�	&!�����-�
%	�����

'�!&� !�� ������!��� ��&���������� +/4�%!
�� ,������� ������� �	����� �5� ) ��!	� ��
�&������

��������'�!&����!����/��$�
�
������!��� 
��� �	���/!	-� '�!&�� "
&!��
�� +�5�	&!��� ��%:!	��� ) ��!	� ��
�&�� ����
�����0�

��������'�!&����!����/��1�

��2�

���������	�
��������
�	����	�����������	
�	����
�����3�

��6�

����

 &��%�5�%�	�%%�-4�����	��
���%�4%!�&�%�; �-&-<�����		
����
�����4
%&/��&��5�+�5�	&!� -����

�!-�
-���4!��/!�������+/4�%!
��,���������������	������5�) ��!	���
�&�����������'�!&������

�!����/8��=/
!�<�%8%��
�>!/4�%!
�8
	8 9����

��$�

�� %	���5�5!�
�	!
��- 44�%&<�*���	�/���% -&����,��"+����0�

��1�

���%&�&!&��<���,�
������ 4&
9��!��(!/�
�7�
��-�?�7�%9�%-��2�

��3�

����7�%�-<�@�/
���-�?�7�%9�%-���+A�4%�:
���	����+A�&%�
&/��&�	
-	
������&�%/!�
�&-���6�

(!/�
�7�8����

����

����

*�%��,� �&<��$��� ����

Page 1 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

��

�

��

�

!(��������$�

)(*������+��!���
�&!%�&%�:!%
��&%�
&/��&�B��C�	�:�%
���!��5�/
���-�?�7�%9�%-�B@�*C�!-��0�

:!&
��5�%��; !&��
���&��%�� 	���+A�&%
�-/!--!���!��&�������%
��4�4 �
&!��8�*��	�/4
%��
����1�

!�:�-&!�
&���+A�&%�
&/��&�	
-	
��-�5�%�@�*�
������=-�?=7�%9�%-�B"�*C�!���
�!	
�
����2�

4%�:!�	���(!/�
�7�8��3�

��6�

,����$�+��
&
�5%�/�
��� -������- %:���	��� 	&���!���663=�6���
���
�4
%
�����-��7�
������

-
/4���- %:����5�@�*�7�%��/
&	���� -!���4%��
�!�!&��/�&���-�&��%�� 	�� ���%=%�4�%&!������

�5�@�*-8��+A�&%�
&/��&�	
-	
��-�D��+A��!
���-!-�����!�!&!
&!����
������
���%��	��
-����


�4%�?��5�%�:!%
����
��- 44%�--!���D�7�%��	��-&% 	&���
���	�/4
%���5�%�@�*�B�E�1�C�
������

"�*�B�E��$$$C8���	!�=��/��%
4�!	�	�
%
	&�%!-&!	-�
���!�&�%/��!
&����&�%/!�
�&-�&�
&��$�

/!��&��?4�
!���!55�%��	�-�!��-�%:!	�� 4&
9����&7����@�*�
���"�*�7�%��!���&!5!������0�

���
���!��
�&���%�&!	
��5%
/�7�%9�
���&�-&��� -!������!-&!	�%��%�--!��8��1�

��2�

-��#���+��+A�4%�:
���	��7
-��!���%�!��@�*�&�
��!��"�*�B$�80F���������382FG�
��=�3�


�H -&������-�%
&!��I��J��86G�3$F�,+��83=$8$C8�+���+A=4�-!&!:��7�/����@�*�7�%��/�%��$6�

�!9����&���
:��������!
���-���B$28�F����������80FG���E�80�G��86�=�8$3C�
���&���
:��$��

!�!&!
&������B2�83F��������0�86FG���E�8��G��86�=$8�2C8�"���!55�%��	��7
-�5� ���5�%�$��

���
���%��	��B3�8�F��������368$FG�4E683C8�@�*K-��%�
&�%� 4&
9���5��+A�&%�
&/��&�$��

-�%:!	�-���	
/�����=-!��!5!	
�&�
5&�%�
�H -&!���5�%�!�&�%/��!
&��5
	&�%-�!�	� �!����+A�$��

9��7������
���%!-9�4�%	�4&!����&%
:���&!/��&��-�%:!	�-��4��-!	
��
���/��&
����
�&���
���$$�

%�	��&�4%���
�	�8�$0�

�$1�

"����#����+��@�*������&��
:����7�%� 4&
9���5��+A�&%�
&/��&�-�%:!	�-�&�
��"�*�!��$2�

�
-&�(!/�
�7�8���7�:�%�����	�:�%
���7
-���7�!��
���7�/���
&�&���&!/���5�&���- %:��8�$3�

�06�

� �0��

Page 2 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

��

�

��

�

	����.������$���������������������	�#$%�0��

�0��

�8� *�� 4%�:!��� ��:��� !�-!��&� !�&�� �!55�%��&!
��  4&
9�� �5� �+A� &%�
&/��&� -�%:!	�-� 5�%�0��

@�*�
���"�*�!���
�!	
�
���4%�:!�	���(!/�
�7���
��� &���4�%-��
��� -�	!
�� 
���0$�

-&% 	& %
��5
	&�%-�
--�	!
&���7!&��&��-��!��; 
�!&!�-8��00�

�8� *�� -�� �
&
� &
9��� 5%�/� 
��
�!	
�
����� -������ - %:��� 
��� 
�4
%
����� -��7�
���01�

-
/4��� - %:����5�@�*�� &� -��%
7!������ &��� -&%���&�-��5� 4�4 �
&!��� - %:��-� 
���02�

&
%��&���
44%�
	��-�5�%��
%�=&�=%�
	��4�4 �
&!��-8�03�

�8� � %� -& ��� !-�  �!; �� !�� &�
&� !&� 	�/4
%�-�  4&
9�� �5� �+A� &�-&!��� 
��� ��� !��16�

%�4%�-��&
&!:�� -
/4��-� �5� @�*� 
��� "�*� 5%�/� &��� -
/�� 4�4 �
&!��� =� 7�� 
%��1��

 �
7
%���5�4%�:!� -�-& �!�-�7�!	���
:�������&�!-8�1��

�8� ��!/!&
&!����5�� %�-& ���!-�&�
&�� %��
&
�7
-��
&��%�����&7�����663=�6��8�1��

�1��

�1$�

� �10�

Page 3 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

��

�

��

�

�����$#������11�

	�!�:!����!���
�&!%�&%�:!%
��&%�
&/��&�B��C� 4&
9��5�%�)��+A�!-�9���&�����!���&����+A�12�

�4!��/!	�7�%��7!���I�D�J8���� ���'"+����
-�-�&�
/�!&!� -�L36=36=36M�&
%��&-�5�%�&���13�

�+A�	
%��	
-	
���B!8�8��+A��!
���-!-�����!�!&!
&!���
������
���%��	��D�
-�
�4%�?��5�%�26�

:!%
����
��- 44%�--!��C�I�J��&��-��
%���
&!��
�=��:���&
%��&-��
���!&�!-���	�--
%��&��	��-!��%�2��

��7� &����	
����� !/4��/��&��� 5�%�9���4�4 �
&!��-�- 	��
-� 5�/
���-�?�7�%9�%-� B@�*C�D�2��

7�/��� 7��� ���
��� !�� 	�//�%	!
�� -�?� 7�%9� �%� 7��� �?	�
���� -�?� 5�%� ����-� �%�2��

-�%:!	�-I$J8� �+A� 4%�:
���	�� 
/���� @�*� !�� - �=�
�
%
�� 5%!	
� !-� �5&��� �6D�6� &!/�-�2��

�!���%� &�
�� !�� 7�/��� !�� &��� ����%
�� 4�4 �
&!��� I0J8�*!&�� �!��� %
&�-� �5� -�? 
�� 4
%&��%�2$�

	�
���� 
��� !�	��-!-&��&� 	����/�  -�� !�� 	�//�%	!
�� -�?�� -�?� 7�%9� /
�� 	��&%!� &��20�

- �-&
�&!
���� &��4�4 �
&!��=��:����+A�!�	!���	���:���!���!���4%�:
���	���4!��/!	-�!�� &���21�

%��!���I1J8����%�5�%��%�
	�!���
����?	���!���'"+���&
%��&-�
/���-&�@�*�-�� ������
�22�

4%!/
%����H�	&!:��5�%�
����
&!��
���+A�	��&%���4%��%
//�-�I2J8�23�

�36�

*�!�-&� -&!�/
��/
%�!�
�!N
&!���� 
��� 
� -�� �5� � /
�� %!��&-� �
:�� 
��� ����� �!���!��&��� 
-�3��

-!��!5!	
�&� �
%%!�%-� &�
&� 	
�� 4%�:��&� @�*� 5%�/� 
		�--!��� �+A� &�-&!��� 
��� &%�
&/��&�3��

-�%:!	�-�I3J��%��
&!:����5�7�-& �!�-��?!-&�����+A�&%�
&/��&�	
-	
��-�
/���-&�%�4%�-��&
&!:��3��

-
/4��-��5�@�*8����-��!�	� ���
� -& ������,�7
��
���	����
� �-� B�6��C� !�� &�%��� %�
��3��

-!&�-�!��(!/�
�7��BA!	&�%!
�@
��-���7
����
���� &
%�C�7��%��$6=16F�7�%��-�%�4�-!&!:���3$�

�5�7��/������$6F��
��������!
���-��8��5� &��-���!
���-����$6=16F��
������� !�!&!
&���30�

��&��&%�
&/��&��� &�� ��&��&�����7�%
&���5��!
���-!-��������$=�$F��5�����-�%�4�-!&!:��@�*�31�

!�� &��� -& ����
�� %�	�!:������I�6J8��&!����:�%�� �!&&��� !-�9��7��
�� &�@�*�!��/�%�� % %
��32�

-�&&!��-���%�
�� &���7�@�*K-� -���5��+A�-�%:!	�-�	�/4
%�-�7!&��&�
&��5����=-�?=7�%9�%-�33�

B"�*C��!:!���!��&���-
/��
%�
-8��5 %&��%� �9��7��!-�&����?&��&�&��7�!	���!55�%��	�-�!���66�

Page 4 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

$�

�

$�

�

��
&��-�%:!	�� 4&
9����&7����@�*�
���"�*�%�5��	&��
%�����4-�	��-�	!
��5
	&�%-�%�- �&!����6��

5%�/�!�:��:�/��&�!��-�?�7�%9�B�8�8�4�%-��
��%!-9�4�%	�4&!��C�
-��!-&!�	&�5%�/��
	9�%� ����6��

-�	!�=��/��%
4�!	�5
	&�%-�
--�	!
&���7!&����!���!�:��:���!��-�?�7�%9�!��&���5!%-&�4�
	�8��6��

��6��

��!-�-& ����
-�&���5����7!���
!/-<��C�&��	��-&% 	&�
���	�/4
%���+A�&%�
&/��&�	
-	
��-�5�%��6$�

@�*� 
��� "�*� !�� 
� 	�//���� % %
�� 4�4 �
&!��G� �C� &�� !���&!5�� &��� �
	9�%� ��� -�	!�=�60�

��/��%
4�!	�	�
%
	&�%!-&!	-�
--�	!
&���7!&�� !�:��:�/��&� !��	�//�%	!
��-�?�7�%9� !�� &�!-��61�

4�4 �
&!��G� 
��� �C� &�� !���&!5�� &��� !�&�%/��!
&�� 5
	&�%-� &�
&� /!��&� �?4�
!�� �!55�%��	�-� !���62�

��
�&�� -�%:!	�� 4&
9�� B&�-&!��� 
��� &%�
&/��&C� ��&7����@�*�
���"�*8���� 
	�!�:�� &��-���63�


!/-��7����:���4�
���7�&���%�&!	
��5%
/�7�%9�
��� &�-&���4�&��-!-�����&�%/!�
�&-��
-�����6�

���&�!-�5%
/�7�%9� -!���
� �!; ���
&
�-�&�7�!	��	�/�!��-��
&
�5%�/�
�����%
��4�4 �
&!�������

�� -������ - %:��� !�� 5� %� ��	
&!��-� !�� �
�!	
�
��� 4%�:!�	��� �
-&� (!/�
�7��� 7!&�� �
&
�����

5%�/� 
� 4
%
����� -& ��� �5� ��	
�� @�*� 	��� 	&��� !�� &��� -
/�� ��	
&!��-�  -!��� -��7�
�������

-
/4�!��8�����

����$�

� ���0�

Page 5 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

0�

�

0�

�

,����$����1�

�����������������������2�

+�5� ��	��� ��� ���%/
� 
���*�!%K-� 4%�?!/
&�� ��&�%/!�
�&-� /����� �5� �+A� !�5�	&!��� 
�����3�

/�%&
�!&��I�����J�
���-&% 	& %
����&�%/!�
�&-�5%
/�7�%9-��5��+A�
/����-�?�7�%9�%-�I��J����6�

7����:���4���
� &���%�&!	
�� 5%
/�7�%9� &���?4�
!�� &��� %���-� &�
&� !�:��:�/��&� !�� -�?�7�%9�����


��� !&-� 	��-�; ��	�-� 	
�� 4�
�� !�� /��!
&!��� 
--�	!
&!��-� ��&7����  ���%��!��� -�	!�=����

��/��%
4�!	�	�
%
	&�%!-&!	-�
��� -���5��+A�&�-&!���
��� &%�
&/��&�-�%:!	�-� B@!� %����
�������

- 44��/��&
%��/
&�%!
�C8� +&� !-���4�&��-!N��� &�
&��7!&�!��
����!:��� -�	!�=	 �& %
��	��&�?&������

 ���%��!��� -�	!�=��/��%
4�!	� 	�
%
	&�%!-&!	-� 	��&%!� &�� &�� 7��&��%� �%� ��&� 
� 7�/
����$�

���
��-� !��-�?�7�%9�7�!	��/
��� !�� & %���
�&�%���%�4
&&�%���5� -���5��+A�-�%:!	�-8� +�� &�����0�

5%
/�7�%9��-�?�7�%9�!-���4�&��-!N���&�� !�5� ��	�� -���5��+A�-�%:!	�-�4%!/
%!��� &�%� �����1�

!&-��55�	&-����!�&�%/��!
&����&�%/!�
�&-�&�
&��?!-&�!��5� %���/
!�-<�4�%-��
���!�&�%4�%-��
�����2�

-�	!
��
���-&% 	& %
�8����3�

���6�

��.#����+��������������������������

�����

���������

�
&
� 5�%� &�!-� -& ��� 7�%�� &
9��� 5%�/� &��� �
�!	
�
��� �+AO���� )%�:��&!��� )%�H�	&�����

B�
�!	
�
���-& ��C�I��J�
���&����
�!	
�
���*�/���
&��!-9��& ���B*��-& ��C�I�$J8�������$�

�
�!	
�
��� -& ��� !-� 
�� �4��=	���%&� ����%
�=4�4 �
&!��� - %:��� 7�!	�� �?
/!��-� &�����0�

���
/!	-��5��+A�&%
�-/!--!���
���!&-�!/4
	&�!�����-!&�-�!���
�!	
�
���4%�:!�	��!���
-&�%����1�

(!/�
�7��B�		����������������������
��	�
���C8����-��-!&�-�%�4%�-��&�5� %��5�&���/
!����2�

-�	!�=�	���/!	� -&%
&
� !���
�!	
�
��<� -/
��� &�7�-�� 
�%!	 �& %
�� �-&
&�-�� %�
�-!��� &%
�!�����3�

	��&%�-��
���- �-!-&��	��5
%/!���:!��
��-8���4!	-�	�:�%���!��!��!:!� 
��!�&�%:!�7-�!�	� ������6�

Page 6 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

1�

�

1�

�

-�	!�=�	���/!	�	�
%
	&�%!-&!	-��-�? 
�����
:!� %��4-�	��-�	!
��	�
%
	&�%!-&!	-��
��� -���5�����

�+A� &�-&!��� 
��� &%�
&/��&� -�%:!	�-8� )
%&!	!4
�&-�7�%�� 
�-�� %�; �-&��� &�� 4%�:!��� 
� �%!�������

������-
/4���B���C�5�%��+A�-�%�=&�-&!��8������
&
� -���!��&�!-�
�
��-!-�7�%��&
9���5%�/�����

&���$
&�
�%� ����5�&����
�!	
�
���- %:���B�	&���%��663�=�� ����6��C�
���7�%��%�-&%!	&���&������

&���5� %�-!&�-�B����!���
	��-�	!�=�	���/!	�-&%
& /C�
�-��	�:�%������&���*��-& ��8���$�

���0�

�����
&
�5%�/�&����
�!	
�
���-& ���7�%���!�9���7!&���
&
�5%�/�&���*��-& ����
�4
%
�������1�

&
%��&��� 	���%&� -& ��� 	��� 	&��� &�� !���&!5��7�/��� 
&� ��!��&����� %!-9� �5� �+A� !�5�	&!�����2�

&�%� ����?	�
�����5�-�?�B!�	� �!���-�?�7�%9C��&�����
�	����&�	&!����5�@�*�
���&��4�%/!&���3�

	�/4
%!-��� �5� �+A� &%�
&/��&� 	
-	
��-� ��&7���� @�*� 
��� "�*� 5%�/� 7!&�� 
� 	�//����$6�

4�4 �
&!��8� ���� *�� -& ��� !-� 
� %�-�
%	�� 4%�H�	&�� 	��� 	&��� !�� 5� %� �5� &��� -
/�� -!&�-��$��

	�:�%���!��&����
�!	
�
���-& ����7�!	��
!/���&���?4��%��&���-�? 
�����
:!� %-��5�7�/����$��


&� ��!��&����� %!-9� �5� �+A� !�5�	&!��� B�		����������������������
��	�
����
�����	��$��

������	��C8��
&
�5�%�&���*��-& ���7�%��	����	&�����&7�����
%	���6�6�
���� ����6��� -!����$��


� 	�/�!�
&!��� �5� )�,�� B)%!�%!&!�-� 5�%� ��	
��+���,��&%��� �55�%&�� 
� 5�%/� �5� ��	
&!����$$�

�
-��� -
/4�!��C� I�0J� 
��� -��7�
��� -
/4�!��� I�1J� /�&���-8� �
&
� 	����	&!��� 4%�	�� %�-��$0�

�
:���������-	%!���� !����&
!�� ��-�7��%�� I�2J�� &� 
%�� - //
%!-�����%�8�)�,�� !�:��:�-��$1�

-
/4�!��� ��	
&!��-� �5� 9��7�� -�?� 7�%9� 
	&!:!&�8� �� !�:��&�%�� �5� ��	
&!��-� 7
-� 	%�
&����$2�

�
-��� ��� �!-	 --!��-� 7!&�� 	�// �!&�� /�/��%-8� �!�	�� ����� 
� -/
��� � /��%� �5� :�� �-��$3�

7�%�� !���&!5!���� 
��� :�� �-� 7�%�� -
/4���8� ��� 	
4& %�� �?	�
���� -�?� � &-!��� �5� -4�	!5!	��06�

:�� �-�� &��� 4�4 �
&!��� 7
-� -
/4����  -!��� 
� /��!5!��� %�-4�����&=�%!:��� -
/4�!����0��


44%�
	��I�3J8�����-�7�%��-���	&���&��%�4%�-��&�&����!:�%-!&���5�&��-��!�:��:���!���?	�
�����0��

-�?8����-��-���-�&����%�	% !&��� 4�&��&�%���4��%-�&�
&�/�&��%�
����!�!�!�!&��	%!&�%!
�B7�/����0��


���� �2P� 7��� �
�� �:�%� �?	�
����� -�?� 5�%� /������ ����-�� �%� 5
:� %-C� 
��� 7�%���0��

Page 7 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

2�

�

2�

�

	�/4��-
&��� 7!&�� ���� �
%� �5� �
 ��%�� -�
4� 4�%� %�-4�����&� %�5�%%��� 
��� !�:!&��� &���0$�

!�&�%:!�78���00�

��01�

@�*�7���4
%&!	!4
&��� !����&�� &����
�!	
�
���
���*��-& ���7�%�� %�; �-&��� &��4%�:!����02�

4�%/!--!��� &�� �!�9� &��!%� �
&
� 
	%�--���&��4%�H�	&-8��
&
� 5�%� 	��-��&!���4
%&!	!4
�&-�7�%���03�

�!�9��� :!
� 4%��
�!�!-&!	� /
&	�!��� �
-��� ��� 4
%&!	!4
�&� �
/��� �
&�� �5� �!%&��� 
��� :!��
����16�

�
/�8��)%!�%��&�!	
��
44%�:
��5�%�&����
�!	
�
���-& ���B7!&��&���*��-& ���!�	� ����
-�
��1��

- �=-& ��C�7
-���&
!����5%�/�&������!	
����-�
%	��,� �	!���5�(!/�
�7��B��,(OO02�C��1��


���&���+/4�%!
��,���������-�
%	���&�!	-�,�//!&&���B+,��,Q3Q�Q��C8��1��

��1��

	�#$%������(�����1$�

@�/
���-�?�7�%9�%<������
�!	
�
���
���*��-& �!�-�	��&
!����!���&!	
��!��!	
&�%-��5�-�?��10�

7�%98�+�5�%/������4%!�%�; 
�!&
&!:��7�%9�7!&�!��-& ���	�// �!&!�-�I�6J�
���!���!���7!&���11�

'"+�����5!�!&!��-�I��J��4
%&!	!4
�&-�!���
	��-& ���7�%��	��-!��%���&�����@�*�!5�&���<�
C��12�

-��5=!���&!5!��� 
-�
� -�?�7�%9�%��%� 4%�-&!& &�G� �C� �
�� �:�%� ����� &���
%-O���%��
��-� &��/��&��13�

	�!��&-G� �%� 	C� �
�� �?	�
����� -�?� 5�%� /����O����-8� ��� !/4%�:�� 	�/4
%
�!�!&�� ��&7�����26�

@�*�
���"�*��&��%�7�/���!��&���*��-!&�-�7!&�!��&����
�!	
�
���-& ���7�%��/
&	�����2��

&��&���-
/��
��=%
����
-�&���*��-& ���4
%&!	!4
�&-�
���&%�
&���
-�"�*-8�*�/���7����
���2��

��:�%����
����!��-�? 
��!�&�%	� %-��7�%���?	� ����5%�/�&���-& ��8��2��

��2��

�+A�&%�
&/��&�	
-	
��<��+A��!
���-!-�7
-���5!����
-�&���4�%	��&
����5�
����+A=4�-!&!:���2$�

4
%&!	!4
�&-�B�
-�������+A�&�-&-������!��&����
�!	
�
���-& ��C�7���%�4�%&����:�%��
:!����20�

����� &�-&���
����
:!���	����	&��� &��!%� %�- �&-�
���%�	�!:���
�4�-!&!:�� %�- �&�
&� &��!%�/�-&��21�

%�	��&��+A�&�-&8����!�!&!
&!���7
-���5!����
-�&���4�%	��&
����5��+A=4�-!&!:��4
%&!	!4
�&-��22�

7���9��7�&��!%�-&
& -�B����/!�
&�%C�
���
�-��%�4�%&���&
9!����% �-�L&�
&�-&�4��+A�5%�/��23�

Page 8 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

3�

�

3�

�

	
 -!��� +��M� B� /�%
&�%C8� ��� 
���%��	�� 7
-�  -��� 
-� 
� 5 %&��%� !��!	
&�%� �5� �+A��36�

-�%:!	��  -�� 
��� 
-� 
� 4%�?�� 5�%� :!%
�� ��
�� - 44%�--!��8� �+A=4�-!&!:�� 4
%&!	!4
�&-� 7����3��

%�4�%&����:�%��
:!���-&
%&������7�%��!�	� ���� !�� &�������/!�
&�%G� &��-��7���%�4�%&����3��

��:�%��
:!���-&�44����%�5�%��&&���&��&
9��&��!%�/��!	
&!���
���7���%�4�%&���&
9!����A-��3��

%�� �
%���7�%��!�	� ����!��&���� /�%
&�%8���3��

��3$�

��
�&�� -�%:!	��  4&
9�<� �7��/�
- %�-� �5� ��
�&�� -�%:!	�� ���
��/��&� 7�%�� 	��-!��%��� 
-��30�

