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Table 1��$%�%&�"�)*�)&*��+��,-"�G�/)%0"�"*�#"!!)��*�&%*"*�%(/�&�(���!*1 
� Cases  Controls 

��#0"�� 89G� G8;;�
�'"�A,B� 8F1G� 8F1F�
�"#%!"� ;81;P� G41GPV�
	0"*)�,�A���U;:��'N#GB� ;81;P� 951:PV�
�"/"(�%�,�!)+"*�,!"�AQ7�$���*N/%,B� ;91GP� G:15PV�
�)'$�&$�!"*�"��!�

�)"��
���'*�

�
G916P�
7717P�

�
9F15PV�
7716P�

�#��)('�
����"(��
�%*��

�
9517P�
F:1:P�

�
9F18P�
741FP�

�*"��+�%!&�$�!�
Q8�'N/%,�
829G�'N/%,�
9G2G7�'N/%,�
UG7�'N/%,�

�
;719P�
9918P�
9814P�
9F1FP�

�
;919PV�
9F17PV�
G;19PV�
9F18PV�

Number of antihypertensive drugs � �
����"(���*"��+�%(�)$,-"��"(*)."�/��'*�

$)%�)/"�/)��"�)&*�
�"�%20!�&�"�*�
����)($)0)���*�
�2���%(�%'�()*�*�
�%!&)�#2%(�%'�()*�*�

�
;51GP�
7614P�
G51:P�
9F1;P�
9618P�

�
G418PV�
7419P�
G61;P�
9819P�
G915PV�

���>���/,��%**��(/"=��
V�-Q:1:F�
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Table 2� �**�&)%�)�(�0"�3""(� &���"(�� �*"��+� �$)%�)/"�/)��"�)&* ��� *-%�)('� %'"(�*� %(/� �$"�
�)*���+��,-"�G�/)%0"�"*�#"!!)��*1 
� Cases Controls OR [95%CI] OR [95%CI]* 

���$)%�)/"� ;86� 967:� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
$)%�)/"� 966� 8;4� 91FF�D91G52914:E� 9189�D91G:2G197EW�
� Q9����� 5;� ;:5� 91;:�D:1462915;E� 91;9�D:14G29166E�
� ≥9����� 99F� ;;G� 9155�D91;42G1G8E� 9167�D91;72G1F7EW�
$)%�)/"X��2*-%�)('�%'"(�� F8� 9F7� 916:�D91G42G1F:E� 918F�D91992G177EW�
� Q9����� 7� 97