��4�����&�:
%!
���-�!��� %�%��%�--!���
�
��-�-<��C� 4&
9���5��+A�&�-&!��G�
����C� 4&
9���5��31�

��8�'4&
9���5��+A�&�-&!���7
-���5!����
-��:�%��
:!����
��
���+A�&�-&�
���	����	&���&����32�

%�- �&8�'4&
9���5�&%�
&/��&�7
-�/�
- %���!��-�%�4�-!&!:��4
%&!	!4
�&-�
����
-������%�4�%&-��33�

�5��
:!���&
9!����% �-�L&�
&�-&�4��+A�5%�/�	
 -!���+��M8���66�

��6��

��	!�=��/��%
4�!	� 	�
%
	&�%!-&!	-<� ���� /
%!&
�� -&
& -�� -�	!�=�	���/!	� -&
& -�� %��!�!�����6��


%�
� �5� %�-!���	��� �� 	
&!��� ��:���� 
��� � /��%� �5� �!:!��� 	�!��%��� 7�%�� 	��-!��%��� 
-��6��

4�&��&!
��  ���%��!��� ��&�%/!�
�&-� �5� !�:��:�/��&� !�� -�?� 7�%9� 
���  -�� �5� �+A� -�%:!	�-��6��

B@!� %���C8�@�%�-�	!�=�	���/!	�-&
& -�B���C��7�� -���
�	��&!� � -�	�/�!����/�
- %���5��6$�

-���
���� 
��� ���=-���
���� 
--�&-� I��J�� �!:!���� !�&�� &�%	!��-� B�E4��%�-&�→� �E%!	��-&C8� @�%��60�

%��!�!� -� ����/!�
&!���� 7��  -��� �
�N� K-� 5� %� 	
&���%�� �%� 4!��� �5� �
�!	
�
����61�

	� %	��-�I��J8���62�

��63�

+�&�%/��!
&�� ��&�%/!�
�&-� �5��+A� -�%:!	��  4&
9�<� )�%-��
�� 5
	&�%-� 4�&��&!
����/��!
&!�����6�

�+A�-�%:!	�� 4&
9��!�	� ���<�%�	��&�!��=��
�&��B-��5=%�4�%&����?4�%!��	���5�%�	��&�!��=��
�&������


���7��&��%��%���&�&�!-�7
-����!�:���&������+A=%��
&��C��-��5=%�4�%&���-�/4&�/-��5����-������

-��5=%�4�%&��� %�	��&� 4%���
�	!�-� B&�
&� 	� ��� &%
�-�
&�� &�� �+A� &�-&!��� &�%� ���  4&
9�� �5�����

)��,�� -�%:!	�-C�� �+A� 9��7������ B� /��%� �5� 	�%%�	&� %�-4��-�-� &�� 5� %� ; �-&!��-<� 6=������

Page 9 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�6�

�

�6�

�

	�%%�	&� 
�-7�%-E4��%� 9��7������� �=�� 	�%%�	&� 
�-7�%-E����� 9��7�����C�� �+A� %!-9���$�

4�%	�4&!���B7��&��%�4
%&!	!4
�&-�4�%	�!:���&�����
���:�%������
&�%!-9��5���	�/!���!�5�	&�����0�

7!&�� �+A�� 
��� !5� -��� 7
-� !&� &�%� ��� &��!%� �7�� %!-9�� ���
:!� %�� &��!%� 4
%&��%K-� %!-9����1�

���
:!� %��%�5�%��&��%�%�
-��-C��
7
%���--��5�&%�
&/��&�5�%��+A��
���
����H�	&!:��/��&
����2�

��
�&��
--�--/��&� -!���
���	
���=:
�!�
&���; �-&!���
!%��B����
���/4&�/�R �-&!���
!%�����3�

��RC�I��J�I�$J8�+�&�%4�%-��
��5
	&�%-�!�	� �����+A�-
�!��	��B� /��%��5�4��4���9��7�������6�

&���4
%&!	!4
�&�7���
%�� �!:!���7!&���+A��%�7����
���!��� 5%�/�+��C� 
��� 
7
%���--��5�����

�&��%� 4��4���  -!��� ��� B!��!:!� 
�-� 7��� 7�%��  �
7
%�� �5� ��� 7�%�� 	�/�!���� 7!&������

&��-��  �
7
%�� �5� 
������  -!��� ��� ��	
 -�� �5� -/
��� � /��%-C8� )�&��&!
�� -�	!
�� 
�������

-&% 	& %
�� !�5� ��	�-�!�	� ����
		�--!�!�!&���5���,�B�%���C�-�%:!	�-G�4
%&!	!4
�&-�
7
%������

�5�
���
�&�� 5
	!�!&���55�%!�����,� B�%���C��-&!/
&��� &��� &%
:��� &!/�� &�� &�����
%�-&� - 	����$�

��
�&�� 5
	!�!&�8� �&!�/
� 7
-� /�
- %���  -!��� &7�� �!	��&�/� -� :
%!
���-<� 7��&��%� &�����0�

4
%&!	!4
�&� 7
-� �:�%� ��&�%%��� 5%�/� ��&&!��� 
� &�-&� � �� &�� -&!�/
� �%� �!-	%!/!�
&!���� 
�����1�

7��&��%� &��� 4
%&!	!4
�&� 5��&� &�
&� )��+A� 5
	��� -&!�/
� 
��� �!-	%!/!�
&!��� 7!&�!�� &�����2�

	�// �!&�8����3�

���6�

�%
:��� &!/�� 
��� -&!�/
� %��
&!��� &�� ��,� 
��� 
7
%���--� �5� ��� 7�%��  -��� ����� !�� &�������


�
��-!-��5� 4&
9���5� &�-&!���B!8�8���&�5�%���� 4&
9�C8��%
:��� &!/��&�����-�%:!	�-�7
-�����

 -��������!��&���
�
��-!-��5���� 4&
9��B!8�8���&�5�%��+A�&�-&!��C8������

�����

	���������������%������$�

����
�
��-!-�	��-!-&����5�-�:�%
��-&
��-8�@!%-&���+A�4%�:
���	��
����+A�&%�
&/��&�	
-	
�����0�

� &	�/�-�7�%��	
�	 �
&���
���	�/4
%�����&7����@�*�
���"�*8���	������!:
%!
&��B
��=��1�


�H -&��C�%��%�--!���/����-�7�%�� -���&���?4��%��
--�	!
&!��-���&7����-�	!�=��/��%
4�!	���2�

	�
%
	&�%!-&!	-� 
��� !�:��:�/��&� !�� -�?� 7�%9�� 
��� 
--�	!
&!��-� ��&7���� -�?� 7�%9� 
�����3�

Page 10 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

��4�&��-!N��� !�&�%/��!
&�� ��&�%/!�
�&-� �5�  4&
9�8� ��!%��� 
��=
�H -&��� �!:
%!
&����6�

�?
/!�
&!��� �5� 
--�	!
&!��-� ��&7���� ��&�� -�	!�=��/��%
4�!	� 	�
%
	&�%!-&!	-� 
�������

!�&�%/��!
&�� ��&�%/!�
�&-� 
��� �+A� &�-&!��� 
��� &%�
&/��&� 7
-� 	��� 	&��� &�� ��&�	&�����

-!��!5!	
�&� 
--�	!
&!��-� 
&� 4S68�8� @� %&��� 
��=
�H -&��� / �&!:
%!
���� %��%�--!��� /����-�����

7�%�� -���&��
--�--� &���
--�	!
&!�����&7����-�?�7�%9�
�����
�&��-�%:!	�� 4&
9��D���5�%������


���
5&�%�!�	� -!����5�-�	!�=��/��%
4�!	�5
	&�%-�
���!�&�%/��!
&����&�%/!�
�&-��5� 4&
9����$�

B-!��!5!	
�&�
&�4S68�C8����
�
��-�-�7�%������� -!����&
&
���8� ���0�

Page 11 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

-��#������1�

�$�����������������	����2�

� &�&
�� �5� ��6��7�/���
�����$=$3���
%-�4
%&!	!4
&��� !�� &����
�!	
�
���-& ��� !�� %� �����3�

5!:��!��&���5� %�-!&�-�
�-��	�:�%������&���*��-& ��8��5�&��-����1��7�%��!���&!5!���
-�@�*G��$6�

����7�%��!���&!5!����
-������&��!%�%�-4��-�-�&��&���*��-& ���; �-&!���
!%��
���������7�%���$��

!���&!5!��� !�� ��&�� ; �-&!���
!%�-�� 
��� ��� 7�%�� !���&!5!��� �
-��� ��� &��!%� 
�-7�%-� &�� &����$��

�
�!	
�
���-& ���; �-&!���
!%��
����8�*���?	� ������$�"�*�7���7�%��� &-!���&���
��=�$��

%
�����5� &���@�*�!�� &��� -& ���B�3=$2���
%-C�
���
� 5 %&��%�$�2�7����
����&� -&
%&��� -�?8��$��

��!-�4%�� 	���
�&�&
��-
/4����5��1�3�B@�*E�1���08�FG�"�*E�$$$��3�80FC8��$$�

��$0�

����������������$1�

�+A� 4%�:
���	�� 7
-� -!��!5!	
�&��� �!���%� !�� @�*� B$�80F�� 3$F,+� �$8�F=0686FG��$2�

�O"E3�O�1�C� 	�/4
%��� &�� "�*� B�382F�� �28�F=��8�FG� $6�O�$�$C� B
��=
�H -&��� ���-��$3�

%
&!��I��J��86G��83=$8$C8��& ����+A��
��%
&�%��&�-&�%�- �&-�7�%��!�	��	� -!:��5�%���@�*��06�


�����"�*-8��0��

��0��

�������������������$�������	����$��	���0��

+�� �+A=4�-!&!:�� 7�/���� �!
���-!-� B!8�8� 7�/��� 7��� 7�%�� 
7
%�� �5� &��!%� �+A=4�-!&!:���0��

-&
& -C�7
-� �!���%� !�� @�*� B$28�F�� 3$F,+� �181F=028�FG� $�O3�C� &�
�� !��"�*� B��80F���0$�

�28�F=�183FG����O$6�C�B�����80�G��86�=�8$3G�4E686��8� +���+A=���
&!:��7�/����@�*��00�

7�%�� ��&� -!��!5!	
�&��� /�%�� �!9���� &�� �
:�� �
�� 
�� �+A� &�-&� B2�81F� !�� @�*G� 1$8�F� !���01�

"�*G������8�6G�6812=�8$�G�4E68�$3C8��02�

��03�

Page 12 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

+��7�/����!
���-���7!&���+A�!�5�	&!����!�!&!
&!�����&�����7
-��!���%�!��@�*�B2�83F���16�

1�8�F=3�8�FG� �$O$�C� &�
�� !��"�*� B0�8�F�� $18$F=168�FG� ��2O���C� B���� �8��G� �86�=�1��

$8�2G�4E686��C8�"��-!��!5!	
�&��!55�%��	��7
-�5� �����&7����@�*�B3�8�F��1183F=3081FG��1��

��O�$C� 
��� "�*� B368$F�� 2�8�F=3�8�FG� ���O��1C� !�� -��5=%�4�%&��� 
���%��	�� &�� ����1��

B���� �862G� 68��=�8$�G� 4E6836�C8� �:�%
���� �38�F� B�$O3�C� �5� ���� �+A=4�-!&!:�� @�*��1��

%�4�%&�����!������
���
���%!���&�����	�/4
%���&���18$F�B��3O$6$C��5�!�5�	&���"�*�B
-��1$�

-��7��!��@!� %����C��10�

��11�

��.#������/�0(+�"���������������������������������$����12�

��13�

	�����$���.�������������������������$��������$�����$���������������������������#����26�

���������$��������
������2��

�
������-��7-� &���
��=
�H -&����!:
%!
&��
--�	!
&!��-���&7����-�	!���/��%
4�!	� 5
	&�%-��2��


��� -�?� 7�%9�� 
��� ��&7���� -�?� 7�%9� 
��� !�&�%/��!
&�� ��&�%/!�
�&-� B!8�8� &��� 5!%-&� &7���2��

4
&�7
�-� !�� @!� %�� �C8� ��?� 7�%9� 7
-� /�-&� 	�//��� !�� 7�/��� 
���� �6=�3G� -!�������2��

�!:�%	��� 
���7!��7���7�/��G�7�/���7!&�� ��� %��!�!� -� 
55!�!
&!��G�7�/��� !�� &��� &7���2$�

4��%�-&�&�%	!��-G�7�/����!:!���!��-/
���&�7�-G�
���7�/���7!&������!:!���	�!��%��8�@�%�&����20�

!�&�%/��!
&����&�%/!�
�&-��-�?�7�%9�7
-�
--�	!
&���7!&��%!-9�4�%	�4&!���5�%��+A�!�5�	&!����21�

B4
%&!	 �
%���&�%� ���4�%-��
��%!-9�����
:!� %-CG�9��7!���
&���
-&�&�%���4��4���7!&���+AG��22�

�?4�%!��	!��� %�	��&� �+A=%��
&��� !����--� 
��� ���� -�/4&�/-G� 4��%� /��&
�� ��
�&�G� ����23�

4%���
�	!�-�!��&���4
-&�&�%�����
%-G�-��%&�&%
:���&!/�-�&����,�
������5
	!�!&!�-G��
:!����36�

��
%���5���G�
���%�4�%&!���&�
&��+A�-&!�/
�
����!-	%!/!�
&!����?!-&�!��&���	�// �!&�8���3��

��3��

��(���1+�!������������(��������	����$�������$���.���������3��

��$��������$�����$�������������3��

Page 13 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

��3$�

	�����$���.�������������������������$��������$�����$�������������������������.��30�

+���+A=4�-!&!:��
����+A=���
&!:��7�/���	�/�!�����@�*�7�%��/�%���!9����&�
��"�*�&���31�

�
:���:�%������&�-&���5�%��+A�B@�*<�2�80F��"�*<�1$8�FG�����8$6G�3$F,+��866=�8��C8��32�

�
������ -��7-� &����!:
%!
&��
���/ �&!:
%!
����
--�	!
&!��-��5� -�	!�=��/��%
4�!	� 5
	&�%-��33�


��� !�&�%/��!
&�� ��&�%/!�
�&-� ��� &�-&!��8� +�� �!:
%!
&�� 
�
��-!-�� -�?�7�%9�7
-� 
--�	!
&����66�

7!&�� �:�%� �
:!��� ����� &�-&���� 
-� 
%�� 
��� -�	!�=��/��%
4�!	� 5
	&�%-8� ��� !�&�%/��!
&���6��

��&�%/!�
�&-�7!&��&����?	�4&!����5�4-�	�����!	
���!-&%�--�
���-&!�/
�B
5&�%�&�-&!���
���!���6��

&��� 	�// �!&�C� 
%�� 
�-�� 
--�	!
&��� 7!&�� &�-&!��� 
&� 4S68�8� +��/ �&!:
%!
���� 
�
��-!-�� &����6��


--�	!
&!��� ��&7���� -�?� 7�%9� 
��� &�-&!��� !-� -&%���&������ 
5&�%� 
�H -&!��� 5�%� -�	!�=�6��

��/��%
4�!	�5
	&�%-��7!&��-�?�7�%9���!���
--�	!
&���7!&��1$F�!�	%�
-������-��5�&�-&!����6$�

B����81$���8��=�803C8���7�:�%��&�!-�
--�	!
&!�����&7����-�?�7�%9�
���&�-&!����!-
44�
%-��60�


5&�%�
�-��
		� �&!���5�%�!�&�%/��!
&����&�%/!�
�&-�B����8����6803=�82�C8���61�

��62�

*���� &��� 
�
��-!-� 7
-� %�-&%!	&��� &�� �+A=4�-!&!:�� 7�/��� B�
���� ��C�� &��� 
--�	!
&!����63�

��&7����@�*�
����!
���-!-�
44%�
	����-&
&!-&!	
�� -!��!5!	
�	��
5&�%�
�H -&!��� 5�%� -�	!�=��6�

��/��%
4�!	�5
	&�%-�B����82����866=�8�1G�4E686$�C8�����

�����

��(���0+�!������������(��������	����$�����������.�����

�����

	�����$���.�������������������������$��������$�����$�������������������������������$�

�
���� �� -��7-� &��� �!:
%!
&�� 
��� / �&!:
%!
���� 
--�	!
&!��-� ��&7���� -�	!�=��/��%
4�!	���0�

5
	&�%-�
���!�&�%/��!
&����&�%/!�
�&-�
������!�!&!
&!��8�+���!:
%!
&��
�
��-!-��-�?�7�%9�!-���1�


--�	!
&���7!&���0�F�!�	%�
-������-��5����!�!&!
&!���B����80����8�0=0866C8�����%�
������2�

/�%�� %�
��-!&��&�4�-���
:!�������!:!���	�!��%����9��7!���4��4���7����
:��O��
���+A����&���3�

Page 14 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�$�

�

�$�

�

�
:!���4-�	�����!	
���!-&%�--��
���-��%&�%� &%
:��� &!/�-�&�����7�%��
�-��
--�	!
&���7!&����6�

&%�
&/��&� !�!&!
&!��� 
&� 4S68�8� +��/ �&!:
%!
���� 
�
��-!-�� @�*� -&!��� &������ &�� �
:�� �!���%�����

���-� �5���� !�!&!
&!���� � &� &�!-� 
--�	!
&!���7
-� ��� �����%� -&
&!-&!	
���� -!��!5!	
�&�7��������

-�	!�=��/��%
4�!	�5
	&�%-�7�%��
		� �&���5�%�B����8�2��6831=$8�3C8�����

�����

��(����+�!������������(��������	����$�!-��#�������$�

���0�

� ���1�

Page 15 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�0�

�

�0�

�

����#��������2�

@�*��
���!���%� 4&
9���5��+A�&�-&!���
������-�%:!	�-�&�
���&��%�7�/���!��� %�-& �����3�


%�
-�!���
-&�(!/�
�7�8�@�%��+A�&�-&!����&�!-�
�:
�&
���-&%���&������
5&�%�
		� �&!���5�%���6�

�!55�%��	�-�!���
	9�%� ���-�	!�=��/��%
4�!	�	�
%
	&�%!-&!	-�� &��!-
44�
%���
5&�%�5 %&��%�����


�H -&/��&� 5�%� !�&�%/��!
&�� ��&�%/!�
�&-8� @�*K-� �%�
&�%� 9��7������ 
�� &� �+A� 
�������

�%�
&�%� 4�%-��
�� 4�%	�!:��� %!-9� �5� ��!��� �+A=4�-!&!:��� &��!%� ��&&�%� 9��7������ �5� 
�������

4%�?!/!&�� &�� &�-&!��� -�%:!	�-�� 
��� &��!%� �%�
&�%� �!9��!����� �5� 4�%	�!:!��� �+A=%��
&�������

-�/4&�/-�/
���
:��	��&%!� &���&��&��!%��!���%���:��-��5��+A�&�-&!��8��!55�%��	�-�!�������$�

 4&
9����&7����@�*�
���"�*�7
-�
--�	!
&�����&����!�&�%/��!
&��5
	&�%-�%��
&!���&��-�?���0�

7�%9� -&
& -� � &� ��� &��!%� ����%� 
��-� B!8�8� 5�7�%� 
���� �3=�3� ��
%-C� 
��� ��7�%�� /��%-��5���1�

�!:!���	�!��%��8�����%�
-���5�%�&����!�9�7!&��-/
���� /��%-��5��!:!���	�!��%���!-���&�	��
%���2�

� &�� !�� ��
��� 	 �& %�� I�0J�� - �5�%&!�!&�O!�5�%&!�!&�� 	
�� ��
�� &�� �!:�%	�� 7�!	��� !�� & %��� !-���3�


--�	!
&���7!&���%�
&�%��!9��!������5�!�:��:�/��&�!��-�?�7�%98�*!��7�����
&��� ���
��-���6�

/
�� ��� 
--�	!
&���7!&�� �
%����+A� !�5�	&!���� %�� 	��� 5�%&!�!&��� �!��� �
%��� 	�!���/�%&
�!&������


���!�:��:�/��&�!��-�?�7�%98��-�����7�5�%&!�!&��
����
%���	�!���/�%&
�!&��	
�����/
%9�%-�����

5�%�/�%�� 
�:
�	����+A� !�5�	&!��� I�1JG� &��%���� !�	%�
-!��� &��� �!9��!����� �5�/��&!��� &�������

��!�!�!�!&�� 	%!&�%!
� 5�%� ��� &�
&� 4�%&
!���� 
&� &��� &!/�� �5� &��� -& ��� B,��S�$6� �%�*�%�������

��
�&���%�
�!-
&!���4�
-�-�+++��%�+A�!���663=�6��C8����
���%��	��7
-�-!/!�
%�!��@�*���$�


���"�*8���0�

���1�

�+A�4%�:
���	�� !��@�*� !�� �
-&�(!/�
�7�� B$�80FC�7
-� 	�/4
%
����7!&��4%�:
���	�� !����2�

@�*� !�� �&��%� -� &��%�� 5%!	
�� 	� �&%!�-� B%
���<� $380=1681FC� I0J8� ���� 4%�4�%&!��� �5���3�

!�5�	&��� @�*� 7��� �
�� ����� �!
���-��� B$28�FC� 7
-� -�!��&��� �!���%� &�
�� �-&!/
&�-� 5�%��$6�

@�*�!�� %�
��(!/�
�7�
����	
&!��-� B$6F�!���6��C�I�6JG�7�!�-&� &���4%�4�%&!����5� &��-���$��

Page 16 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�1�

�

�1�

�

�!
���-���7����
�������-&
%&������ &%�
&/��&�B21F��������6=1�FC�
���&���4%�4�%&!����5��$��

&��-����� &%�
&/��&�7���%�4�%&���
���%!��� &�����B3�F��������01=�66F�I�2J�I�3J�I�6JC��$��

7�%��
�-���!��8�*��
%�� �
7
%���5�
���4%�:!� -�-& �!�-�&�
&��
:��	�/4
%��� 4&
9���5��+A��$��

&�-&!���
������!�� %�4%�-��&
&!:��-
/4��-��5�@�*�
���"�*�5%�/�&���-
/��4�4 �
&!��8��$$�

��7�:�%�� -!/!�
%� ��:��-� �5���� 
���%��	�� �
:�� ����� 5� ��� !����N
/�!; �� 
������!���$0�

I��J�I��J8��$1�

��$2�

� %� %�- �&-� - ���-&� &�
&� -�:�%
�� -&% 	& %
��� !�&�%4�%-��
�� 
��� 4�%-��
�� 5
	&�%-� /
���$3�

	��&%!� &��&���!55�%��	�-�!�� 4&
9���5��+A�&�-&!���
������-�%:!	�-���&7����
���
/���-&��06�

@�*� 
��� "�*8� -� ��&��� 4%�:!� -��� ��� )
 �!�� 
��� 	����
� �-� !�� 
� % %
�� -�&&!��� !���0��

��N
/�!; ��I��J�9��7�������5���,�-�%:!	�-�	
��
55�	&� 4&
9��
/���-&�7�/���B��FC8��0��

+�� �
�!	
�
���� @�*� �
�� ��&&�%� 9��7������ �5� ��� 
���� ��	
 -�� &���� �!:��� �
%����� !���0��

&�7�-�� 7�%�� -&% 	& %
���� 
�:
�&
���� �:�%� "�*�� 7��� /�%�� �5&��� �!:��� !�� 
%�
-� /�%���0��

%�/�&��5%�/�&�-&!���
���&%�
&/��&�5
	!�!&!�-8�+��&�%/-��5��+A�	
%���&��-��5
	&�%-�
44�
%�&���0$�

�
:���55-�&�&����!-
�:
�&
��-�&�
&�@�*�5
	��5%�/�4��%�%�/��&
����
�&��
����%�
&�%�-&!�/
��00�


��� �!-	%!/!�
&!��8� )��%�/��&
�� ��
�&��� !�� &��� 5�%/��5� �%�
&�%� 4-�	�����!	
�� �!-&%�--�� !-��01�


--�	!
&���7!&�� ��7�%���� 4&
9�� !���
-&�(!/�
�7�� I�$J8�-� !��/
��� 4%�:!� -� -& �!�-��02�

I��J��7��5� ���&�
&�4-�	�����!	
���!-&%�--�7
-�/�%��	�//���!��-�?�7�%9�%-8�@�*�!��&�!-��03�

-& ��� 
�-�� %�4�%&��� �!���%� ��:��-� �5� -&!�/
� �!�9��� &�� �+A� &�
�� "�*G� ��7�:�%��  ��!9���16�

-& �!�-� ��-�7��%�� !�� (!/�
�7���7�� �!�� ��&� 5!��� -&!�/
� &�� ��� 
� -!��!5!	
�&� ��&�%%��&� &���1��


		�--!��� ��
�&�	
%�8����� %�
-���/
�� ��� &�
&� � %� -& ��� ; �-&!���
!%�� �!�� ��&� !�	� ��� 
��1��

/�
- %���5�-&!�/
�-4�	!5!	
����%��
&���&��-�?�7�%98���!�&�%4�%-��
��5
	&�%�D���&�!�	� �����1��

!��&�!-�-& ���� &���-	%!����!��4%�:!� -�; 
�!&
&!:��%�-�
%	��!���
�!	
�
���I�$J�D�&�
&�	� ����1��

�
:�� %�� 	��� ���  -�� !�� "�*� !-� &��� ��/!�
�&� %���� �5� /
��� -4� -�-� !�� ��&�%/!�!����1$�

7�/��K-��+A� 	
%�8����� �55�	&� �5� - 	��  �/�
- %��� !�5� ��	�-� 	� ��� ��� %�5��	&��� !�� &����10�

Page 17 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�2�

�

�2�

�

%�-!� 
���55�	&��5� -�?7�%9� 
5&�%� 
�H -&!��� 5�%� -�	!���/��%
4�!	� 5
	&�%-�
��� !�&�%/��!
&���11�

��&�%/!�
�&-8��12�

��13�

��!-� -& ���  &!�!-�-� 
�  �!; �� �
&
� -� %	�� &�
&� �%
7-� 5%�/� &��� 	�/�!���� -&%���&�-� �5��26�

4�4 �
&!���- %:��-�
���	�
!�=%�5�%%
��/�&���-�
���
���7��� -�&��
�
��-��
�%�4%�-��&
&!:���2��

-
/4��� 7!&�� %�� 	���  ���%=%�4�%&!��� �5� ��	
���=%�-!���&� @�*�� 
��� 4%�:!���� 
� %
%���2��

�44�%& �!&��&��	�/4
%��&���	�
%
	&�%!-&!	-�
�����&�%/!�
�&-��5��+A�-�%:!	�� -��5�%�@�*��2��


���"�*�5%�/�&���-
/��-& ���
%�
-8���7�:�%��&����
&
� -���7�%��	%�--=-�	&!��
��-��7���2��

�
:������� �
����&����&�%/!���&���	
 -
���
& %���5�&���%��
&!��-�!4-��?4��%���!��&���-& ��8��2$�

�-���!��	�/4
%!���&����+A�	
%��	
-	
��-�5�%�@�*�
���"�*��7���
:�� -���-��5=%�4�%&����20�

��� 
���%��	�� 
-� 
� 4%�?�� 5�%� :!%
�� - 44%�--!��� 
-� �!�/
%9�%-� 5�%� :!%
�� ��
�� 7�%�� ��&��21�


:
!�
���8�@!�
������ %�-& ���-!&�-�7�%����&�	�:�%������@�*�!�&�%:��&!���4%��%
//�-� !���22�

(!/�
�7�� - 	�� 
-� T�!-&�%-� 7!&�� 
� A�!	�K� �%� ��� &��� �))�+��� &%!
���23�

B�&&4<OO7778	�-��
%8�%�8N7OCG�-��!&�7� ������:
� 
����5�%�%�-�
%	��%-�7!&���
&
�5%�/�&��-���36�


%�
-�&��4�%5�%/�
�	�/4
%
����
�
��-!-�&��� %-8��3��

��3��

+���
-&�(!/�
�7����&7�����663�
����6����@�*�7�%��/�%���!9����&�
��"�*�&���
:��������3��

&�-&��� 5�%� �+A� !�5�	&!��� 
��� &�� �
:�� &
9���  4� ��8� ���� -!& 
&!��� /
�� �
:�� 	�
������3��

- �-�; ��&���B�8�8�� ��&��/�%��7!��-4%�
�� 4&
9���5���,�
���9��7������
�� &���C�
����3$�

	� ���	�
����5 %&��%�7!&��&���!�&%�� 	&!����5� �!:�%-
����!�!�!�!&��5�%�����
�	�/4
%
&!:���30�


�
��-!-��5� &����
&�%� &!/�=4�%!��� &��
--�--� &��� !/4
	&��5� �!:�%-
����!�!�!�!&�8���	��&��
&
��31�

-��7� &�
&� 
� &�!%�� �5� !�5�	&��� 7�/��� !�� (!/�
�7�� 
%�� ��&� ��&� :!%
���� - 44%�--��� I�0J8��32�

���%�5�%��� 	��&!� ��� 
��� ���
�	��� �55�%&-� 
%�� ������� &�� ��- %�� &�
&� �!
���-!-� 
����33�

&%�
&/��&�!��@�*�9��4-�4
	��7!&��7�/���
-�
�7�����&����- %���; !&���5�&%�
&/��&�
		�--��66�


���-��7�&%
�-/!--!��8�� %�%�- �&-�- ���-&�&�
&�&�!-�/
�����
	�!�:����!��4
%&��������
�	����6��

Page 18 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�3�

�

�3�

�


		�--!�!�!&��&�%� ����5�%��?
/4����&
-9�-�!5&!���
���/�%��%�� -&�/��&
����
�&��-�%:!	�-�&���6��

!/4%�:��-��5=�55!	
	��
/����@�*�
����&��%�7�/����!
���-���7!&���+A�!�5�	&!��8���6��

Page 19 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�6�

�

�6�

�

!������$.��������6��

!#�����2�������(#�������6$�

����)�*���#��,"�
����"�7�%��!�:��:���!��-& ���	��	�4&�
�����-!��8�,"�������"�
������60�


	; !%��� 
��� 	 %
&��� &��� �
&
8� ���� ���� �#� 
��� ���7�%�� !�:��:��� !�� &��� ��-!��� �5� &����61�


�
��-!-8����	��� 	&���&���-&
&!-&!	
��
�
��-!-�- 4�%:!-�������#�
�����8������#�����
����62�

���!�&�%4%�&���&���%�- �&-�
����%
5&���&���
%&!	��8��63�

�����!��������6�

�
&
� 4%�� 	��� ��� &��� �
�!	
�
��� )%�H�	&� 	
�� ��� ��&
!���� 5%�/� &��� 4%�H�	&� 7��-!&�<�����

�&&4<OO7778/
�!	
�
���!:4%�H�	&8�%�O�
&
=
		�--8�&/�8� ��%�� 7�� 4%�:!��� 
� 	�%�� �
&
-�&�����

7�!	�� 	��&
!�-� 
� -
/4��� �5� -�	!�=��/��%
4�!	�� -�? 
�� ���
:!� %� 
��� �+A� &�-&!�������

:
%!
���-�5%�/�
���0�%� ��-��5�&���/
!��- %:����
-�7����
-��
&
� -���!��&���4%�� 	&!����5�����

%�	��&� 
	
��/!	� 4 ��!	
&!��-8� +5� 5 %&��%� �
&
� !-� %�; !%���� 
� �
&
� %�; �-&� 5�%/� / -&� �����$�

	�/4��&��� B
:
!�
���� &�� ��7���
�� 5%�/� � %� 7��-!&�C� 
��� - �/!&&�����0�

&��-8�%��-��>!/4�%!
�8
	8 98� +5� &��� 4%�4�-
�� !-� 
44%�:���� 7�� 7!��� -���� 
� �
&
� -�
%!�����1�


�%��/��&�7�!	��/ -&����
�%���� 4�����5�%��7��%���
-��&���%�; �-&����
&
8���2�

���3�

�#�$��.�	�#�������6�

�#�&�
�9-�&���*���	�/���% -&�5�%�5 ��!���B�%
�&-<�62��6�O(O61O��
���636�2$�C8������

��� &�
�9-� &��� ���!	
�� ��-�
%	�� ,� �	!�� 5�%� ��%� )��� 5 ��!��� B�%
�&� � /��%�����

�&&4<OO7778/%	8
	8 9O!���?8�&/C�
���&���*���	�/���% -&�5�%�4�-&��	&�%
��5 ��!���B�%
�&�����

� /��%<� 636�2$O(O63O(G� �&&4<OO77787���	�/�8
	8 9OC8� )�*� &�
�9-� &�����,� 5�%�,��&%������

5 ��!��� B��O�6�6�1�O�C�� 
��� &��� '�� "+��� ��
�&�� )%�&�	&!��� ��-�
%	�� '�!&� !����$�

������!��� ��&��������� 
&� +/4�%!
�� ,������� ������� !�� 4
%&��%-�!4� 7!&�� ) ��!	� ��
�&����0�

����
���5�%�5 ��!���B�)�'=�6��=�6626C8������5 ���%-��
�����%����!��-& �����-!�����
&
���1�

Page 20 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

	����	&!���
���
�
��-!-����	!-!��� &��4 ��!-����%�4%�4
%
&!����5� &���/
� -	%!4&8�����:!�7-���2�

�?4%�--���
%��&��-���5�&���
 &��%-�
�����&���	�--
%!���&��-���5�&�����4
%&/��&��5���
�&�����3�

��,��"����"+����) ��!	���
�&������
�����%�&���*���	�/���% -&8���6�

� �

Page 21 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

-����������

�8�� ,����� ���� �/!&�� ���� � �--!�� ���� �
���&&� ���� )�7�%-� ��� �
-� �
� �8�

�&!%�&%�:!%
�� &%�
&/��&��5��+A=��4%�:��&-� &%
�-/!--!����5��+A=�<�7��%�����7�����

5%�/���%�U������
�	�&8��6��G�2�<��$�$D�$��8���!<�68�6�0O�6��6=01�0B��C0�332=��

�8�� ���&���N��,��� %!���"���V%�!��
 -�������
99�%�����
�& --�������
�-�%�@���&�
�8�

��!/!�
&!��� �5� �+A� !�� �� &�� 5%!	
� &�%� ��� �?4
����� 		�--� &�� �&!%�&%�:!%
��

���%
4�<� � ������ ,�/4
%!-��� �& ��8� )���� ���8� �6��G�6<� ��66�$��8�

��!<�68��1�OH� %�
�84/��8�66�$���

�8�� ,���
��%
&!��� ��� B��C� ,8� )%����-&!	� !/4�%&
�	�� �5� !�!&!
�� %�-4��-�� !�� �+A=��

!�5�	&���4
&!��&-�-&
%&!���4�&��&�
�&!%�&%�:!%
��&��%
4�<�
�
��-!-��5�4%�-4�	&!:��-& �!�-8�

�����
�	�&8��66�G�0�<�013D0208���!<�68�6�0O�6��6=01�0B6�C����3=2�

�8�� �+AO+����'")�8�36D36D36�=���
/�!&!� -�&%�
&/��&�&
%��&�&�����4�����&���+���

�4!��/!	� W� '"+��� I+�&�%��&J8� �6��8� :
!�
���<�

�&&4<OO7778 �
!�-8�%�O��O%�-� %	�-O��	 /��&-O�6��O36=36=36�

$8�� ��!�&� '�!&��� "
&!��-� )%��%
//�� ��� �+AO+��8�'"+��� &�%/!������� � !���!��-8�

#���:
<���!�&�'�!&���"
&!��-�)%��%
//������+AO+��8G��6�$8��

08�� �
%
��������%�%�,��� �--!�����)�&�
&����*!%&N������	9�%������&�
�8�� %�����5��+A�


/����5�/
���-�?�7�%9�%-�!����7=!�	�/��
���/!����=!�	�/��	� �&%!�-<�
�-�-&�/
&!	�

%�:!�7�
���/�&
=
�
��-!-8��
�	�&�+�5�	&��!-8��6��G��<�$�2D$�38���!<�68�6�0O���1�=

�633B��C16600=X�

18�� ���:
� *�� �
&��� �*�� ����� @�� @%
-�%� ,�� *�!&�� �#�� A!	9�%/
�� )�� �&� 
�8� �+A�

�%�
&/��&� 
-� )%�:��&!��<� �4&!/!-!��� &��� +/4
	&� �5� �?4
����� �+A� �%�
&/��&�

)%��%
//�-8�)�������8��6��G3<���66��$28���!<�68��1�OH� %�
�84/��8�66��$2�

28�� �
%�������7���-�,���A
�����)�%%��)���Y�
�N!������
&��
�#��# Y�� �@���&�
�8�

�	
��= 4��5�	�/�!�
&!���4%�:��&!���
���
�&!%�&%�:!%
��&��%
4��5�%�5�/
���-�?�7�%9�%-�

!�� *�-&� 5%!	
<� &!/�� 5�%� 
	&!��8� +��� ����� ����8� �6��G�1<� ��03D��1�8�

��!<�68�631OR�86�6�����2�$5�1���

38�� %��&&� ���,%
���8��!��&-�"�&���-	 �<����4�%&����@�/
�����%
�-� 
����
�����?�

*�%9�%-K� � /
�� �!��&-� !�� ��&-7
�
�� "
/!�!
� 
��� �� &�� 5%!	
8� I+�&�%��&J8� "�7�

.�%9� ,!&�G� �6638� :
!�
���<�

�&&4-<OO7778�4��-�	!�&�5� ��
&!��-8�%�O-!&�-O��5
 �&O5!��-O- //
%�Q�662����84�5�

�68�� ,�7
�� @����&�&7
� ��� �
:��� ,�� @�
%��� ��� �!%
7�� ���*���=#% ��7
��� ��� �&� 
�8�

���
��/��&�7!&���+A�)%�:��&!����%�
&/��&�
���,
%��
/����@�/
�����?�*�%9�%-�

!��(!/�
�7�<�
���-4�����&��%!:����
/4�!���� %:��8�)�����"�8��6��G2<��116268�

��!<�68��1�OH� %�
�84���86611626�

��8�� ���%/
�����*�!%���8� +�&��%
&!�����/��%
4�!	�
����4!��/!����!	
��44%�
	��-� &��

��-�
%	�� ��� �+AO+��<� ���� )%�?!/
&�=��&�%/!�
�&-� @%
/�7�%98� �� +�5�	&� �!-8�

�66$G�3�<��0�D�018���!<�68�620O��$�2��

Page 22 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

��8�� ��4/
�����"�
/ 9
4
�,��� -�
&!�)��� 4
/�!%��!�(���
-���)��#
%��&&�#)���&�
�8�

�+A�!�	!���	��!������
%-��5�5����7= 4��5�
�(!/�
�7��	���%&Z�332D�666�&���66�D

6�<� 	��&%!� &!��-� �5� 4%�?!/
&�� 
���  ���%��!��� ��&�%/!�
�&-� &�� &%
�-/!--!��8� +�&� ��

�4!��/!��8��662G�1<�22D�6$8���!<�68�63�O!H�O��/�$$�

��8�� ��
���������&%
&��������#�������%������� 55�)���7
��!�)��� -
9�:
�����&�
�8�

#���
�� �4!��/!������ �5� �+A� 
/���� 5�/
��� -�?� 7�%9�%-<� !�5� ��	�� �5� -&% 	& %
��

��&�%/!�
�&-8������
�	�&8��6�$G�2$<�$$D1�8���!<�68�6�0O�6��6=01�0B��C063��=��

��8�� #%��-������#
%��&&�#)��"�
/ 9
4
�,���
���&&�������7!-� ��,���
-���)��� �&� 
�8�

�+A� ��	�!��� 
--�	!
&��� 7!&�� ���
:!�%� 	�
���� !�� �
-&�%�� (!/�
�7�8� �	!��	�8�

�660G���<�00�D0008���!<�68���0O-	!��	�8����6$��

�$8�� ��/�-����"���������*
%������
���&&����"�
/ 9
4
�,��*�!&��)����&�
�8�����)%!	���5�

��?<� ,����/� '-�� 
��� &��� ��&�%/!�
�&-� �5� &��� )%!	�� �5� ��?� /���� @�/
��� ��?�

*�%9�%-� !�� �
-&�%�� (!/�
�7�8� �� +�5�	&� �!-8� �6��G��6<� �$03D�$128�

��!<�68�63�O!�5�!-OH! �3��

�08�� *�!%�������%�!��#���!����#
���!����"�����**����7
%�-������&�
�8��	�/4
%!-���

�5� %�-4�����&=�%!:��� 
���:�� �=�
-��� -
/4�!����5� 5�/
��� -�?�7�%9�%-� !���! N�� ��

,�!�
8���?��%
�-/�+�5�	&8��6��G22<�!3$D!�6�8���!<�68���0O-�?&%
�-=�6��=6$60�2�

�18�� ����
���,����%%���@���#���!/��,��*�%��	9�#����
	��
������)��&�-������&�
�8�

���/4!%!	
��	�/4
%!-����5�%�-4�����&=�%!:���-
/4�!����&!/����	
&!���-
/4�!����
���

-��7�
��� -
/4�!��� 5�%� ���
:!�%
�� - %:�!��
�	�� !�� /��� 7��� �
:�� -�?� 7!&�� /����

@�%&
��N
���%
N!�8�+������
:8��662G��<��31=�6�8���!<�68�661O-�6�0�=662=3�36=��

�28�� ��/�-��8�*�/���
&��!-98�+�<�*�/���
&��!-9��& ���=��
�!	
�
���,��&%��5�%�) ��!	�

��
�&�� I+�&�%��&J8� :
!�
���<� �&&4<OO7778/
�!	
�
���!:4%�H�	&8�%�O7�/��=
&=

%!-98�&/��

�38�� ��	9
&��%�� ��8� ��-4�����&=�%!:��� �
/4�!��<� � "�7� 44%�
	�� &�� &��� �& ��� �5�

�!�����)�4 �
&!��-8���	�)%���8��331G��<��1�D�338���!<�68��61O�6303���

�68�� ��/�-� ��� �9�:�
�� ��� "������ ��� *
%�� ��� ,
/4����� ,�� �
���&&� ���� �&� 
�8� �

%�	��5!� %
&!��� �5� &��� -�?� &%
��<� ��7� -�	!
�� 
��� -&% 	& %
�� 	�
���-� !�� �
-&�%��

(!/�
�7����5&�7�/���!�:��:���!��-�?�7�%9�
���&%
�-
	&!��
��-�?�/�%��: ���%
���8�

)�����"�8��6�1G��<��6�1�3�08���!<�68��1�OH� %�
�84���86�1�3�0�

��8�� '"+��8� ��?� 7�%9� 
��� �+AO+���� &�	��!	
��  4�
&�8� I+�&�%��&J8� #���:
G� �66�8�

:
!�
���<��&&4<OO�
&
8 �
!�-8�%�O4 ��!	
&!��-O+�,=4 �6�OH	16$=-�?7�%9=& Q��84�5�

��8�� �	� %�"����������� -�
&!�)���
9
% N
���*
%�����"�
/ 9
4
�,���&�
�8������55�	&-�

�5� �� -������7�
�&������+A�4%�:
���	�� !���
�!	
�
����(!/�
�7�� D� 
� 4%�-4�	&!:��

�� -������	��- -�
���4�4 �
&!��=�
-����4���	���%&�-& ��8���+�&�+�����	8��6�$G�28�

��!<�681��2O+�8�28�8�660��

��8�� �
�N� � ��� �	� /
	��%� ,�� #%��-��� �8� ��/4�%
�� ���
/!	-� �5� ���!�!��� 
-� 
�

��&�%/!�
�&��5��+A�+�5�	&!���!���
-&�(!/�
�7�<����%!
��,%�--=��	&!��
���
��-!-8�

)�����"�8��6��G3<��206068���!<�68��1�OH� %�
�84���86620606�

Page 23 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

���

�

���

�

��8�� )
&��� A�� �!/ �� � ��� #7
�N %
� @�� ��7!-� #�� �
��� 8� ���� ����
� ��/4&�/�

R �-&!���
!%�<� &��� ��:���4/��&� �5� 
�� !��!���� -� /�
- %�� �5� 	�//��� /��&
��

�!-�%��%-�!���
%
%�8�	&
�)-�	�!
&%��	
��8��331G3$<��03D�1$8��

�$8�� ���
H�
��� ��� �
&��� �*�� �
9
% N
� �� ���
�� ��� �
-7�%
� ��� �	� %� "�� �&� 
�8�

)%�:
���	��
���--�	!
&!��-��5�)-�	�����!	
���!-&%�--���+A�+�5�	&!���
����+A�,
%��

��%:!	�� '&!�!N
&!��� !�� �
-&� (!/�
�7�8� +��� ���
:8� �6�1G� �D��8�

��!<�68�661O-�6�0�=6�1=�16$=?�

�08�� �� %�!������8���������
�4��4��-<����&����%
4����5�&���	��&�/4�%
%������
��7!&��

-4�	!
��%�5�%��	��&��&��!%�%��!�!��8��%����8�#7�% <��
/���)%�--G��3218��

�18�� ��--���A
����%�)

������ ���
�����
�
�H
��"����
5�%����*�!&7�%&�� �8��+A=��

�!-�
-�� 4%��%�--!��� 
��� 5�%&!�!&�<� &��� !�	!���	�� �5� %�	���!N��� 4%���
�	�� 
���

4%���
�	��� &	�/��!��'�
��
8�+������������8��66�G�2<�133D26�8��

�28�� �� �&
!������!-�%
����A!	9�%/
��)��)!	9��-����#!�9-�,����!����=,8��&!%�&%�:!%
��

���%
4�� '4&
9��� &&%!&!���� ���%��	�� 
��� � &	�/�-� 
/���� �+A=+�5�	&��� @�/
���

��?� *�%9�%-<� � ��-&�/
&!	� ��:!�7� 
��� ��&
=�
��-!-8� )���� �"�8� �6��G3<�

��6$0�$8���!<�68��1�OH� %�
�84���86�6$0�$�

�38�� �%
 �-&�!�� ���� '/ �!-
� �=��� A���� !HN��� "��� ��-&����� ��� +��
�!%�� ,���

"�!�
7
���
� ��� �&� 
�8��+A��!
���-!-�� �!�9
��� &���+A�	
%��� 
����+A� %!-9����
:!�%-�


/���� ��7��� �!
���-��� �+A=4�-!&!:�� 5�/
��� -�?� 7�%9�%-� !�� �!�
�!�� �7
��
8� ��

	; !%� +// ��� ��5!	� ����%� �3338� �6��G$1<� �16=108�

��!<�68�631OR+86�6�����2��165���

�68�� �
--�&&� +A�� ���
�� ��� ,��&&�� ��� #!���� ��� '���%� ���� ���-&� ��� �&� 
�8� *��� -&
%&-�


�&!%�&%�:!%
�� &��%
4�� !��� %�
��� �� &��5%!	
U[���&� �:�%�����7��� -�� ��8�+���

���������8��6�6G��<���1D���8���!<�68�631O6�8
!�-86666�0062�83��3�8�	�

��8�� � �&� ,�� � ��%
���� �� ���
&Y� +�� �%
�%�� +�� �� �&� @�� �
��%Y� �� �&� 
�8� ����� &�%/�

:!%����!	
��� !// �����!	
�� 
��� /�%&
�!&�� � &	�/�-� !�� 
� 	���%&� �5� �+A=!�5�	&���

5�/
���-�?�7�%9�%-�&%�
&���7!&���!�����
	&!:��
�&!%�&%�:!%
��&��%
4��!��5%!	
8���,�

) ��!	���
�&�8��6��G��<�1668���!<�68��20O��1�=��$2=��=166�

��8�� �!
�
&Y� ��� (
��� �����#�%
����"��,�
/��%�
�����9
94�� ����� 
�
�,�� �&� 
�8�

�&!%�&%�:!%
�� ���%
4�� 
/���� �+A=�� +�5�	&��� @�/
��� ��?� *�%9�%-� !�� ���!�<� �

,�/4
%
&!:�� �& ��� 7!&�� )
&!��&-� 5%�/� &��� #���%
�� )�4 �
&!��8� *�%��� �� +��8�

�6��G6�<�3�8���!<�68���0O7H
8�6��8��6���

��8�� )
 �!�� �"�� ���:!�-� ��� ���&��� ���� �!�&��� "�� A
N� ���� A�%�
%
� ��� �&� 
�8� �+A�

&�-&!��� -�%:!	�� 
7
%���--� 
��� -�%:!	��  4&
9�� 
/���� 5�/
��� ��
�-� �5� �� -������ !��

% %
�� ��N
/�!; �<� %�- �&-� 5%�/� 
� 4%�:!�	�=7!��� - %:��8� ��,� ) ��!	� ��
�&�8�

�6�$G�$8���!<�68��20O-��223=6�$=��22=N�

��8�� "�*)8� �&!�/
� 
����!-	%!/!�
&!��� �?4�%!��	��� ��� ��?�*�%9�%-� �!:!���7!&���+A�

I+�&�%��&J8� �6�$� ��	8� :
!�
���<� �&&4<OO7778�-748�%�O%�-� %	�O-&!�/
=
��=

�!-	%!/!�
&!��=�?4�%!��	��=-�?=7�%9�%-=�!:!��=�!:�

Page 24 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�$�

�

�$�

�

�$8�� �9�:�
�� ��� ,
/4����� ,�� "�
/ 9
4
� ,�� #%��-��� �8� *���� /
-	 �!�!&�� !�&�%5�%�-�

7!&�� 7�/��K-� &%�
&/��&� �5� �+A� !�5�	&!��<� 
� ; 
�!&
&!:�� -& ��� 
�� &� 
���%��	�� &��


�&!%�&%�:!%
��&��%
4��!��(!/�
�7�8���+�&�+�����	8��6��G��<��38���!<�68��20O�1$2=

�0$�=��=�3�

�08�� (!/�
�7�� �!�!-&%�� �5� ��
�&�� 
��� ,�!��� ,
%�8� (!/�
�7�� )�4 �
&!��=�
-��� �+A�

+/4
	&�--�--/��&�� %:��8��
%
%���(!/�
�7�G��6�08��

� �

Page 25 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�0�

�

�0�

�

��(����

��(���1+�	�����$���.��������������������������������$������������������������������
�

���3���$��������������(���������
�������$��������$�����$�������������������

������.���$����������3�,��������$�'��(�(��3�0445�0411�
�� �	�� �	�� �� � �

��	!�=��/��%
4�!	�	�
%
	&�%!-&!	� ��� �� ��� �� �� !)-� 567�"��

��=�%� 4�
�3=�3� �0� B�81FC� 3$6� B308�FC� 320� �� =�

�6=�3� 1�� B38�FC� 1�6� B3680FC� 12�� �81$� �82�=�8���

�6=�3� �0� B28FC� $�1� B3�8FC� $1�� �8�� �8�1=�80��

$6=$2� �2� B�81FC� �02� B3$8�FC� �20� �8�3� 681�=�8�6�

�
%!&
��-&
& -�

"�:�%�/
%%!��� 2� B�68$FC� 02� B238$FC� 10� �8�2� �8�0=083��

�
%%!��� 21� B�8�FC� �3��� B3$80FC� �333� �� =�

�!:�%	����%�-�4
%
&��� ��� B�$8�FC� ��$� B2�80FC� �00� �810� �8$�=$80��

*!��7��� �1� B380FC� �$6� B368�FC� �21� �8�$� �8�1=�8�$�
,� %	������/!�
&!����

,�%!-&!
�� 23� B08FC� ��2$� B3�8FC� ��1�� �� =�

�4!%!& 
�� $�� B$81FC� 22�� B3�8�FC� 3�$� 683�� 680�=�8�6�
�&��%� ��� B28FC� �$�� B3�8FC� �1$� �8�$� 682�=�8���

"���� �6� B��8�FC� ��� B1081FC� ��� �8�1� �8�6=38$��
��	!�=�	���/!	�-&
& -�

@!%-&�B4��%�-&C�&�%	!��� ���� B083FC� �0�$� B3�8�FC� �1$0� �� =�

��	����&�%	!��� ��� B082FC� $1�� B3�8�FC� 0��� 6831� 6801=�8�6�
��!%��&�%	!��� 1� B�80FC� �0�� B318�FC� �16� 68�1� 68�1=6826�

��-!���&!
��
%�
�

��7�� 0�� B381FC� $31� B368�FC� 00�� �� =�
�%!	 �& %
���-&
&�� �6� B08�FC� 0�6� B3�82FC� 0$6� 68$3� 68�3=6823�

��
�-!���-�&&��/��&� �$� B08FC� 16�� B3�8FC� 1�1� 68$3� 68�6=6823�

� �-!-&��	��5
%/!���:!��
��� �$� B�81FC� 0�0� B308�FC� 01�� 68�0� 68��=68$2�

�� 	
&!���

)%!/
%���%������ 1�� B18�FC� 3��� B3�81FC� �6�2� �� =�

��	���
%���%��!���%� �66� B$82FC� �0��� B3�8�FC� �1��� 6812� 68$�=�8���

,�!��%���
�!:��

"���� ��� B�682FC� �0$� B238�FC� �63� �� =�

�� �$� B$81FC� 1$6� B3�8�FC� 13$� 68$�� 68��=682��
�� ��� B$82FC� 16�� B3�8�FC� 1��� 68�0� 68�3=681��

�� �6� B�8�FC� ��0� B3$80FC� �$0� 68�1� 68�$=68�1�

�� �� ��� B082FC� �6�� B3�8�FC� ��$� 68�3� 68��=6801�

+�&�%/��!
&����&�%/!�
�&-� �� �� �� �� �� �� ��

����������.�

�+A���- �&�

)�-!&!:�� 3�� B�$8�FC� $6$� B2�81FC� $30� �866� �836=$8$6�
"��
&!:�� 2�� B�82FC� �6�2� B308�FC� ���6� �� =�

���7������
�� &��+A�%!-9-�

#���� �$2� B082FC� ��01� B3�8�FC� ���$� �80�� 6830=�810�

)��%� �0� B�8FC� �22� B308FC� �6�� �� =�

���7!���4�%-��-��!:!���7!&���%�7���)��+A�

O��!���5%�/��+A�

6� ��� B�81FC� $60� B318�FC� $�6� �� =�

��=���� ��� B�80FC� �$$� B3$8�FC� �11� �803� 682$=�8�0�

��=���� �3� B08�FC� ��3� B3�83FC� �12� �8��� �8��=�863�
$�=�0� ��� B081FC� �$2� B3�8�FC� �3�� �8��� �8�2=�80��

1� 10� B�68FC� 021� B368FC� 10�� �8$0� �832=08�2�

�!-9�4�%	�4&!���5�%��+A�!�5�	&!���
�7���!��=%!-9����
:!� %� �3� B�282FC� ��� B$�8�FC� 26� �282�� ��8�3=�682��

)
%&��%B-C\��!��=%!-9����
:!� %� �2� B382FC� �00� B368�FC� �2�� �8�2� �8�2=�81��

�&��%�%�
-��-� ��� B��8�FC� ��2� B2082FC� �$3� �8�3� �86$=$80��
"���� 30� B�8�FC� ���6� B3$82FC� ��60� �866� =�

����-�/4&�/-�!���
-&����/��&�-�

.�-� �3� B��83FC� ��$� B228�FC� ���� �86$� �8��=�8���

"�� ��$� B$82FC� ���6� B3�8�FC� ��2$� �� =�

�!	9��--�!���
-&����/��&�-�

�+A=%��
&���!����--� ��� B�68FC� 3�� B268FC� ��$� �863� �8��=083��

�&��%�!����--� 2�� B081FC� ���$� B3�8�FC� ��60� �8�1� 6832=�83��

"���� 03� B�83FC� ���$� B3$8�FC� ��6�� �� =�

)-�	�����!	
���!-&%�--�
.�-� ��� B��80FC� �32� B218�FC� ���� �8��� �806=�8���

Page 26 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

�1�

�

�1�

�

"�� ���� B$8$FC� ��$1� B3�8$FC� ��22� �� =�
)%���
�	!�-�!���
-&�����
%-�

�����%�/�%�� �3� B�8�FC� �611� B3$80FC� ���0� 68$3� 68�6=6821�

"���� ��$� B182FC� ��12� B3�8�FC� �06�� �� =�

�&!�/
�
����!-	%!/!�
&!���B
55�	&!���&�-&!��C�

.�-� �� B18�FC� �0� B3�83FC� �2� 686$� 68�$=�8�3�

"�� �1�� B08�FC� �$�3� B3�80FC� �16�� �� =�

�%
:���&!/��&���+A�&�-&!���5
	!�!&��

S�6�/!�-� 0�� B��8$FC� �36� B208$FC� �$�� �� =�

�6=$3�/!�-� �3� B08�FC� $2$� B3�82FC� 0��� 68��� 68�1=680��

06=23�/!�-� ��� B�82FC� $21� B308�FC� 0�6� 68��� 68�$=68�6�

36�/!�-� �2� B$8�FC� 2�3� B3�80FC� 231� 68�$� 68��=68$��

'�	�%&
!�� �� B�8FC� ���� B328FC� ��1� =� =�

!������������������������

����7�������5����

.�-� ��0� B280FC� ����� B3�8�FC� ��01� �8�$� �801=�8���
"�� �2� B�82FC� ��6�� B308�FC� ��$�� �� =�

�&!�/
�
����!-	%!/!�
&!���B!��&���

	�// �!&�C�

.�-� ��� B28$FC� �0�� B3�8$FC� $6$� 68�0� �86�=�862�

"�� ���� B$83FC� �636� B3�8�FC� ����� �� =�

)��%�!�5� ��	��

���
&!:�B-C������� ��� B28FC� �03� B3�8FC� $�6� �8��� �8��=�8���

@%!���B-C������� $$� B��8�FC� ���� B2$82FC� �22� �832� �803=$823�

"���� $2� B�81FC� ��30� B308�FC� �$$�� �� =�

�%
:���&!/��&�����-�%:!	����

S�6�/!�-� ��� B�08$FC� �1�� B2�8$FC� �60� �� =�

�6=$3�/!�-� �1� B08�FC� �0�� B3�83FC� �12� 68��� 68�1=68$1�
06=23�/!�-� �1� B18�FC� ���� B3�83FC� ���� 68�2� 68�6=6816�

36�/!�-� ��� B282FC� ���� B3�8�FC� �1�� 68�0� 68�2=6812�

�� '�	�%&
!�� 1�� B�8$FC� �$$1� B3$8$FC� �0�6� =� =�

��=�
��=
�H -&������-�%
&!�-G�3$F�,+=�3$F�	��5!���	��!�&�%:
�-�
��+�	� ��-�7�/�����&�
7
%���5��+A�&�-&!���
������-�%:!	�-�&��4%�:��&��?	� -!����5�&��-��4
%&!	!4
�&-�5%�/�&���/ �&!=:
%!
����


�
��-!-8����-�%
&!�-�7�%����&�!�&�%4%�&���5�%�&�!-��%� 4�
-�&����
%����&�	�/4
%
����7!&��&���%�5�%��	��	
&���%��
�

�

Page 27 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

�2�

�

�2�

�

�
�����<�@
	&�%-�	��&%!� &!���&���!55�%��	�-�!�� 4&
9���5��+A�&�-&!�����&7����@�*�
���"�*���
�!	
�
����(!/�
�7����663=�6���B"E�1�3C�

�

��

��

8���������!���%���� 	�����$���.�������
	�����$���.�������9�

	�
����

�������$�����

�������������

�������$�������������������

9�

	�
����

�#���,�$���

�� �� �� �� !)-� 567�"�� !)-� 567�"�� !)-� 567�"�� !)-� 567�"�� !)-� 567�"�� !)-� 567�"��

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

��?�*�%9� "�*� �3�$� B1$8�FC� �� =� =� =� �� =� =� =� �� =� �� =�
�� @�*� ���� B2�80FC� �8$� �866=�8���� =� =� �81$� �8��=�803� =� =� 6833� 680�=�8$1� �8��� 6803=�82��

	�����$���.������� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

��=�%� 4� �� ��

�3=�3� 2��� B2�8�FC� �� =� �� =� �� =� =� =� =� =� �� =�
�6=�3� 0��� B138�FC� 681$� 68$3=683$� 6803� 68$�=6836� 6801� 68$�=6821� =� =� =� =� 680$� 68�2=6823�

�6=�3� �6�� B168�FC� 68�0� 68�0=68$3� 68�0� 68��=680�� 68�$� 68��=6806� =� =� =� =� 68$�� 68�1=6812�

$6=$2� ���� B$18�FC� 68�1� 68�6=68�$� 68�3� 68��=68��� 68�3� 68��=68��� =� =� =� =� 68�3� 68�0=68$3�
�
%!&
��-&
& -�

"�:�%��
%%!��� �2�� B1�8�FC� 68�2� 68�1=68�$� 68��� 68�2=68$6� 68�� 68�2=68�3� =� =� =� =� 68��� 68��=6812�

�
%%!��� ��� B$$8�FC� �� =� �� =� �� =� =� =� =� =� �� =�

�!:�%	����%�-�4
%
&��� �$$�� B1180FC� 6812� 68$2=�86$� 682� 68$3=�863� 6811� 68$0=�86$� =� =� =� =� 682�� 68$2=�8�1�

*!��7��� �3�� B1�82FC� �8�� 6833=�816� �8�� �860=�82$� �8�2� �86�=�82�� =� =� =� =� �8�0� 683�=�81��

,� %	������/!�
&!���
�
,�%!-&!
�� ����� B1081FC� �� =� �� =� �� =� =� =� =� =� �� =�

�4!%!& 
�� 16�� B1$8FC� 682�� 6803=�86�� 6823� 681�=�863� 6823� 681�=�8�6� =� =� =� =� 683$� 681$=�8�6�

�&��%� �6�� B1�82FC� 6812� 68$2=�860� 6821� 680�=�8�6� 6821� 680�=�8�6� =� =� =� =� 683�� 680$=�8���

"���� �6� B0382FC� 68$0� 68�2=�863� 68$0� 68�2=�8��� 68$�� 68�0=�860� =� =� =� =� 68��� 68�6=683��

��	!�=�	���/!	�-&
& -�

@!%-&�B4��%�-&C�&�%	!��� ��62� B1�8$FC� �� =� �� =� �� =� =� =� =� =� �� =�
��	����&�%	!��� �1�� B1083FC� �8��� 6836=�8��� �86�� 682�=�8�6� �86�� 682�=�8��� =� =� =� =� 683�� 681�=�8���

��!%��&�%	!��� ��3� B2�8�FC� �8�$� 6831=�821� �860� 681�=�8$�� �8�� 6811=�8$3� =� =� =� =� 683� 6806=�8���

��-!���&!
��
%�
�
��7�� $��� B2�8FC� �� =� �� =� �� =� =� =� =� =� �� =�

�%!	 �& %
���-&
&�� �06� B1682FC� 68$1� 68��=681�� 68$3� 68��=6813� 680�� 68�0=682�� =� =� =� =� 680�� 68�$=6822�

��
�-!���-�&&��/��&� $03� B108�FC� 682�� 680�=�860� 6813� 68$3=�86$� 682�� 6806=�862� =� =� =� =� 683�� 6802=�8�6�

� �-!-&��	��5
%/!���:!��
��� �30� B1�83FC� 681�� 68$�=683�� 681� 68$�=683$� 681�� 68$$=6833� =� =� =� =� 683�� 6801=�8���

�� 	
&!���
�
)%!/
%���%���--� 01$� B008�FC� �� =� �� =� �� =� =� =� =� =� �� =�

��	���
%���%��!���%� ��3�� B2�8�FC� �8�1� �8�2=�82�� �8�$� �8�$=�82�� �8�0� �8�0=�82�� =� =� =� =� �860� 682�=�8�1�

,�!��%���
�!:��

"���� �$1� B0�82FC� �� =� �� =� �� =� =� =� =� =� �� =�

�� 0��� B138$FC� �83� �8�$=�8$6� �80�� �8��=�8�0� �801� �8�0=�8��� =� =� =� =� �8$�� �8�6=�863�

�� $20� B1282FC� �813� �8�$=�8�0� �8$�� �8��=�86$� �8$1� �8�1=�8��� =� =� =� =� �8�2� �860=�860�

�� ���� B1$8�FC� �80� �8�2=�8�2� �8��� �86�=�832� �8$� �862=�861� =� =� =� =� �8�$� �86�=�862�
�� �� ��3� B1080FC� �822� �8��=�80$� �81�� �8��=�8�2� �813� �8��=�8$1� =� =� =� =� �81�� �8��=�8$3�

�������$������������������ �� �� �� �� �� �� �� �� �� �� �� �� �� ��

�+A���- �&�

)�-!&!:�� �$�� B108�FC� �863� 6822=�8�0� =� =� =� =� =� =� =� =� =� =�

Page 28 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

�3�

�

�3�

�

"��
&!:�� �0��� B1$80FC� �� =� =� =� =� =� =� =� =� =� =� =�
���7������
�� &��+A�%!-9-�

#����� �121� B1083FC� �8$� �8�2=�836� =� =� =� =� �8��� �862=�820� �8��� �862=�820� �8�$� �86�=�826�

)��%�� �26� B038�FC� �� =� =� =� =� =� �� =� �� =� �� =�

�!-9�4�%	�4&!���5�%��+A�!�5�	&!���

�7���!��=%!-9����
:!� %� 02� B2$8FC� �8�0� �8�0=�8��� =� =� =� =� �8��� 680�=�8�0� �8��� 6806=�8��� �8�� 680�=�816�

)
%&��%B-C\��!��=%!-9����
:!� %� �1�� B3�8$FC� 08��� �8��=��8�3� =� =� =� =� �8$�� �8�6=283�� �8$�� �8�6=283�� �80�� �8�3=38�3�

�&��%�%�
-��-� ���� B2�81FC� �8��� �8�1=�8�3� =� =� =� =� �8�1� 683�=�8�$� �8�1� 683�=�8�$� �8��� 6821=�8�3�

"���� �03�� B1�8$FC� �� =� =� =� =� =� �� =� �� =� �� =�

���7!���4�%-��-��!:!���7!&���%�7���)��+A�O��!���5%�/��+A�

6� ���� B008�FC� �� =� =� =� =� =� �� =� �� =� �� =�

��=���� �$6� B1�8�FC� �8$�� �8��=�866� =� =� =� =� �8��� 682�=�8$1� �8��� 682�=�8$1� �8��� 6826=�8$1�

��=���� �3�� B2�8FC� �8$0� �823=�8�1� =� =� =� =� �863� �8�2=�83$� �863� �8�2=�83$� �86�� �8��=�83��
$�=�0� �23� B138�FC� �8�0� �803=�86�� =� =� =� =� �8$�� �8��=�8��� �8$�� �8��=�8��� �8�1� �86$=�860�

1� $3�� B1180FC� �861� �806=�803� =� =� =� =� �8�$� �86�=�82�� �8�$� �86�=�82�� �8�1� 683�=�81��

����-�/4&�/-�!���
-&����/��&�-�
.�-� �3$� B1383FC� �8$� �866=�8��� =� =� =� =� 682�� 68$1=�8�6� 682�� 68$1=�8�6� 682�� 68$0=�8���

"�� �21�� B1$8�FC� �� =� =� =� =� =� �� =� �� =� �� =�

�!	9��--�!���
-&����/��&�-�

�+A=%��
&���!����--� �63� B3�82FC� 2862� �8$6=�2801� =� =� =� =� �812� �8$$=38�2� �812� �8$$=38�2� �8�$� �810=�681��

�&��%�!����--� 36�� B1$8FC� �86�� 6821=�8�$� =� =� =� =� 6831� 6826=�8�3� 6831� 6826=�8�3� 6831� 6812=�8�6�

"���� �6$�� B1�83FC� �� =� =� =� =� =� �� =� �� =� �� =�

)-�	�����!	
���!-&%�--�

.�-� �$3� B108FC� �8��� 682$=�8�1� =� =� =� =� =� =� =� =� =� =�

"�� �262� B1$81FC� �� =� =� =� =� =� =� =� =� =� =� =�

)%���
�	!�-�!���
-&�����
%-�

�����%�/�%�� 31�� B208$FC� �8��� �82�=�830� =� =� =� =� �8$�� �83�=�8�2� �8$� �83�=�8�2� �8��� �82�=�8���

"���� �63�� B028�FC� �� =� =� =� =� =� �� =� �866� =� �� =�
�%
:���&!/��&���+A�&�-&!���5
	!�!&���

� � � � � � � �
S�6�/!�-� �2$� B2$8�FC� �� =� =� =� =� =� �� =� �� =� �� =�

�6�=�$3�/!�-� $62� B2�8�FC� 6812� 68$0=�863� =� =� =� =� 681�� 68$�=�86�� 681�� 68$�=�86�� 681�� 68$�=�860�
06�=�23�/!�-�� �16� B118�FC� 680�� 68�$=6821� =� =� =� =� 68$2� 68��=682�� 68$2� 68��=682�� 68$� 68�$=681��

36�/!�-�� 036� B1083FC� 680�� 68�0=6820� =� =� =� =� 68$2� 68��=6826� 68$2� 68��=6826� 68�1� 68��=6801�

'�	�%&
!�� ��� B38$FC� =� =� =� =� =� =� =� =� =� =� =� =�

���7�������5����

.�-� ����� B2�8�FC� �8�2� �832=�820� =� =� =� =� �8$�� �8��=�821� �8$�� �8��=�821� �8�2� �8�3=�82$�

"�� 2��� B0080FC� �� =� =� =� =� =� �� =� �� =� �� =�

�&!�/
�
����!-	%!/!�
&!���B
55�	&!���&�-&!��C�

.�-� �3� B0183FC� 6810� 68��=�81�� =� =� =� =� =� =� =� =� =� =�

"�� �6�2� B1$82FC� �� =� =� =� =� =� =� =� =� =� =� =�

�&!�/
�
����!-	%!/!�
&!���B!��&���	�// �!&�C�

.�-� �3$� B128�FC� �8�2� 683�=�8$6� =� =� =� =� =� =� =� =� =� =�

�� "�� �003� B1$8�FC� �� =� =� =� =� =� =� =� =� =� =� =�

��=�
��=
�H -&������-�%
&!�-G�3$F�,+=�3$F�	��5!���	��!�&�%:
�-�
��+�	� ��-�7�/�����&�
7
%���5��+A�&�-&!���
������-�%:!	�-�&��4%�:��&��?	� -!����5�&��-��4
%&!	!4
�&-�5%�/�&���/ �&!=:
%!
����
�
��-!-8����-�%
&!�-�7�%����&�!�&�%4%�&���5�%�&�!-��%� 4�
-�&����
%����&�	�/4
%
����

7!&��&���%�5�%��	��	
&���%��

Page 29 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

�6�

�

�6�

�

�
�����<�@
	&�%-�	��&%!� &!���&���!55�%��	�-�!�� 4&
9���5�
�&!%�&%�:!%
��&%�
&/��&���&7����@�*�
���"�*���
�!	
�
����(!/�
�7����663=�6����

��

��

8���������!���%�����
	�����

$���.�������

	�����

$���.��������

	�
����

�������$�����

�������������

�������$�����

��������������

	�
����

�#���,�$���

�� �� �� 7� !)-� 567�"�� !)-� 567�"�� !)-� 567�"�� !)-� 567�"�� !)-� 567�"�� !)-� 567�"��

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

	�
����� "�*� ��2� B0�8�FC� �� =� =� =� �� =� =� =� �� =� �� =�

@�*� �$� B2�83FC� �80�� �8�0=0866� =� =� �8�2� 6831=$8�3� =� =� �8�0� 683�=��8�0� �8$�� 6813=�$8�1�

	�����$���.������� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��

!.��

�

���B	��&!� � -C� =� =� �8$�� �8��=�860� �80�� �8�3=�8��� �8$1� �8��=�8�$� =� =� =� =� �80�� �86�=�8$1�

���� =� =� �� 6833=�866� 6833� 6833=�866� �� 6833=�866� =� =� =� =� �� 6833=�866�

,�����������#��
"�:�%��
%%!��� �� B$68FC� 68��� 686�=�8$1� =� =� =� =� =� =� =� =� =� =�

�

�
%%!��� 1�� B$38FC� �� =� =� =� =� =� =� =� =� =� =� =�

�

�!:�%	��O��4
%
&��� �3� B1�8�FC� �8$0� 6800=�80$� =� =� =� =� =� =� =� =� =� =�
*!��7��� 26� B1181FC� �8��� 681�=�81�� =� =� =� =� =� =� =� =� =� =�

"�#������������������
�
,�%!-&!
��	� %	��-� �66� B1�8$FC� �� =� =� =� =� =� =� =� =� =� =� =�

�

�4!%!& 
��	� %	��-� $3� B$380FC� 680�� 68�$=�8��� =� =� =� =� =� =� =� =� =� =�

�

�&��%�%��!�!��� �3� B1�8�FC� �8�3� 68�0=�8$2� =� =� =� =� =� =� =� =� =� =�

"��%��!�!��� $� B1�8�FC� �� 68�6=��8�2� =� =� =� =� =� =� =� =� =� =�

	������������������#��
�
��B4��%�-&C� ���� B028�FC� �� =� =� =� =� =� =� =� =� =� =� =�

�

�� �1� B038�FC� �8��� 680�=�8��� =� =� =� =� =� =� =� =� =� =�

�

�� �6� B1�8�FC� �8�� 682�=08��� =� =� =� =� =� =� =� =� =� =�

-���$������������

�

��7�� 0�� B168$FC� �� =� �� =� �� =� =� =� =� =� �� =�

�%!	 �& %
���-&
&�� $�� B108�FC� �8�� 68$�=�8�$� �8�1� 68$2=�810� �8�1� 680�=�86�� =� =� =� =� �8$�� 6811=28�3�

�

��
�-!���-�&&��/��&� �$� B$28�FC� 68�2� 68��=�86�� 68$�� 68�0=�8�$� 680� 68�2=�8�2� =� =� =� =� 6821� 68�3=�80��

�

� �-!-&��	��5
%/!���:!��
��� ��� B0$8�FC� 682�� 68�1=�82�� 6830� 68��=�8�0� �86�� 68��=�8�6� =� =� =� =� �812� 68$�=$83$�

&$#�������
�

�

)%!/
%���%���--� 20� B1�81FC� �� =� =� =� =� =� =� =� =� =� =� =�
��	���
%���%��!���%� 31� B0$8$FC� �863� 68$2=�861� =� =� =� =� =� =� =� =� =� =�

"���$����������

�

6� $6� B2�82FC� �� =� �866� =� �� =� =� =� =� =� �� =�

�� $�� B0081FC� 68��� 68�2=�862� 68��� 68�2=�8�6� 68�3� 68�3=�8��� =� =� =� =� 68�� 686�=�8���

�

�� �6� B0�8$FC� 68�1� 68�$=683$� 68�3� 68�$=�86�� 68�0� 68�2=�8��� =� =� =� =� 68��� 686�=6810�

�� ��� B$28$FC� 68�1� 68�6=681$� 68�1� 68�6=681�� 68��� 68��=6821� =� =� =� =� 68��� 686�=6826�

�

�� �1� B0�8FC� 68��� 6862=681�� 68��� 6862=681$� 68�$� 6862=6812� =� =� =� =� 686$� 686�=68�0�

�������$�����

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

:�����$.���(�#������

�����

#����� �0�� B0382FC� �8�2� 68$�=�80�� =� =� =� =� =� =� =� =� =� =�

Page 30 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

���

�

���

�

�

)��%�� ��� B$28�FC� �� =� =� =� =� =� =� =� =� =� =� =�

-��������������������������������

�

�7���!��=%!-9����
:!� %� �1� B1�80FC� �8�� 68�2=�8�0� =� =� =� =� =� =� =� =� =� =�

�

)
%&��%B-C\��!��=%!-9����
:!� %� 3�� B038�FC� �860� 68��=�802� =� =� =� =� =� =� =� =� =� =�

�

�&��%�%�
-��-� �0� B0�8�FC� 682�� 68�3=�8�0� =� =� =� =� =� =� =� =� =� =�

�

"���� �2� B0081FC� �� =� =� =� =� =� =� =� =� =� =� =�

;��������#�����

�

���
&!:�B-C������� 1�� B1$82FC� 38��� �8�$=�38$2� =� =� =� =� �83$� 6816=$8��� �82�� 6800=$860� �813� 680�=$8�6�

�

@%!���B-C������� 3�� B218$FC� �08�2� 18��=�18�6�� =� =� =� =� �86�� �86�=283�� �8$�� 682$=18�0� �8�3� 6803=0831�

�

"���� �6� B�38FC� �� =� =� =� =� =� �� =� �� =� �� =�

	���������������10�

�������

�

�+A=%��
&���!����--� 03� B1�80FC� �863� 68$1=�863� =� =� =� =� =� =� =� =� =� =�

�

�&��%�!����--� ��� B0�82FC� 6803� 68�$=�8�$� =� =� =� =� =� =� =� =� =� =�

"���� 1�� B0280FC� �� =� =� =� =� =� =� =� =� =� =� =�

	����%���������������10��������
.�-� $�� B028FC� �86�� 68$0=�823� =� =� =� =� =� =� =� =� =� =�

�

"�� ���� B028�FC� �� =� =� =� =� =� =� =� =� =� =� =�

;�%�����.�����$��������

�

.�-� �0� B$28�FC� 68�0� 68��=6820� =� =� =� =� 68��� 68�3=6833� 68��� 68�2=6830� 68�2� 68�6=�8�2�

�

"�� ��1� B1�8�FC� �� =� =� =� =� =� �� =� �� =� �� =�

;��.����������������<�

%�����

�

�����%�/�%�� �2� B$683FC� 6820� 68��=�826� =� =� =� =� =� =� =� =� =� =�

�

"���� �$$� B1�82FC� �� =� =� =� =� =� =� =� =� =� =� =�

����������������!-��

�������=�

�

S�6�/!�-� ��� B2182FC� �� =� =� =� =� =� �� =� �� =� �� =�

�

�6�=�$3�/!�-� ��� B1�81FC� 68�1� 6862=6820� =� =� =� =� 68�1� 6862=6823� 68��� 68�6=�8�$� 68��� 68��=�8$2�

�

06�=�23�/!�-�� ��� B2�8FC� 68��� 6863=�8�2� =� =� =� =� 68�1� 68�6=�8�6� 68��� 68��=�80�� 68��� 6861=�801�

�

36�/!�-�� 0�� B2682FC� 68�1� 68��=�8�0� =� =� =� =� 68�0� 68��=�8�0� 68$�� 68�$=�80$� 680$� 68�1=�8�3�

'�	�%&
!�� �� B�8�FC� =� =� =� =� =� =� =� =� =� =� =� =�

	��.�����$�$��������������>�����������#���%?�

�

.�-� �2� B1�81FC� �8�� 680�=�80�� =� =� =� =� =� =� =� =� =� =�

"�� ��$� B0182FC� �� =� =� =� =� =� =� =� =� =� =� =�

��=�
��=
�H -&������-�%
&!�-G�3$F�,+=�3$F�	��5!���	��!�&�%:
�-�
��+�	� ��-�7�/�����&�
7
%���5��+A�&�-&!���
������-�%:!	�-�&��4%�:��&��?	� -!����5�&��-��4
%&!	!4
�&-�5%�/�&���/ �&!=:
%!
����
�
��-!-8����-�%
&!�-�7�%����&�!�&�%4%�&���5�%�&�!-��%� 4�
-�&����
%����&�	�/4
%
����

7!&��&���%�5�%��	��	
&���%��

�

�

�

Page 31 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

Fig. 1: Theoretical framework illustrating how engagement in sex work (or not) may influence 

use of HIV testing and treatment services (dashed line A). This framework hypothesises that 

individuals’ uptake of services may be influenced by various socio-demographic characteristics 

(dashed line B), and that these factors may be mediated by involvement in sex work which, in 

turn, alters uptake of services. Involvement in sex work is not considered to alter uptake of 

services per se; rather, engagement in sex work is associated with different social, structural 

and psychosocial experiences compared to non-sex workers which, in turn, may drive 

differential uptake of services by sex work status.  

 

 

Page 32 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

��

�

�

��������	�
��������	�����������������	�������	��	��������������������	���������������������������	�������
 ���	����!�������	�����������	���	�����	�����������	��	����������	���� ������������������������"������!��
 ����� ����	!���������	������#�����������������������	����	������������� ����	!���������	������#�	���

����������������	����������������������	�����	������������� ����	!����������	�����$�%&'�������������������
�������������������	���(�$�)���	�����������������#������������	�������	������"������!�� �����	���	�����	������

�����	��	�����

�

�

Page 33 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

1 

 

 

����������	
��	��
�	��

 

 

 

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

��
��
�������� ������
��
��

Several theoretical models of the mechanisms for behaviour change have been successfully 

applied to reduce risky sexual behaviour by individuals [1]. However, recognition of the 

limitations of individual level approaches to HIV prevention (such as to what extent condom 

use is solely related to self efficacy without consideration of gendered power dynamics) has 

led to a growth in structural models for HIV risk [2]. Multilevel theoretical models draw on 

the strengths of both individual level focused models and structural models, but in 

delineating the links between these levels have great potential power for theory driven 

approaches to combination prevention [3]. For example, the Network Individual Resource 

Model (NIRM) for HIV Prevention posits that membership of distinct social networks can 

attenuate or enhance individual level factors driving HIV risk [4]. For example, intense 

stigma and discrimination frequently marginalises female sex workers (FSW) from wider 

society such that FSW occupy distinct social networks from non sex workers (NSW). 

Therefore, various factors relating these distinct social networks may mean that FSWs’ use of 

healthcare services may be dissimilar to that of NSW. These factors comprise individual 

level preferences and behaviours as well as relations with peers, relatives and the community 

and the legal and socio cultural context. Drawing on a rich literature of multi level theoretical 

approaches to behaviour change and HIV transmission prevention [3–5], we describe a new 

framework (Figure S1) to explain how intermediate factors at different levels may be 
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associated with HIV service uptake in testable relations in a Zimbabwean context, a subset of 

which are explored in this paper (Figure 1). 
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Structural factors include social, cultural, economic, legal and political contexts which shape 

and frame behaviours, actions and norms of communities and agents [2]. In meta analyses 

evaluating barriers to retention and linkage to care, distance from testing facilities and costs 

of transport have been identified as the most important obstacles [6], yet to what extent this is 

true in FSW as well as NSW is unclear. Since FSW tend to most commonly live in more 

urban areas than NSW where facilities are most concentrated [6], we might expect distances 

and costs of transport to be different between FSW and NSW. However, travel also incurs an 

opportunity cost for FSW who experience loss of earnings during the time taken to travel [7] 

so this may attenuate their uptake relative to NSW. In addition, FSW often migrate both 

internally and across national borders [8,9], often away from families even including 

children. Mobility and migration affect uptake of services in complex ways that are 

dependent on a variety of contextual factors (e.g. relative availability of services in source 

and sink destinations, whether migration is internal, circular or international). Migration from 

high to low prevalence settings is associated with lower HIV risk [10] but migrants are more 

likely to be unaware of local services which can reduce access. In addition, circular migration 

can interrupt treatment or cause delays in treatment [11]. 

 

Fear of social rejection and discrimination from positive HIV diagnosis often deters 

individuals from seeking testing [7,12,13]. For FSW, this fear may be more intense because 

of higher rates of HIV among FSW than NSW (see individual factors below) and because 

they already  

experience intense stigma and discrimination as a result of selling sex. Laws criminalising 

sex work mean that sex workers are often subject to arrest and violence perpetrated by police 

[2,14,15]. Such laws often intersect with gendered attitudes towards acceptable behaviour for 
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women, often compounding long lived taboos around female promiscuity [16,17]. Such 

stigma frequently results in harassment [16] and can cause unnecessary delays to treatment 

from healthcare workers [18] or deter FSW from accessing care altogether [19].  
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��������	��������	������
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Evidence for social factors influencing uptake is based on trials of various interventions to 

encourage treatment initiation and adherence. In the wider community, mobilisation, group 

membership and empowerment (either informal or formal) have been successful in 

encouraging HIV testing and treatment through enhancing social capital (networks of inter 

group relationships that are socially enhancing) and self efficacy [20,21]. Similar approaches 

have been targeted towards mobilising sex worker communities (e.g. by uniting sex workers 

in a common cause for health improvement, creating spaces for debate of new health 

information and tackling powerful actors that actively disenfranchise sex workers through 

violence, stigma or discrimination [22] have demonstrated substantial effectiveness in 

reducing HIV infection and other STIs and increasing condom use [23]. An important 

component of community mobilisation is the development and strengthening of social capital 

and facilitating “transformative social spaces”. One approach to this is encouraging 

participation in community groups. Such groups can have powerful positive impacts on risk 

behaviours and healthcare seeking, by providing a critical dialogue of harmful social norms, 

providing emotional and material support and by forming positive action plans and solidarity 

to mobilise them [21]. Conversely, they can also entrench negative norms and facilitate 

dissemination of false information. It is unclear how community membership may have 

differential impact on FSW and NSW in enhancing/attenuating service uptake. 
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A complex interplay of biological and behavioural factors drive differences in HIV risk in 

FSW compared to NSW which in turn will influence their respective need for and exposure 

to HIV services. Unsurprisingly, awareness and knowledge of HIV services have been 

identified as a critical component to encouraging service uptake. Batona et al found FSW 

who had previously undergone HIV counselling and testing (HTC) were more likely to 

become engaged with services a second time and displayed less resistance to testing and 

initiation in the treatment cascade [24]. A synergistic and reciprocal relationship exists 

between STIs (such  as HSV 2 and bacterial vaginosis) and HIV such that acquisition of one 

can facilitate acquisition and transmission of the other [25–27]. Unprotected sex with 

multiple sexual partners puts FSWs at greater risk than NSW of symptomatic STIs and HIV. 

Consequently, FSW may be more likely to access services than NSW to resolve these health 

concerns, not least because ill health may cause loss of earnings. Relatedly, greater perceived 

risk among FSWs may drive higher rates of health service uptake [1,8].   

 

For many women worldwide, initial exposure to HIV testing is via antenatal care services 

(ANC). We might expect lower exposure to HIV testing through ANC for FSW for a couple 

of reasons. First, since FSW have higher prevalence of HIV than NSW and HIV reduces 

fertility [12] , we might expect incidence of pregnancy among FSW to be lower. Second, 

pregnancy represents an opportunity cost for FSW (loss of earnings) and so they may be 

more likely to take steps to avoid it (e.g. hormonal contraception). 

 

Differences in wealth of FSW compared to NSW may mean they have different capacities to 

pay for healthcare related costs [28]; conversely by not living with children (either because 

they have no children or have travelled to work), FSW may have lower childcare related 
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expenditures than NSW which may mean greater disposable income for healthcare related 

expenditures [29]. 

 

High rates of mental health disorders in FSW occurs because of discrimination and social 

rejection, abusive acts of violence and economic pressures to support dependents [5]. Data 

from Zimbabwe suggest FSW have higher levels of mental ill health than NSW and that 

mental ill health is linked to poorer adherence to ART [30]. In addition to the fear of HIV 

positive diagnosis, disclosure as HIV positive connotes additional negative consequences for 

FSW, it being undesirable for potential clients and potentially resulting in a loss of earnings. 

 

In frameworks for HIV risk, interpersonal factors include frequency and type of sexual 

relationships and the negotiation of condom use therein [2,5]. Intimate male partners can 

effectively control their female spouse’s access to HIV treatment, causing substantial 

treatment delays [6,13] intimate partner violence has been linked to lower ART use and viral 

load suppression [31] and for FSW having an intimate partnership can present a significant 

obstacle to achieving viral suppression [32]. If NSW are more likely to have an intimate male 

partners than FSW, we might therefore expect uptake among NSW to be more affected by the 

influence of partners.  

 

The impact of interpersonal factors on health service uptake need not relate solely to sexual 

relationships but may also be driven through social relationships. In HIV prevention, use of 

peers has had important beneficial impact in enhancing knowledge of HIV risks, encouraging 

condom use and reducing HIV/STI infections [33,34]. Use of peers to encourage uptake of 

HIV care is less well studied. In India, a requirement to take a “buddy” or family member 

before treatment was issued prevented FSW and MSM from accessing services [7] and peer 
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led interventions may be limited if the social environment is not health enabling [35]. 

Nevertheless, peers have been used with some success in preventing mother to child 

transmission of HIV [36] and near peers (health workers with shared cultural background 

with clients) have been used in the US to significantly increase viral load suppression by 

helping patients navigate non integrated HIV care systems [37]. We hypothesis peer use of 

HIV care as a potential factor to encourage service access.  

 

*�� ����	���������+��������	�
��

Mental health was assessed using the Shona Symptom Questionnaire (SSQ), a 14 item 

questionnaire of ‘yes or ‘no’ questions, developed and validated in Zimbabwe in 1997 with 

the aid of mental healthcare providers [38]. The SSQ quantifies psychological distress as a 

function of somatic and psychological experiences over the week prior to interview. Using 

validated cut points indicating levels of psychological distress [38], a dichotomous variable 

(0/1) was created with individuals with an SSQ score ≥7 (coded 1) as currently experiencing 

psychological distress [30]. 
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Sex Work NSW 379 (75.1%) 1       1       1   1   

FSW 75 (82.4%) 1.51 0.85 2.70     1.83 1.00 3.37     1.02 0.51,2.05 1.14 0.56,2.35 

����� �����
	����� �

Age group 

19 29 96 (75.%) 1                       

30 39 178 (76.1%) 1.06 0.64 1.75                     

40 49 126 (79.8%) 1.31 0.75 2.29                     

50 58 54 (71.1%) 0.82 0.43 1.55                     

Marital status 

Never married 139 (80.8%) 0.52 0.18 1.52                     

Married 9 (60.%) 1                       

Divorced or 
separated 237 (75.2%) 0.90 0.53 1.54 

                    

Widowed 69 (73.4%) 1.45 0.89 2.38                     

Religion 

Christian 238 (78.%) 1   1   1           1   

Spiritual 156 (76.9%) 0.93 0.60 1.42 1.00 0.65 1.55 1.02 0.66 1.58         1.09 0.64,1.85 

Other 48 (70.6%) 0.69 0.38 1.24 0.77 0.42 1.42 0.76 0.41 1.39         0.79 0.38,1.63 

None 12 (60.%) 0.42 0.16 1.08 0.50 0.19 1.33 0.41 0.15 1.12         0.33+ 0.10,1.07 

Socio economic status 

Page 41 of 51

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

9 

 

 

First (poorest) 
tercile 284 (74.9%) 1   

                    

Second tercile 114 (79.7%) 1.31 0.82 2.10                     

Third tercile 48 (76.2%) 1.08 0.58 2.02                     

Residential area 
              

Town 143 (73.7%) 1   1   1           1   

Agricultural 

estate 125 (74.4%) 1.02 0.64 1.64 1.02 0.63 1.65 1.06 0.65 1.73 
        

1.53 0.84,2.79 

Roadside 

settlement 79 (76.7%) 1.61 0.93 2.79 1.46 0.83 2.54 1.52 0.87 2.67 
        

2.25* 1.14,4.42 

Subsistence 

farming village 107 (81.7%) 1.20 0.69 2.10 1.09 0.61 1.93 1.13 0.64 2.01 
        

1.47 0.70,3.10 

Education 

Primary or none 178 (71.2%) 1   1   1           1   

Secondary or 

higher 276 (79.8%) 1.75 1.14 2.71 1.63 1.04 2.53 1.66 1.06 2.58 
        

1.47 0.85,2.55 

Children alive 

None 102 (75.%) 1                       

1 140 (77.4%) 1.15 0.68 1.96                     

2 106 (73.6%) 0.91 0.53 1.57                     

3 60 (75.%) 0.95 0.50 1.82                     

4+ 46 (83.6%) 1.65 0.73 3.73                     

����
����	���3���
���	����

Knowledge about HIV risks 

Good  395 (76.9%) 1.28 0.75,2.18                     

Poor  59 (72.%) 1                       

Risk perception for HIV infection 

Own high risk 
behaviour 55 (87.3%) 4.53*** 2.06,9.93 

        
2.49* 1.06,5.84 2.47* 1.01,6.02 3.13* 1.22,8.08 

Partner(s)' high 

risk behaviour 136 (97.1%) 22.46*** 

8.05,62.6

8 
        

16.57*** 

5.28,51.9

3 16.58*** 

5.29,51.9

8 18.51*** 

5.77,59.3

5 

Other reasons 66 (88.%) 4.78*** 

2.29,10.0

1 
        

3.22** 1.47,7.07 3.22** 1.46,7.07 3.57** 1.59,7.99 
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None 197 (62.%) 1           1   1   1   

Knowing PLHIV / died from HIV 
              

0 53 (58.9%) 1           1   1   1   

1   2  85 (75.9%) 2.23** 1.21,4.09         1.70 0.82,3.52 1.7 0.82,3.52 1.78 0.84,3.75 

3   4  74 (79.6%) 2.69** 1.39,5.22         1.79 0.82,3.88 1.79 0.82,3.88 1.73 0.79,3.82 

 
5   6 85 (81.7%) 3.15*** 1.63,6.08         2.01+ 0.93,4.34 2.01+ 0.93,4.34 2.17+ 0.98,4.80 

7 157 (79.7%) 2.72*** 1.56,4.73         1.18 0.60,2.33 1.18 0.60,2.33 1.18 0.59,2.37 

STD symptoms in last 12 months 

Yes 86 (84.3%) 1.80* 1.02,3.20         0.63 0.31,1.25 0.63 0.31,1.26 0.67 0.33,1.36 

No 368 (74.5%) 1           1   1   1   

Sickness in last 12 months 
              HIV related 

illness 95 (96.9%) 0.06*** 0.02,0.21 
        

0.14** 0.04,0.49 0.14** 0.04,0.49 0.12** 0.03,0.45 

Other illness 165 (67.6%) 0.10*** 0.03,0.33         0.22* 0.06,0.78 0.22* 0.06,0.79 0.20* 0.06,0.74 

None 193 (76.6%) 1           1   1   1   

Psychological distress 

Yes 366 (75.5%) 1.23 0.74,2.05                     

No 88 (79.3%) 1                       

Pregnancies in last 3 years 

One or more 335 (75.5%) 1.29 0.78,2.13                     

None 119 (78.3%) 1                       

Travel time to HIV testing facility 

<30 mins 106 (83.5%) 1 1.00,1.00         1   1   1   

30   59 mins 113 (76.4%) 0.64 0.35,1.16         0.58 0.29,1.12 0.58 0.29,1.13 0.50+ 0.25,1.01 

60   89 mins  91 (74.%) 0.57 0.30,1.05         0.53+ 0.26,1.06 0.53+ 0.26,1.06 0.39* 0.18,0.84 

90 mins  142 (82.1%) 0.9 0.49,1.66         0.81 0.41,1.61 0.82 0.41,1.62 0.65 0.31,1.33 

Uncertain 2 (8.%) 0.02*** 0.00,0.08         0.03*** 0.01,0.13 0.03*** 0.01,0.13 0.02*** 0.00,0.10 

Knowledge of ART 

Yes 345 (83.5%) 3.47*** 2.33,5.16         1.21 0.74,1.98 1.21 0.74,1.98 1.07 0.63,1.82 
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No 108 (59.7%) 1           1   1   1   

Stigma and discrimination (in the 

community) 

Yes 90 (79.7%) 1.27 0.77,2.11                     

 
No 363 (75.3%) 1                       
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Abstract 35 

Objective: Globally, HIV disproportionately affects female sex workers (FSW) yet HIV 36 

treatment coverage is suboptimal. To improve uptake of HIV services by FSW, it is 37 

important to identify potential inequalities in access and utilisation of care and their 38 

determinants.  Our aim is to investigate HIV treatment cascades for FSW and non-sex-39 

workers (NSW) in Manicaland province, Zimbabwe, and to examine the socio-40 

demographic characteristics and intermediate determinants that might explain differences 41 

in service uptake.  42 

 43 

Methods: Data from a household survey conducted in 2009-2011 and a parallel snowball 44 

sample survey of FSW were matched using probability methods to reduce under-reporting 45 

of FSWs. HIV treatment cascades were constructed and compared for FSW (n=174) and 46 

NSW (n=2,555). Determinants of service uptake were identified a priori in a theoretical 47 

framework and tested using logistic regression. 48 

 49 

Results: HIV prevalence was higher in FSW than in NSW (52.6% versus 19.8%; age-50 

adjusted odds ratio [AOR] 4.0; 95% CI 2.9-5.5). In HIV-positive women, FSW were more 51 

likely to have been diagnosed (58.2% versus 42.6%; AOR=1.62; 1.02-2.59) and HIV 52 

diagnosed FSW were more likely to initiate ART (84.9% versus 64.0%; AOR=2.33; 1.03-53 

5.28). No difference was found for ART adherence (91.1% versus 90.5%; p=0.9). FSW’s 54 

greater uptake of HIV treatment services became non-significant after adjusting for 55 

intermediate factors including HIV knowledge and risk perception, travel time to services, 56 

physical and mental health, and recent pregnancy. 57 

 58 

Conclusion:  FSW are more likely to take up testing and treatment services and were 59 

closer to achieving optimal outcomes along the cascade compared to NSW. However, 60 

ART coverage was low in all women at the time of the survey. FSW’s need for, 61 

knowledge of, and proximity to HIV testing and treatment facilities appears to increase 62 

uptake. 63 

 64 

  65 
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3 

 

Strengths and Limitations of this Study 66 

 67 

1. We provide novel insight into differential uptake of HIV treatment services for 68 

FSW and NSW in Manicaland province, Zimbabwe, and the personal, social and 69 

structural factors associated with these inequalities.  70 

2. We use data taken from a Manicaland household survey and a parallel snowball 71 

sample survey of FSW, thus drawing on the strengths of population surveys and 72 

targeted approaches for hard-to-reach populations. 73 

3. Our study is unique in that it compares uptake of HIV testing and ART in 74 

representative samples of FSW and NSW from the same population - we are 75 

unaware of previous studies which have done this. 76 

4. A limitation of our study is that our data was gathered between 2009-2011. 77 

 78 

 79 

  80 
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Introduction 81 

Achieving high antiretroviral treatment (ART) uptake for PLHIV is key to ending the HIV 82 

epidemic worldwide (1–3). Though UNAIDS has set ambitious “90-90-90” targets for the 83 

HIV care cascade (i.e. HIV diagnosis, ART initiation and ART adherence – as a proxy for 84 

viral load suppression) (4), these are national-level targets, and it is necessary to consider 85 

how they can be implemented for key populations such as female sex workers (FSW) – 86 

women who engage in commercial sex work or who exchange sex for goods or 87 

services(5). HIV prevalence among FSW in sub-Saharan Africa is estimated to be 10–20 88 

times higher than in women in the general population (6). Adequate access to HIV 89 

treatment for FSW has the potential to improve the survival and health of FSW, to reduce 90 

the risk of transmission to their partners, and to potentially alter population-level HIV 91 

incidence(7). Therefore reaching and exceeding UNAIDS targets amongst FSW should be 92 

a primary objective for all national HIV control programmes (8). 93 

 94 

Such large disparities in health between FSW and non-sex worker (NSW) women support 95 

the need for specialist sex worker services, yet treatment coverage for FSW remains poorly 96 

characterised (9)(10). It is also unclear whether inequalities for service access exist and at 97 

what stage of the HIV treatment cascade to focus more effort in driving uptake. Whilst 98 

stigma, marginalization, and abuse of human rights have all been highlighted as significant 99 

barriers that can prevent FSW from accessing HIV testing and treatment services (11), 100 

relatively few studies exist on HIV treatment cascades amongst representative samples of 101 

FSW. These include a study by Cowan and colleagues (2013) in three urban sites in 102 

Zimbabwe (Victoria Falls, Hwange and Mutare) where 50-70% were seropositive, of 103 

whom only 50% had been diagnosed. Of those diagnosed, 50-70% had been initiated onto 104 
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treatment, but due to the low rate of diagnosis, only 25-35% of all seropositive FSW in the 105 

study had received ART (12). Still, very little is known about FSW in more rural settings, 106 

or about how FSW’s use of HIV services compares with that of non-sex-workers (NSW) 107 

living in the same areas. A further unknown is the extent to which differences in heath 108 

service uptake between FSW and NSW reflect largely psychosocial factors resulting from 109 

involvement in sex work (e.g. personal risk perception) as distinct from background socio-110 

demographic factors associated with being involved in sex work in the first place (e.g. 111 

marriage breakdown). 112 

 113 

This study has the following aims: 1) to construct and compare HIV treatment cascades for 114 

FSW and NSW in a common, rural population; 2) to identify the background socio-115 

demographic characteristics associated with involvement in commercial sex work in this 116 

population; and 3) to identify the intermediate factors that might explain differences in 117 

health service uptake (testing and treatment) between FSW and NSW. To achieve these 118 

aims, we develop a new theoretical framework and test hypothesised determinants based 119 

on this framework using a unique data set which combines data from a general population 120 

household survey in four locations in Manicaland province, east Zimbabwe, with data 121 

from a parallel study of local FSW conducted in the same locations using snowball 122 

sampling. 123 

  124 

  125 
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Methods 126 

Theoretical framework 127 

Influenced by Boerma and Weir’s proximate determinants model of HIV infection and 128 

mortality (13,14) and structural determinants frameworks of HIV among sex workers (15), 129 

we developed a theoretical framework to explain the roles that involvement in sex work 130 

and its consequences can play in mediating associations between underlying socio-131 

demographic characteristics and use of HIV testing and treatment services (Figure 1 and 132 

Supplementary Figure 1). It is hypothesized that, within any given socio-cultural context, 133 

underlying socio-demographic characteristics contribute to whether or not a woman 134 

engages in sex work which may, in turn, alter her pattern of use of HIV services. In the 135 

framework, sex work is hypothesized to influence use of HIV services primarily through 136 

its effects on intermediate determinants that exist in four domains: personal, interpersonal, 137 

social and structural.  138 

 139 

Figure 1: Theoretical framework 140 

 141 

Data 142 

Data for this study were taken from the Manicaland HIV/STD Prevention Project 143 

(Manicaland study) (16) and the Manicaland Women at Risk Study (WR study) (17). The 144 

Manicaland study is an open-cohort general-population survey which examines the 145 

dynamics of HIV transmission and its impact in 12 sites in Manicaland province in eastern 146 

Zimbabwe (http://www.manicalandhivproject.org/). These sites represent four of the main 147 

socio-economic strata in Manicaland: small towns, agricultural estates, roadside trading 148 

centres, and subsistence farming villages. Topics covered in individual interviews included 149 
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socio-economic characteristics, sexual behaviour, psychosocial characteristics, and use of 150 

HIV testing and treatment services. Participants were also requested to provide a dried 151 

blood sample (DBS) for HIV sero-testing. The data used in this analysis were taken from 152 

the 5
th

 round of the Manicaland survey (October 2009 - July 2011) and were restricted to 153 

the four sites (one in each socio-economic stratum) also covered by the WR study. 154 

 155 

The data from the Manicaland study were linked with data from the WR study, a parallel 156 

targeted cohort study conducted to identify women at heightened risk of HIV infection 157 

through exchange of sex (including sex work), to enhance detection of FSW and to permit 158 

comparison of HIV treatment cascades between FSW and NSW within a common wider 159 

population. The WR study is a research project, conducted in four of the same sites 160 

covered in the Manicaland study, which aimed to explore the sexual behaviours of women 161 

at heightened risk of HIV infection (http://www.manicalandhivproject.org/women-at-162 

risk.html). Data for the WR study were collected between March 2010 and July 2011 using 163 

a combination of PLACE (Priorities for Local AIDS Control Effort, a form of location 164 

based sampling) (18) and snowball sampling (19) methods. Data collection procedures 165 

have been described in detail elsewhere (20) but are summarised here. PLACE involves 166 

sampling locations of known sex work activity. An inventory of locations was created 167 

based on discussions with community members. Since only a small number of venues 168 

were identified, all venues were sampled. To capture exchange sex outside of specific 169 

venues, the population was sampled using a modified respondent-driven sampling 170 

approach (21). Seeds were selected to represent the diversity of those involved in exchange 171 

sex. These seeds then recruited up to three peers that met broad eligibility criteria (women 172 

aged 18+ who had ever exchanged sex for money, goods, or favours) and were 173 

compensated with one bar of laundry soap per respondent referred and invited to 174 

Page 7 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

8 

 

8 

 

interview. We mitigated duplication and impersonation by cross-referencing names of 175 

nominated individuals with the names of women appearing to interview and by close 176 

monitoring by key informants (women with personal experience of sex work or who 177 

worked closely with women selling sex in the communities as health and support workers). 178 

 179 

The FSW who participated in both the Manicaland and WR study were requested to 180 

provide permission to link their data across both projects. Data for consenting participants 181 

were linked via probabilistic matching based on participant name, date of birth, and village 182 

name.  Prior ethical approval for the Manicaland study (with the WR study included as a 183 

sub-study) was obtained from the Medical Research Council of Zimbabwe (MRCZ/A/681) 184 

and the Imperial College Research Ethics Committee (ICREC_9_3_13). 185 

 186 

Study variables 187 

Female sex worker: The Manicaland and WR studies contained identical indicators of sex 188 

work. Informed by prior qualitative work within study communities (22), and in line with 189 

UNAIDS definitions (23), participants in the Manicaland study were considered to be 190 

FSW if they: a) self-identified as a sex worker or prostitute; b) had ever gone to bars/beer 191 

halls to meet clients; or c) had exchanged sex for money/goods, in at least one of the two 192 

studies 193 

 194 

Non-sex-workers: NSWs in the study were taken to be all women interviewed in the 195 

Manicaland study who reported having ever had sex and who did not meet the definition of 196 

a FSW given above based on their self-reports in the Manicaland study and/or in the WR 197 

study.   198 

 199 
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FSW and NSW as defined above were included in the current analysis if they were aged 200 

15-58 years (the age-range covered by the WR study) and were resident in one of the 4 201 

Manicaland study areas also covered by the WR study.  202 

 203 

 204 

HIV treatment cascade: HIV diagnosis was defined as the percentage of all HIV-positive 205 

participants (based on HIV tests done in the Manicaland study) who reported ever having 206 

been tested and having collected their results and received a positive result at their most 207 

recent HIV test. ART initiation was defined as the percentage of HIV-positive participants 208 

who knew their status (denominator) and also reported taking drugs “that stop HIV from 209 

causing AIDS” (numerator). ART adherence was used as a further indicator of HIV 210 

service use and as a proxy for viral load suppression. HIV-positive participants who 211 

reported ever having started ART were included in the denominator; those who reported 212 

never having stopped or forgotten to take their medication and who reported taking ARVs 213 

regularly were included in the numerator.  214 

 215 

Health service uptake: Two measures of health service engagement were considered as 216 

dependent variables in our regression analyses: 1) uptake of HIV testing; and 2) uptake of 217 

ART. Uptake of HIV testing was defined as ever having had an HIV test and collected the 218 

result. Uptake of treatment was measured in seropositive participants and based on reports 219 

of having taking drugs “that stop HIV from causing AIDS”.  220 

 221 

Socio-demographic characteristics: Age (24), marital status [35], socio-economic status, 222 

religion (24)(25), area of residence (24) (26), education level [15], and number of living 223 

children were considered as potential underlying determinants of involvement in sex work 224 
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and use of HIV services (Figure 1, see also more detailed explanation in Supplementary 225 

Material). For socio-economic status (SES), we used a continuous combined measure of 226 

sellable and non-sellable assets (27), divided into terciles (1=poorest → 3=richest). For 227 

religious denomination, we used Manzou’s four category grouping of Manicaland 228 

churches (25).  229 

 230 

Intermediate determinants of HIV service uptake: Personal factors potentially mediating 231 

HIV service uptake in the theoretical framework included: recent ill-health (self-reported 232 

experience of recent ill-health and whether or not this was believed to be HIV-related), 233 

self-reported symptoms of STDs, self-reported recent pregnancies (that could translate to 234 

HIV testing through uptake of PMTCT services), HIV knowledge (number of correct 235 

responses to four questions: 0-2 correct answers=poor knowledge, 3-4 correct 236 

answers=good knowledge), HIV risk perception (whether participants perceived they had 237 

ever been at risk of becoming infected with HIV, and if so, was it through their own risky 238 

behaviour, their partner’s risky behaviour or for other reasons), awareness of treatment for 239 

HIV, and an objective mental health assessment using a locally-validated questionnaire 240 

(Shona Symptom Questionnaire, SSQ) (28) (29). Interpersonal factors included HIV 241 

salience (number of people known by the participant who are living with HIV or who had 242 

died from AIDS) and awareness of other people using ART (individuals who were 243 

unaware of ART were combined with those unaware of anyone using ART because of 244 

small numbers). Potential social and structural influences included accessibility of HTC 245 

(or ART) services; participant’s awareness of a health facility offering HTC (or ART), and 246 

the estimated the travel time to the nearest health facility. Stigma was measured using two 247 

dichotomous variables: whether the participant was ever deterred from getting a test due to 248 
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stigma or discrimination, and whether the participant felt that PLHIV faced stigma and 249 

discrimination within the community.  250 

 251 

Travel time and stigma relating to HTC and awareness of ART were used only in the 252 

analysis of uptake of testing (i.e. not for ART uptake). Travel time to ART services was 253 

used only in the analysis of ART uptake (i.e. not for HIV testing).  254 

 255 

Statistical analyses 256 

The analysis consisted of several stages. First, HIV prevalence and HIV treatment cascade 257 

outcomes were calculated and compared between FSW and NSW. Second, bivariate (age-258 

adjusted) regression models were used to explore associations between socio-demographic 259 

characteristics and involvement in sex work, and associations between sex work and 260 

intermediate determinants of uptake hypothesised in the theoretical framework. Third, age-261 

adjusted bivariate examination of associations between both socio-demographic 262 

characteristics and intermediate determinants and HIV testing and treatment was 263 

conducted to detect significant associations at p<0.1. Fourth, age-adjusted multivariable 264 

regression models were used to compare uptake of health services in FSW versus NSW – 265 

before and after inclusion of socio-demographic factors and intermediate determinants of 266 

uptake (significant at p<0.1). All analyses were done using Stata 14.  267 
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Results 268 

Identification of FSW 269 

174 participants were identified as FSW in at least one of the two studies; 132 were 270 

included from the WR study (111 were identified based on their responses to the WR study 271 

questionnaire alone and 31 also self-identified as sex workers in the Manicaland 272 

questionnaire), and 32 were identified based on their answers to the Manicaland study 273 

questionnaire alone.  274 

 275 

A total of 3402 women aged 15-59 years participated in the Manicaland study in round 276 

five in the four sites also covered by the WR study and were not identified as FSWs in 277 

either study. These participants were all treated as being NSWs; however, 135 were 278 

excluded from the study as they were outside the age-range of the FSW in the study (19-58 279 

years), and a further 538 were excluded because they had not started sex. This produced a 280 

total sample of 2729 (FSW=174, 6.4%; NSW=2555, 93.6%). 281 

 282 

HIV prevalence 283 

HIV prevalence was significantly higher in FSW (52.6%, 95%CI 45.1%-60.0%; 284 

n/N=91/173) compared to NSW (19.8%, 18.3%-21.4%; 502/2535) (age-adjusted odds 285 

ratio [AOR] 4.0; 2.9-5.5). Study HIV laboratory test results were inconclusive for 1 FSW 286 

and 2 NSWs. 287 

 288 

HIV treatment cascades in FSW and NSW 289 

In HIV-positive women, diagnosis (i.e. women who were aware of their HIV-positive 290 

status) was higher in FSW (58.2%, 95%CI 47.7%-68.1%; 53/91) than in NSW (42.6%, 291 
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38.3%-47.9%; 214/502) (AOR, 1.62; 1.02-2.59; p=0.042. In HIV-negative women, there 292 

was no significant difference between FSW and NSW in uptake of HIV testing (81.7% in 293 

FSW; 75.3% in NSW; AOR, 1.40; 0.78-2.51; p=0.259). 294 

 295 

In women diagnosed with HIV infection, initiation onto ART was higher in FSW (84.9%, 296 

72.1%-92.4%; 45/53) than in NSW (64.2%, 57.5%-70.4%; 138/214) (AOR, 2.33; 1.03-297 

5.28; p=0.043). No significant difference was found between FSW (91.1%, 77.9%-96.7%; 298 

41/45) and NSW (90.5%, 84.2%-94.4%; 124/137) in self-reported adherence to ART 299 

(AOR, 1.08; 0.33-3.52; p=0.901). Overall, 49.4% (45/91) of all HIV-positive FSW 300 

reported being on and adhering to ART compared to 27.5% (139/505) of infected NSW (as 301 

shown in Figure 2a & 2b) 302 

 303 

Figure 2a & 2b: Comparisons of HIV treatment cascades for FSW versus NSW 304 

 305 

Socio-demographic characteristics and intermediate determinants of HIV service use 306 

associated with sex work 307 

Table 1 shows the age-adjusted bivariate associations between sociodemographic factors 308 

and sex work, and between sex work and intermediate determinants - i.e. the first two 309 

pathways in the theoretical framework (Figure 1). Sex work was most common in women 310 

aged 30-49; single, divorced and widowed women; women with no religious affiliation; 311 

women in the two poorest terciles; women living in small towns; and women with no 312 

living children. For the intermediate determinants, sex work was associated with greater 313 

risk perception for HIV infection (particularly through personal risky behaviours); 314 

knowing at least three people with HIV; experiencing recent HIV-related illness and STD 315 

symptoms; poor mental health; no pregnancies in the past three years; short travel times to 316 
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HTC and ART facilities; having heard of ART; and reporting that HIV stigma and 317 

discrimination exist in the community. We also found a non-significant difference between 318 

FSW and NSW for knowledge of HIV risks. 319 

 320 

Table 1: Associations between FSW and socio-demographic and intermediate 321 

determinants of uptake of HIV services 322 

 323 

Socio-demographic characteristics and intermediate determinants of HIV testing 324 

In HIV-positive and HIV-negative women combined, FSW were more likely than NSW to 325 

have ever been tested for HIV (FSW: 81.6%, NSW: 75.3%; AOR 1.50; 95%CI 1.00-2.24). 326 

Table 2 shows the bivariate and multivariable associations of socio-demographic factors 327 

and intermediate determinants on testing. In bivariate analysis, sex work was associated 328 

with ever having been tested, as are all socio-demographic factors included in this analysis. 329 

All intermediate determinants with the exception of psychological distress and stigma 330 

(after testing and in the community) are associated with testing at p<0.1. In multivariable 331 

analysis, the association between sex work and testing is strengthened after adjusting for 332 

socio-demographic factors, with sex work being associated with 75% increased odds of 333 

testing (AOR 1.75, 1.14-1.69). However, this association between sex work and testing 334 

disappears after also accounting for intermediate determinants (AOR 1.11, 0.69-1.81).  335 

 336 

When the analysis was restricted to HIV-positive women (Table S1), the association 337 

between FSW and diagnosis approached statistical significance after adjusting for socio-338 

demographic factors (AOR 1.83, 1.00-3.37; p=0.052). 339 

 340 

 341 

Page 14 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on F
ebruary 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018751 on 28 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

15 

 

15 

 

 342 

Table 2: Factors contributing to the difference in uptake of HIV testing 343 

between FSW and NSW 344 

 345 

Socio-demographic characteristics and intermediate determinants of HIV treatment 346 

Table 3 shows the bivariate and multivariable associations between socio-demographic 347 

factors and intermediate determinants and ART initiation. In bivariate analysis, sex work is 348 

associated with 164% increased odds of ART initiation (AOR 2.64, 1.16-6.00). Older age, 349 

more urban site types, having no living children, knowing people who have / had HIV, not 350 

having psychological distress, and shorter travel times to ART were also associated with 351 

treatment initiation at p<0.1. In multivariable analysis, FSW still tended to have higher 352 

odds of ART initiation than NSW, but this association was no longer statistically 353 

significant when socio-demographic factors were accounted for (AOR 2.28, 0.97-5.39). 354 

 355 

Table 3: Factors contributing to the difference in uptake of ART 356 

 between FSW and NSW 357 

 358 

  359 
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Discussion 360 

FSW had higher uptake of HIV testing and ART services than other sexually-experienced 361 

women in our study areas in east Zimbabwe. For HIV testing, this advantage strengthened 362 

after accounting for differences in background socio-demographic characteristics but 363 

disappeared after further adjustment for intermediate determinants, confirming a process of 364 

mediation hypothesised in the theoretical framework. FSW’s greater knowledge about HIV 365 

and greater personal perceived risk of being HIV-positive, their better knowledge of and 366 

proximity to testing services, and their greater likelihood of perceiving HIV-related 367 

symptoms (i.e. the intermediate determinants outlined in our framework) may have 368 

contributed to their higher levels of HIV testing. Greater ART uptake in FSW compared to 369 

NSW was explained not by intermediate factors relating to sex work status but by their 370 

older ages (i.e. fewer aged 19-29 years) and lower numbers of living children. The reason 371 

for the link with small numbers of living children is not clear but, in Shona culture (30), 372 

subfertility/infertility can lead to divorce which, in turn, is associated with greater 373 

likelihood of involvement in sex work. Widowhood at young ages may be associated with 374 

early HIV infection, reduced fertility, high early child mortality and involvement in sex 375 

work. Also, low fertility and early child mortality can be markers for more advanced HIV 376 

infection (31); thereby increasing the likelihood of meeting the eligibility criteria for ART 377 

that pertained at the time of the study (CD4<350 or World Health Organisation phases III 378 

or IV in 2009-2011). ART adherence was similar in FSW and NSW. 379 

 380 

HIV prevalence in FSW in east Zimbabwe (52.6%) was comparable with prevalence in 381 

FSW in other southern African countries (range: 59.6-70.7%) (6). The proportion of 382 

infected FSW who had been diagnosed (58.2%) was slightly higher than estimates for 383 
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FSW in urban Zimbabwean locations (50% in 2013) (12); whilst the proportion of those 384 

diagnosed who had been started on treatment (87% versus 0-73%) and the proportion of 385 

those on treatment who reported adhering to ART (91% versus 67-100% (10) (32) (33)) 386 

were also high. We are unaware of any previous studies that have compared uptake of HIV 387 

testing and ART in representative samples of FSW and NSW from the same population. 388 

However, similar levels of ART adherence have been found in Mozambique and Benin 389 

(34) (35). 390 

 391 

The results suggest that several of the structural, interpersonal and personal factors 392 

outlined in our framework may contribute to differences in uptake of HIV testing and ART 393 

services between and amongst FSW and NSW. As noted previously by Paulin and 394 

colleagues in a rural setting in Mozambique (36), knowledge of HTC services can affect 395 

it’s uptake amongst women (42%). In Manicaland, FSW had better knowledge of ART 396 

and, because they lived largely in towns, were structurally advantaged over NSW, who 397 

more often lived in areas more remote from testing and treatment facilities. In terms of 398 

uptake of HIV care, these factors appear to have offset the disadvantages that FSW face 399 

from poorer mental health and greater stigma and discrimination. Poor mental health, in 400 

the form of greater psychological distress, is associated with lower ART uptake in east 401 

Zimbabwe (29). As in many previous studies (37), we found that psychological distress 402 

was more common in sex workers but we did not find this was important factor mediating 403 

uptake. FSW in this study also reported higher levels of stigma linked to HIV than NSW; 404 

however, unlike studies elsewhere in Zimbabwe (38), we did not find stigma to be a 405 

significant deterrent to accessing healthcare. One reason may be that our study 406 

questionnaire did not include a measure of stigma specifically related to sex work. FSW 407 

were more likely to report HIV illness and be HIV positive, but perception of HIV-related 408 
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symptoms, not HIV serostatus, was associated with HIV testing. This suggests women in 409 

Manicaland, and particularly FSW, are likely to be diagnosed and prescribed treatment 410 

late, which can mean reduced survival (39) and greater HIV-related comorbidities. It could 411 

be that HIV positive NSW may have more pregnancies and therefore often get diagnosed 412 

early when still healthy, HIV positive FSW have fewer pregnancies and therefore often 413 

only get diagnosed late after becoming sick 414 

 415 

This study utilises a unique data source that draws from the combined strengths of 416 

population surveys and chain-referral methods and allowed us to analyse a representative 417 

sample with reduced under-reporting of locally-resident FSW, and provided a rare 418 

opportunity to compare the characteristics and determinants of HIV service use for FSW 419 

and NSW from the same study areas. However, the data used were cross-sectional so we 420 

have been unable to determine the causal nature of the relationships explored in the study. 421 

Also, in comparing the HIV care cascades for FSW and NSW, we have used self-reported 422 

ART adherence as a proxy for viral suppression as biomarkers for viral load were not 423 

available (40). Finally, our study sites were not covered by FSW intervention programmes 424 

in Zimbabwe such as ‘Sisters with a Voice’ or the SAPPHIRE trial 425 

(http://www.ceshhar.org.zw/). This has allowed us to compare the experience of FSW and 426 

NSW in the absence of targeted interventions; however, it would also be valuable for 427 

researchers with data from areas where these interventions are being implemented to 428 

perform a comparable analysis. 429 

 430 

In east Zimbabwe, between 2009 and 2011, FSW were more likely than NSW to have been 431 

tested for HIV infection and to have taken up ART. These findings challenge the common 432 

perception that HIV-infected FSW are marginalised from HIV treatment in the absence of 433 
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targeted services. However, high ART coverage in FSW is critical both for their own 434 

health and survival (with many FSW appearing to access treatment only at advanced stages 435 

of infection) and to reduce the rate of new HIV infections in the general population. 436 

Furthermore, the results of this study show that different factors influence uptake of HIV 437 

services in FSW compared to NSW. For example, whilst decentralised services (including 438 

use of recently developed sensitive and specific rapid tests to “task-shift” HIV testing to 439 

community health workers) and intensified efforts to improve personal risk perception and 440 

may increase uptake of ART in NSW, targeted services that address the stigma and 441 

discrimination associated with sex work (not measured here but shown to be an important 442 

factor in other studies (37)(41)) may be more effective for FSW. NSW would also 443 

additionally benefit from measures to improve treatment uptake once diagnosed. One 444 

possible approach for this could be to use couples’ HIV testing and counselling to address 445 

the dominant inter-personal role of male spouses in determining women’s HIV care that 446 

has been described in previous qualitative research in Manicaland [35]. The effect of such 447 

unmeasured influences could be reflected in the residual effect of sex work after adjusting 448 

for sociodemographic factors and intermediate determinants. Further research is needed as 449 

the situation may be changing – particularly since the introduction of universal eligibility 450 

for ART; nevertheless, recent data show that a third of HIV-infected women in Zimbabwe 451 

are not yet virally suppressed [36] so continued and enhanced efforts such as these are 452 

probably still needed to increase coverage of treatment services in both FSW and NSW.  453 

 454 

 455 

 456 

 457 

  458 
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Figures 

 

Figure 1: Theoretical framework illustrating how engaging in sex work (or not) may 624 

influence use of HIV testing and treatment services.  625 

 626 

Figures 2a and 2b: Comparison of HIV treatment cascades (non-cumulative and 627 

cumulative) for female sex workers and non-sex workers in Manicaland, Zimbabwe, 628 

2009-2011. 629 

  630 
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Tables 

Table 1: Socio-demographic characteristics associated with female involvement in sex 

work, and associations between sex work and intermediate determinants of HIV 

testing and treatment, Manicaland Zimbabwe, 2009-2011 
  FSW NSW     

Socio-demographic characteristic n  % n  % N AOR 95% CI 

Age-group 
19-29 36 (20.7%) 950 (37.2%) 986 1 - 

30-39 74 (42.5%) 710 (27.8%) 784 2.75 1.83-4.14 

40-49 46 (26.4%) 527 (20.6%) 573 2.3 1.47-3.61 

50-58 18 (10.3%) 368 (14.4%) 386 1.29 0.72-2.30 

Marital status 

Never married 8 (4.6%) 68 (2.7%) 76 3.18 1.46-6.92 

Married 87 (50.0%) 1912 (74.8%) 1999 1 - 

Divorced or separated 41 (23.6%) 225 (8.8%) 266 3.76 2.52-5.62 

Widowed 37 (21.3%) 350 (13.7%) 387 2.25 1.47-3.45 
Church Denomination  

Christian 89 (51.1%) 1385 (54.2%) 1474 1 - 

Spiritual 53 (30.5%) 882 (34.5%) 935 0.91 0.64-1.30 
Other 22 (12.6%) 253 (9.9%) 275 1.35 0.83-2.21 

None 10 (5.7%) 33 (1.3%) 43 4.47 2.10-9.52 
Socio-economic status 

First (poorest) tercile 121 (69.5%) 1635 (64.0%) 1756 1 - 

Second tercile 42 (24.1%) 572 (22.4%) 614 0.97 0.67-1.40 
Third tercile 7 (4.0%) 263 (10.3%) 270 0.37 0.17-0.80 

Residential area 

Town 64 (36.8%) 597 (23.4%) 661 1 - 
Agricultural estate 40 (23.0%) 610 (23.9%) 650 0.59 0.39-0.89 

Roadside settlement 45 (25.9%) 702 (27.5%) 747 0.59 0.40-0.89 

Subsistence farming village 25 (14.4%) 646 (25.3%) 671 0.36 0.22-0.58 

Education 

Primary or none 74 (42.5%) 944 (36.9%) 1018 1 - 

Secondary or higher 100 (57.5%) 1611 (63.1%) 1711 0.78 0.54-1.11 

Children alive 

None 44 (25.3%) 365 (14.3%) 409 1 - 

1 45 (25.9%) 750 (29.4%) 795 0.54 0.34-0.83 
2 43 (24.7%) 701 (27.4%) 744 0.46 0.29-0.72 

3 20 (11.5%) 436 (17.1%) 456 0.27 0.15-0.47 

  4 22 (12.6%) 303 (11.9%) 325 0.39 0.22-0.67 

Intermediate determinants               

HIV testing 
HIV Result 

Positive 91 (52.3%) 505 (19.8%) 596 4.00 2.90-5.50 

Negative 82 (47.1%) 2048 (80.2%) 2130 1 - 
Knowledge about HIV risks 

Good 158 (90.8%) 2167 (84.8%) 2325 1.63 0.96-2.76 

Poor 16 (9.2%) 388 (15.2%) 404 1 - 

Knowing persons living with or who PLHIV 

/ died from HIV 

0 14 (8.0%) 506 (19.8%) 520 1 - 

1 - 2  22 (12.6%) 455 (17.8%) 477 1.69 0.85-3.36 

3 - 4  29 (16.7%) 449 (17.6%) 478 2.13 1.11-4.09 

5 - 6 33 (19.0%) 458 (17.9%) 491 2.43 1.28-4.61 
7 76 (43.7%) 687 (26.9%) 763 3.56 1.98-6.38 

Risk perception for HIV infection 

Own high-risk behaviour 39 (22.4%) 41 (1.6%) 80 18.82 11.49-30.81 
Partner(s)' high-risk behaviour 18 (10.3%) 166 (6.5%) 184 2.18 1.28-3.73 

Other reasons 21 (12.1%) 138 (5.4%) 159 3.39 2.05-5.63 

None 96 (55.2%) 2210 (86.5%) 2306 1.00 - 
STD symptoms in last 12 months 

Yes 29 (16.7%) 215 (8.4%) 244 2.05 1.34-3.13 

No 145 (83.3%) 2340 (91.6%) 2485 1 - 

Sickness in last 12 months 

HIV-related illness 23 (13.2%) 92 (3.6%) 115 4.09 2.41-6.93 

Other illness 81 (46.6%) 1125 (44.0%) 1206 1.37 0.98-1.91 

None 69 (39.7%) 1335 (52.3%) 1404 1 - 

Psychological distress 

Yes 43 (24.7%) 298 (11.7%) 341 1.31 1.60-3.34 
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No 131 (75.3%) 2257 (88.3%) 2388 1 - 
Pregnancies in last 3 years 

One or more 49 (28.2%) 1077 (42.2%) 1126 0.59 0.40-0.87 

None 125 (71.8%) 1478 (57.8%) 1603 2 - 

Stigma and discrimination (affecting testing) 

Yes 2 (1.1%) 26 (1.0%) 28 0.05 0.25-4.49 

No 172 (98.9%) 2529 (99.0%) 2701 1 - 

Travel time to HIV testing facility 

<30 mins 61 (35.1%) 390 (15.3%) 451 1 - 

30-59 mins 39 (22.4%) 585 (22.9%) 624 0.42 0.27-0.64 

60-89 mins 23 (13.2%) 587 (23.0%) 610 0.24 0.15-0.40 

90 mins 48 (27.6%) 849 (33.2%) 897 0.35 0.23-0.52 

Uncertain 3 (1.7%) 144 (5.6%) 147 - - 

Antiretroviral treatment 

Knowledge of ART 

Yes 126 (72.4%) 1341 (52.5%) 1467 1.35 1.67-3.31 
No 48 (27.6%) 1203 (47.1%) 1251 1 - 

Stigma and discrimination (in the 

community) 

Yes 43 (24.7%) 462 (18.1%) 505 0.46 1.01-2.08 

No 131 (75.3%) 2090 (81.8%) 2221 1 - 

Peer influence 

Relative(s) on ART 41 (23.6%) 469 (18.4%) 510 2.14 1.41-3.24 

Friend(s) on ART 55 (31.6%) 333 (13.0%) 388 3.98 2.69-5.89 

None 58 (33.3%) 1496 (58.6%) 1554 1 - 

Travel time to ART service * 

<30 mins 34 (19.5%) 172 (6.7%) 206 1 - 

30-59 mins 17 (9.8%) 261 (10.2%) 278 0.31 0.17-0.57 
60-89 mins 17 (9.8%) 224 (8.8%) 241 0.38 0.20-0.70 

90 mins 33 (19.0%) 341 (13.3%) 374 0.46 0.28-0.78 

  Uncertain 73 (42.0%) 1557 (60.9%) 1630 - - 

AOR- age-adjusted odds ratios; 95% CI- 95% confidence intervals 
* Includes women not aware of HIV testing and ART services to prevent exclusion of these participants from the multi-variable 

analysis. Odds ratios were not interpreted for this group as they are not comparable with the reference category 
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Table 2: Factors contributing to differences in uptake of HIV testing ever in lifetime between FSW and NSW, Manicaland, 2009-2011 

  
  

Bivariate Analysis Socio-demographic 
Socio-demographic + 

Sexwork 

Intermediate 

Determinants 

Intermediate Determinants  + 

Sexwork 
Full Model 

    n % AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI 

Female Sex Work                             

Sex Work NSW 1925 (93.1%) 1 - - - 1 - - - 1 - 1 - 

  FSW 142 (6.9%) 1.5 1.00-2.24  - - 1.75 1.14-2.69 - - 0.99 0.63-1.57 1.11 0.69-1.81 

Socio-demographic                             

Age-group     
19-29 822 (39.8%) 1 - 1 - 1 - - - - - 1 - 

30-39 622 (30.1%) 0.75 0.59-0.95 0.69 0.53-0.90 0.67 0.51-0.87 - - - - 0.65 0.48-0.89 

40-49 402 (19.4%) 0.46 0.36-0.59 0.46 0.34-0.61 0.45 0.33-0.60 - - - - 0.54 0.37-0.78 
50-58 221 (10.7%) 0.27 0.20-0.35 0.29 0.21-0.41 0.29 0.21-0.41 - - - - 0.39 0.26-0.59 

Marital status 

Never Married 283 (13.7%) 0.28 0.17-0.45 0.31 0.18-0.50 0.3 0.18-0.49 - - - - 0.43 0.24-0.78 
Married 42 (2.0%) 1 - 1 - 1 - - - - - 1 - 

Divorced or separated 1551 (75.0%) 0.78 0.58-1.05 0.8 0.59-1.09 0.77 0.56-1.05 - - - - 0.83 0.58-1.17 

Widowed 191 (9.2%) 1.3 0.99-1.70 1.4 1.06-1.85 1.38 1.04-1.82 - - - - 1.26 0.92-1.72 

Church Denomination 
 
Christian 1131 (54.7%) 1 - 1 - 1 - - - - - 1 - 

Spiritual 701 (33.9%) 0.84 0.69-1.03 0.89 0.72-1.09 0.89 0.73-1.10 - - - - 0.95 0.75-1.20 

Other 203 (9.8%) 0.78 0.58-1.06 0.87 0.63-1.20 0.87 0.63-1.20 - - - - 0.94 0.65-1.34 

None 30 (1.5%) 0.56 0.28-1.09 0.56 0.28-1.13 0.52 0.26-1.06 - - - - 0.43 0.20-0.93 

Socio-economic status 
First (poorest) tercile 1308 (63.3%) 1 - 1 - 1 - - - - - 1 - 

Second tercile 472 (22.8%) 1.13 0.90-1.41 1.04 0.83-1.30 1.04 0.83-1.31 - - - - 0.94 0.73-1.22 

Third tercile 219 (10.6%) 1.35 0.97-1.87 1.06 0.74-1.53 1.1 0.77-1.59 - - - - 0.9 0.60-1.34 
Residential area 

Town 542 (26.2%) 1 - 1 - 1 - - - - - 1 - 

Agricultural estate 460 (22.3%) 0.57 0.44-0.74 0.59 0.44-0.79 0.61 0.46-0.82 - - - - 0.63 0.45-0.88 
Roadside settlement 569 (27.5%) 0.81 0.62-1.06 0.79 0.59-1.05 0.81 0.60-1.08 - - - - 0.94 0.68-1.30 

Subsistence farming village 496 (24.0%) 0.71 0.54-0.92 0.7 0.52-0.95 0.73 0.55-0.99 - - - - 0.93 0.67-1.31 

Education 
 
Primary or less 675 (32.7%) 1 - 1 - 1 - - - - - 1 - 

Secondary or higher 1392 (67.3%) 1.47 1.18-1.83 1.45 1.15-1.82 1.46 1.16-1.83 - - - - 1.06 0.81-1.37 

Children alive 

None 257 (12.4%) 1 - 1 - 1 - - - - - 1 - 

1 632 (30.6%) 1.9 1.45-2.50 1.63 1.23-2.16 1.67 1.26-2.22 - - - - 1.52 1.10-2.09 

2 586 (28.4%) 1.79 1.35-2.36 1.53 1.14-2.05 1.57 1.17-2.11 - - - - 1.48 1.06-2.06 
3 343 (16.6%) 1.6 1.18-2.18 1.43 1.04-1.98 1.5 1.08-2.07 - - - - 1.45 1.01-2.08 

  4 249 (12.0%) 1.88 1.33-2.65 1.73 1.21-2.48 1.79 1.24-2.57 - - - - 1.72 1.14-2.59 

Intermediate Determinants                             

HIV Result 

Positive 454 (22.0%) 1.09 0.88-1.36 - - - - - - - - - - 
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Negative 1611 (77.9%) 1 - - - - - - - - - - - 
Knowledge about HIV risks 

Good  1787 (86.5%) 1.5 1.18-1.90 - - - - 1.42 1.08-1.86 1.42 1.08-1.86 1.35 1.02-1.80 

Poor  280 (13.5%) 1 - - - - - 1 - 1 - 1 - 

Risk perception for HIV infection 

Own high-risk behaviour 68 (3.3%) 2.36 1.26-4.43 - - - - 1.21 0.62-2.36 1.21 0.60-2.43 1.3 0.63-2.70 

Partner(s)' high-risk behaviour 172 (8.3%) 6.21 3.41-11.29 - - - - 4.53 2.30-8.94 4.53 2.30-8.94 4.61 2.29-9.29 

Other reasons 133 (6.4%) 2.12 1.37-3.29 - - - - 1.47 0.92-2.35 1.47 0.92-2.35 1.41 0.87-2.29 

None 1694 (82.0%) 1 - - - - - 1 - 1 - 1 - 

Knowing persons living with or who PLHIV / died from HIV 

0 344 (16.6%) 1 - - - - - 1 - 1 - 1 - 

1 - 2  350 (16.9%) 1.51 1.14-2.00 - - - - 1.14 0.83-1.57 1.14 0.83-1.57 1.12 0.80-1.57 

3 - 4  392 (19.0%) 2.56 1.89-3.47 - - - - 2.09 1.48-2.95 2.09 1.48-2.95 2.04 1.43-2.91 
5 - 6 389 (18.8%) 2.26 1.69-3.04 - - - - 1.53 1.11-2.12 1.53 1.11-2.12 1.47 1.05-2.06 

7 592 (28.6%) 2.07 1.60-2.69 - - - - 1.35 1.01-1.82 1.35 1.01-1.82 1.27 0.93-1.72 

STD symptoms in last 12 months 
Yes 195 (9.4%) 1.5 1.00-2.24 - - - - 0.83 0.57-1.20 0.83 0.57-1.20 0.83 0.56-1.22 

No 1872 (90.6%) 1 - - - - - 1 - 1 - 1 - 

Sickness in last 12 months 

HIV-related illness 109 (5.3%) 8.08 3.50-18.67 - - - - 3.78 1.55-9.18 3.78 1.55-9.18 4.35 1.76-10.71 

Other illness 904 (43.7%) 1.04 0.87-1.25 - - - - 0.97 0.80-1.19 0.97 0.80-1.19 0.97 0.78-1.20 

None 1052 (50.9%) 1 - - - - - 1 - 1 - 1 - 

Psychological distress 

Yes 259 (12.5%) 1.12 0.85-1.47 - - - - - - - - - - 

No 1808 (87.5%) 1 - - - - - - - - - - - 

Pregnancies in last 3 years 

One or more 974 (47.1%) 2.32 1.82-2.96 - - - - 2.51 1.91-3.28 2.5 1.91-3.28 2.42 1.82-3.22 

None 1093 (52.9%) 1 - - - - - 1 - 1.00 - 1 - 
Travel time to HIV testing facility* 

       
<30 mins 385 (18.6%) 1 - - - - - 1 - 1 - 1 - 

30 - 59 mins 508 (24.6%) 0.78 0.56-1.09 - - - - 0.73 0.51-1.03 0.73 0.51-1.03 0.73 0.51-1.06 
60 - 89 mins  470 (22.7%) 0.63 0.45-0.87 - - - - 0.58 0.41-0.82 0.58 0.41-0.82 0.5 0.35-0.73 

90 mins  690 (33.4%) 0.63 0.46-0.86 - - - - 0.58 0.42-0.80 0.58 0.42-0.80 0.47 0.33-0.67 

Uncertain 14 (.7%) - - - - - - - - - - - - 

Knowledge of ART 

Yes 1224 (59.2%) 2.38 1.98-2.86 - - - - 1.51 1.23-1.87 1.51 1.23-1.87 1.48 1.19-1.85 

No 833 (40.3%) 1 - - - - - 1 - 1 - 1 - 

Stigma and discrimination (affecting testing) 

Yes 19 (.9%) 0.76 0.34-1.73 - - - - - - - - - - 

No 2048 (99.1%) 1 - - - - - - - - - - - 

Stigma and discrimination (in the community) 

Yes 395 (19.1%) 1.18 0.93-1.50 - - - - - - - - - - 

  No 1669 (80.7%) 1 - - - - - - - - - - - 

AOR- age-adjusted odds ratios; 95% CI- 95% confidence intervals 
* Includes women not aware of HIV testing and ART services to prevent exclusion of these participants from the multi-variable analysis. Odds ratios were not interpreted for this group as they are not comparable 

with the reference category 
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Table 3: Factors contributing to differences in uptake of antiretroviral treatment between FSW and NSW, Manicaland, Zimbabwe, 2009-2011  

  

  

Bivariate Analysis  
Socio-

demographic 

Socio-

demographic  

Sexwork 

Intermediate 

Determinants 

Intermediate 

Determinants  

Sexwork 

Full Model 

    n % AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI 

Female Sex Work                               

Sex Work NSW 138 (75.4%) 1 - - - 1 - - - 1 - 1 - 

FSW 45 (24.6%) 2.64 1.16-6.00 - - 2.28 0.97-5.39 - - 3.46 0.91-13.16 3.51 0.79-15.47 

Socio-demographic                               

Age 

Age (continuous) - - 1.53 1.14-2.06 1.62 1.19-2.22 1.57 1.14-2.15 - - - - 1.63 1.03-2.57 

Age2 - - 1 0.99-1.00 0.99 0.99-1.00 1 0.99-1.00 - - - - 1 0.99-1.00 

Marital status 
Never Married 2 (1.1%) 0.33 0.04-2.57 - - - - - - - - - - 

Married 72 (39.3%) 1 - - - - - - - - - - - 

Divorced/Separated 29 (15.8%) 1.56 0.66-3.65 - - - - - - - - - - 
Widowed 80 (43.7%) 1.41 0.73-2.74 - - - - - - - - - - 

Church Denomination  
 
Christian churches 100 (54.6%) 1 - - - - - - - - - - - 
Spiritual churches 59 (32.2%) 0.62 0.35-1.12 - - - - - - - - - - 

Other religion 19 (10.4%) 1.29 0.46-3.58 - - - - - - - - - - 

No religion 5 (2.7%) 2 0.30-13.48 - - - - - - - - - - 

Socio-economic status 
 
1 (poorest) 113 (61.7%) 1 - - - - - - - - - - - 

2 47 (25.7%) 1.21 0.63-2.34 - - - - - - - - - - 

3 20 (10.9%) 2.3 0.82-6.44 - - - - - - - - - - 

Residential area 

Town 62 (33.9%) 1 - 1 - 1 - - - - - 1 - 
Agricultural estate 54 (29.5%) 1.1 0.52-2.35 1.27 0.58-2.76 1.37 0.62-3.01 - - - - 2.53 0.77-8.29 

Roadside settlement 35 (19.1%) 0.48 0.23-1.01 0.54 0.26-1.15 0.6 0.28-1.28 - - - - 0.87 0.29-2.61 

Subsistence farming village 32 (17.5%) 0.82 0.37-1.82 0.96 0.42-2.16 1.01 0.44-2.30 - - - - 1.78 0.53-5.95 

Education 
 
Primary or less 86 (47.0%) 1 - - - - - - - - - - - 

Secondary or higher 97 (53.0%) 1.09 0.58-2.07 - - - - - - - - - - 

Children alive 

0 50 (27.3%) 1 - 1.00 - 1 - - - - - 1 - 

1 52 (28.4%) 0.44 0.18-1.08 0.44 0.18-1.10 0.49 0.19-1.24 - - - - 0.2 0.04-1.12 

2 40 (21.9%) 0.37 0.15-0.95 0.39 0.15-1.02 0.46 0.18-1.22 - - - - 0.13 0.02-0.76 

3 24 (13.1%) 0.27 0.10-0.75 0.27 0.10-0.74 0.31 0.11-0.87 - - - - 0.13 0.02-0.80 

4 17 (9.3%) 0.24 0.08-0.72 0.24 0.08-0.75 0.25 0.08-0.78 - - - - 0.05 0.01-0.36 

Intermediate 

Determinants                               

Knowledge about HIV 

risks 

Good  162 (88.5%) 1.18 0.53-2.63 - - - - - - - - - - 
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Poor  21 (11.5%) 1 - - - - - - - - - - - 

Risk perception for HIV infection 

Own high-risk behaviour 37 (20.2%) 1.1 0.38-3.16 - - - - - - - - - - 

Partner(s)' high-risk behaviour 92 (50.3%) 1.06 0.42-2.68 - - - - - - - - - - 

Other reasons 36 (19.7%) 0.81 0.29-2.26 - - - - - - - - - - 

None 18 (9.8%) 1 - - - - - - - - - - - 

Peer influence 

Relative(s) on ART 72 (39.3%) 9.12 4.25-19.58 - - - - 1.95 0.70-5.42 1.83 0.66-5.06 1.79 0.61-5.20 

Friend(s) on ART 91 (49.7%) 16.38 7.22-37.20  - - - - 3.04 1.03-8.93 2.52 0.85-7.46 2.19 0.69-6.97 

None 20 (10.9%) 1 - - - - - 1 - 1 - 1 - 

Sickness in last 12 

months 

HIV-related illness 69 (37.7%) 1.09 0.57-2.09 - - - - - - - - - - 
Other illness 42 (23.0%) 0.69 0.35-1.35 - - - - - - - - - - 

None 72 (39.3%) 1 - - - - - - - - - - - 

STD symptoms in last 12 months 
Yes 51 (27.9%) 1.03 0.56-1.89 - - - - - - - - - - 

No 132 (72.1%) 1 - - - - - - - - - - - 

Psychological distress 

Yes 36 (19.7%) 0.46 0.24-0.86 - - - - 0.43 0.19-0.99 0.41 0.18-0.96 0.48 0.20-1.18 

No 147 (80.3%) 1 - - - - - 1 - 1 - 1 - 

Pregnancies in last 3 

years 

One or more 28 (15.3%) 0.86 0.41-1.80 - - - - - - - - - - 

None 155 (84.7%) 1 - - - - - - - - - - - 

Travel time to ART 

service* 

<30 mins 43 (23.5%) 1 - - - - - 1 - 1 - 1 - 

30 - 59 mins 42 (23.0%) 0.27 0.08-0.86 - - - - 0.27 0.08-0.89 0.34 0.10-1.15 0.41 0.11-1.58 

60 - 89 mins  34 (18.6%) 0.32 0.09-1.18 - - - - 0.37 0.10-1.40 0.42 0.11-1.62 0.34 0.07-1.67 

90 mins  63 (34.4%) 0.37 0.12-1.16 - - - - 0.46 0.14-1.46 0.51 0.15-1.65 0.65 0.17-2.49 

Uncertain 1 (.5%) - - - - - - - - - - - - 

Stigma and discrimination (in the community) 
Yes 38 (20.8%) 1.3 0.64-2.64 - - - - - - - - - - 

No 145 (79.2%) 1 - - - - - - - - - - - 

AOR- age-adjusted odds ratios; 95% CI- 95% confidence intervals 
* Includes women not aware of HIV testing and ART services to prevent exclusion of these participants from the multi-variable analysis. Odds ratios were not interpreted for this group as they are not comparable 

with the reference category 
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Supplementary Material 

 

 

 

A. Theoretical framework for factors mediating uptake of HIV services among female sex 

workers vs non-sex workers 

Several theoretical models of the mechanisms for behaviour change have been successfully 

applied to reduce risky sexual behaviour by individuals [1]. However, recognition of the 

limitations of individual-level approaches to HIV prevention (such as to what extent condom 

use is solely related to self-efficacy without consideration of gendered power dynamics) has 

led to a growth in structural models for HIV risk [2]. Multilevel theoretical models draw on the 

strengths of both individual-level focused models and structural models, but in delineating the 

links between these levels have great potential power for theory-driven approaches to 

combination prevention [3]. The Network-Individual-Resource Model (NIRM) for HIV 

Prevention posits that membership of distinct social networks can attenuate or enhance 

individual-level factors driving HIV risk [4]. For example, intense stigma and discrimination 

frequently marginalises female sex workers (FSW) from wider society such that FSW may 

occupy distinct social networks from non-sex workers (NSW). Therefore, various factors 

relating these distinct social networks may mean that FSWs’ use of healthcare services may be 

dissimilar to that of NSW. These factors comprise individual-level preferences and behaviours 

as well as relations with peers, relatives and the community and the legal and socio-cultural 

context. Drawing on a rich literature of multi-level theoretical approaches to behaviour change 

and HIV transmission prevention [3–5], we describe a new framework (Figure S1) to explain 

how intermediate factors at different levels may be associated with HIV service uptake in 
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testable relations in a Zimbabwean context, a subset of which are explored in this paper (Figure 

1). 

 

Supplementary Figure 1: Generalised theoretical framework for intermediate factors 

mediating differential uptake of HIV services by female sex workers (FSW) compared to 

non-sex workers (NSW). 
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Influence of structural factors on uptake of health services 

Structural factors include social, cultural, economic, legal and political contexts which shape 

and frame behaviours, actions and norms of communities and agents [2]. In meta-analyses 

evaluating barriers to retention and linkage to care, distance from testing facilities and costs of 

transport have been identified as the most important obstacles [6], yet to what extent this is true 

in FSW as well as NSW is unclear. Since FSW tend to most commonly live in more urban 

areas than NSW [17] where facilities are most concentrated and more closely available, we 

might expect distances and costs of transport to be different between FSW and NSW. However, 

travel also incurs an opportunity cost for FSW who experience loss of earnings during the time 

taken to travel [7] so this may attenuate their uptake relative to NSW. In addition, FSW often 

migrate both internally and across national borders [8,9], often away from families even 

including children. Mobility and migration affect uptake of services in complex ways that are 

dependent on a variety of contextual factors (e.g. relative availability of services in source and 

sink destinations, whether migration is internal, circular or international). Migration from high 

to low prevalence settings is associated with lower HIV risk [10] but migrants are more likely 

to be unaware of local services which can reduce access. In addition, circular migration can 

interrupt treatment or cause delays in treatment [11]. 

 

Fear of social rejection and discrimination from positive HIV diagnosis often deters individuals 

from seeking testing [7,12,13]. For FSW, this fear may be more intense because of higher rates 

of HIV among FSW than NSW (see individual-factors below) and because they already  

experience intense stigma and discrimination as a result of selling sex. Laws criminalising sex 

work mean that sex workers are often subject to arrest and violence perpetrated by police 

[2,14,15]. Such laws often intersect with gendered attitudes towards acceptable behaviour for 

women, often compounding long-lived taboos around female promiscuity [16,17]. Such stigma 
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frequently results in harassment [16] and can cause unnecessary delays to treatment from 

healthcare workers [18] or deter FSW from accessing care altogether [19].  

 

Influence of social factors on uptake of health services 

Evidence for social factors influencing uptake is based on trials of various interventions to 

encourage treatment initiation and adherence. In the wider community, mobilisation, group 

membership and empowerment (either informal or formal) have been successful in 

encouraging HIV testing and treatment through enhancing social capital (networks of inter-

group relationships that are socially enhancing) and self-efficacy [20,21]. Similar approaches 

have been targeted towards mobilising sex worker communities (e.g. by uniting sex workers in 

a common cause for health improvement, creating spaces for debate of new health information 

and tackling powerful actors that actively disenfranchise sex workers through violence, stigma 

or discrimination [22] have demonstrated substantial effectiveness in reducing HIV infection 

and other STIs and increasing condom use [23]. An important component of community 

mobilisation is the development and strengthening of social capital and facilitating 

“transformative social spaces”. One approach to this is encouraging participation in community 

groups. Such groups can have powerful positive impacts on risk behaviours and healthcare 

seeking, by providing a critical dialogue of harmful social norms, providing emotional and 

material support and by forming positive action plans and solidarity to mobilise them [21]. 

Conversely, they can also entrench negative norms and facilitate dissemination of false 

information. It is unclear how community membership may have differential impact on FSW 

and NSW in enhancing/attenuating service uptake. 

 

Influence of individual and interpersonal level factors on uptake of health services 
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A complex interplay of biological and behavioural factors drive differences in HIV risk in FSW 

compared to NSW which in turn will influence their respective need for and exposure to HIV 

services. Unsurprisingly, awareness and knowledge of HIV services have been identified as a 

critical component to encouraging service uptake. Batona et al found FSW who had previously 

undergone HIV counselling and testing (HTC) were more likely to become engaged with 

services a second time and displayed less resistance to testing and initiation in the treatment 

cascade [24]. A synergistic and reciprocal relationship exists between STIs (such  as HSV-2 

and bacterial vaginosis) and HIV such that acquisition of one can facilitate acquisition and 

transmission of the other [25–27]. Unprotected sex with multiple sexual partners puts FSWs at 

greater risk than NSW of symptomatic STIs and HIV. Consequently, FSW may be more likely 

to access services than NSW to resolve these health concerns, not least because ill-health may 

cause loss of earnings. Relatedly, greater perceived risk among FSWs may drive higher rates 

of health service uptake [1,8].   

 

For many women worldwide, initial exposure to HIV testing is via antenatal care services 

(ANC). We might expect lower exposure to HIV testing through ANC for FSW for a couple 

of reasons. First, since FSW have higher prevalence of HIV than NSW and HIV reduces 

fertility [12] , we might expect incidence of pregnancy among FSW to be lower. Second, 

pregnancy represents an opportunity cost for FSW (loss of earnings) and so they may be more 

likely to take steps to avoid it (e.g. hormonal contraception). 

 

A systematic reivew of barriers and faciliators to accessing ART care globally found a number 

of individual-level barriers were influential including younger age, lower education level, 

longer distances from clinics, higher transport costs, as well as inability to take time off work 

and other time constraints [6]. In a previous study of sex workers in Zimbabwe, we found FSW 
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were significantly higher educated, older and were more likely to live in urban areas where 

facilities are more closely available. Differences in wealth of FSW compared to NSW may 

mean they have different capacities to pay for healthcare-related costs [28]. Conversely, if sex 

workers are less likely to live with children (either because they have no children or have 

travelled to work), FSW may have lower childcare related expenditures than NSW which may 

mean greater disposable income for healthcare-related expenditures [29]. 

 

High rates of mental health disorders in FSW have been attributed to discrimination and social 

rejection as a result of their work, higher rates of violence (physical, sexual and emotional) 

from clients, non-paying intimate partners, police and economic pressures to support 

dependents [5]. Data from Zimbabwe suggest FSW have higher levels of mental ill-health than 

NSW and that mental ill-health is linked to poorer adherence to ART [30]. In addition to the 

fear of HIV positive diagnosis, disclosure as HIV positive connotes additional negative 

consequences for FSW, it being undesirable for potential clients and potentially resulting in a 

loss of earnings. 

 

In frameworks for HIV risk, interpersonal factors include frequency and type of sexual 

relationships and the negotiation of condom use therein [2,5]. Intimate male partners can 

effectively control their female spouse’s access to HIV treatment, causing substantial treatment 

delays [6,13] intimate partner violence has been linked to lower ART use and viral load 

suppression [31] and for FSW having an intimate partnership can present a significant obstacle 

to achieving viral suppression [32]. If NSW are more likely to have an intimate male partners 

than FSW, we might therefore expect uptake among NSW to be more affected by the influence 

of partners.  
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The impact of interpersonal factors on health-service uptake need not relate solely to sexual 

relationships but may also be driven through social relationships. In HIV prevention, use of 

peers has had important beneficial impact in enhancing knowledge of HIV risks, encouraging 

condom use and reducing HIV/STI infections [33,34]. Use of peers to encourage uptake of 

HIV care is less well studied. In India, a requirement to take a “buddy” or family member 

before treatment was issued prevented FSW and MSM from accessing services [7] and peer-

led interventions may be limited if the social environment is not health-enabling [35]. 

Nevertheless, peers have been used with some success in preventing mother-to-child 

transmission of HIV [36] and near-peers (health workers with shared cultural background with 

clients) have been used in the US to significantly increase viral load suppression by helping 

patients navigate non-integrated HIV care systems [37]. We hypothesis peer use of HIV care 

as a potential factor to encourage service access.  

 

B. Shona Symptom Questionnaire 

Mental health was assessed using the Shona Symptom Questionnaire (SSQ), a 14-item 

questionnaire of ‘yes or ‘no’ questions, developed and validated in Zimbabwe in 1997 with the 

aid of mental healthcare providers [38]. The SSQ quantifies psychological distress as a function 

of somatic and psychological experiences over the week prior to interview. Using validated 

cut-points indicating levels of psychological distress [38], a dichotomous variable (0/1) was 

created with individuals with an SSQ score ≥7 (coded 1) as currently experiencing 

psychological distress [30]. 
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C. HIV testing amongst HIV+ women 

Table S1: Factors contributing to the difference in uptake of HIV testing between  

HIV-positive FSW and NSW, Manicaland Zimbabwe, 2009-2011 

 

 

Bivariate Socio-demographic 
Socio-demographic  

Sexwork 

Intermediate 

Determinants 

Intermediate 

Determinants  

Sexwork 

Full Model 

    
AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI 

Female Sex Work                

Sex Work NSW 379 (83.48%) 1 - - - 1 - - - 1 - 1 - 

 FSW 75 (16.52%) 1.51 0.85-2.70 - - 1.83 1.00-3.37 - - 1.02 0.51,2.05 1.14 0.56,2.35 

Socio-demographic                 

Age-group                

 19-29 96 (21.15%) 1 - - - - - - - - - - - 

 30-39 178 (39.21%) 1.06 0.64-1.75 - - - - - - - - - - 

 40-49 126 (27.75%) 1.31 0.75-2.29 - - - - - - - - - - 

 50-58 54 (11.89%) 0.82 0.43-1.55 - - - - - - - - - - 

Marital status   
 

           

 Never married 139 (30.62%) 0.52 0.18-1.52 - - - - - - - - - - 

 Married 9 (1.98%) 1 - - - - - - - - - - - 

 

Divorced or 

separated 237 
(52.2%) 

0.90 0.53-1.54 
- - - - - - - - - - 

 Widowed 69 (15.2%) 1.45 0.89-2.38 - - - - - - - - - - 

Religion   
 

            

 Christian 238 (52.42%) 1 - 1 - 1 - - - - - 1 - 

 Spiritual 156 (34.36%) 0.93 0.60-1.42 1.00 0.65-1.55 1.02 0.66-1.58 - - - - 1.09 0.64,1.85 

 Other 48 (10.57%) 0.69 0.38-1.24 0.77 0.42-1.42 0.76 0.41-1.39 - - - - 0.79 0.38,1.63 

 None 12 (2.64%) 0.42 0.16-1.08 0.50 0.19-1.33 0.41 0.15-1.12 - - - - 0.33+ 0.10,1.07 
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Socio-economic status   
 

           

 

First (poorest) 

tercile 284 
(62.56%) 

1 - 
- - - - - - - - - - 

 Second tercile 114 (25.11%) 1.31 0.82-2.10 - - - - - - - - - - 

 Third tercile 48 (10.57%) 1.08 0.58-2.02 - - - - - - - - - - 

Residential area   
 

           

 Town 143 (31.5%) 1 - 1 - 1 - - - - - 1 - 

 

Agricultural 

estate 125 
(27.53%) 

1.02 0.64-1.64 1.02 0.63-1.65 1.06 0.65-1.73 
- - - - 

1.53 0.84,2.79 

 

Roadside 

settlement 79 
(17.4%) 

1.61 0.93-2.79 1.46 0.83-2.54 1.52 0.87-2.67 
- - - - 

2.25* 1.14,4.42 

 

Subsistence 

farming village 107 
(23.57%) 

1.20 0.69-2.10 1.09 0.61-1.93 1.13 0.64-2.01 
- - - - 

1.47 0.70,3.10 

Education   
 

            

 Primary or none 178 (39.21%) 1 - 1 - 1 - - - - - 1 - 

 

Secondary or 

higher 276 
(60.79%) 

1.75 1.14-2.71 1.63 1.04-2.53 1.66 1.06-2.58 
- - - - 

1.47 0.85,2.55 

Children alive   
 

           

 None 102 (22.47%) 1 - - - - - - - - - - - 

 1 140 (30.84%) 1.15 0.68-1.96 - - - - - - - - - - 

 2 106 (23.35%) 0.91 0.53-1.57 - - - - - - - - - - 

 3 60 (13.22%) 0.95 0.50-1.82 - - - - - - - - - - 

 4+ 46 (10.13%) 1.65 0.73-3.73 - - - - - - - - - - 

Intermediate Determinants                

Knowledge about HIV risks               

 Good  395 (87.%) 1.28 0.75,2.18 - - - - - - - - - - 

 Poor  59 (13.%) 1 - - - - - - - - - - - 

Risk perception for HIV infection   
 

           

 

Own high-risk 

behaviour 55 
(12.11%) 

4.53*** 2.06,9.93 
- - - - 

2.49* 1.06,5.84 2.47* 1.01,6.02 3.13* 1.22,8.08 

 

Partner(s)' high-

risk behaviour 136 
(29.96%) 

22.46*** 

8.05,62.6

8 
- - - - 

16.57*** 

5.28,51.9

3 16.58*** 

5.29,51.9

8 18.51*** 

5.77,59.3

5 

 Other reasons 66 
(14.54%) 

4.78*** 

2.29,10.0

1 
- - - - 

3.22** 1.47,7.07 3.22** 1.46,7.07 3.57** 1.59,7.99 
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 None 197 (43.39%) 1 - - - - - 1 - 1 - 1 - 

Knowing PLHIV / died from HIV   
 

           

 0 53 (11.67%) 1 - - - - - 1 - 1 - 1 - 

 1 - 2  85 (18.72%) 2.23** 1.21,4.09 - - - - 1.70 0.82,3.52 1.7 0.82,3.52 1.78 0.84,3.75 

 3 - 4  74 (16.3%) 2.69** 1.39,5.22 - - - - 1.79 0.82,3.88 1.79 0.82,3.88 1.73 0.79,3.82 

 5 - 6 85 (18.72%) 3.15*** 1.63,6.08 - - - - 2.01+ 0.93,4.34 2.01+ 0.93,4.34 2.17+ 0.98,4.80 

 7 157 (34.58%) 2.72*** 1.56,4.73 - - - - 1.18 0.60,2.33 1.18 0.60,2.33 1.18 0.59,2.37 

STD symptoms in last 12 months   
 

           

 Yes 86 (18.94%) 1.80* 1.02,3.20 - - - - 0.63 0.31,1.25 0.63 0.31,1.26 0.67 0.33,1.36 

 No 368 
(81.06%) 

1 - - - - - 1 - 1 - 1 - 

Sickness in last 12 months   
 

           

 

HIV-related 

illness 95 
(20.93%) 

0.06*** 0.02,0.21 
- - - - 

0.14** 0.04,0.49 0.14** 0.04,0.49 0.12** 0.03,0.45 

 Other illness 165 (36.34%) 0.10*** 0.03,0.33 - - - - 0.22* 0.06,0.78 0.22* 0.06,0.79 0.20* 0.06,0.74 

 None 193 (42.51%) 1 - - - - - 1 - 1 - 1 - 

Psychological distress   
 

           

 Yes 366 (80.62%) 1.23 0.74,2.05 - - - - - - - - - - 

 No 88 (19.38%) 1 - - - - - - - - - - - 

Pregnancies in last 3 years   
 

           

 One or more 335 (73.79%) 1.29 0.78,2.13 - - - - - - - - - - 

 None 119 (26.21%) 1 - - - - - - - - - - - 

Travel time to HIV testing facility   
 

           

 <30 mins 106 (23.35%) 1 1.00,1.00 - - - - 1 - 1 - 1 - 

 30 - 59 mins 113 (24.89%) 0.64 0.35,1.16 - - - - 0.58 0.29,1.12 0.58 0.29,1.13 0.50+ 0.25,1.01 

 60 - 89 mins  91 (20.04%) 0.57 0.30,1.05 - - - - 0.53+ 0.26,1.06 0.53+ 0.26,1.06 0.39* 0.18,0.84 

 90 mins  142 (31.28%) 0.9 0.49,1.66 - - - - 0.81 0.41,1.61 0.82 0.41,1.62 0.65 0.31,1.33 

 Uncertain 2 (.44%) 0.02*** 0.00,0.08 - - - - 0.03*** 0.01,0.13 0.03*** 0.01,0.13 0.02*** 0.00,0.10 

Knowledge of ART   
 

           

 Yes 345 (75.99%) 3.47*** 2.33,5.16 - - - - 1.21 0.74,1.98 1.21 0.74,1.98 1.07 0.63,1.82 
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 No 108 (23.79%) 1 - - - - - 1 - 1 - 1 - 

Stigma and discrimination (in the 

community)   

 

           

 Yes 90 (19.82%) 1.27 0.77,2.11 - - - - - - - - - - 

 No 363 (79.96%) 1 - - - - - - - - - - - 
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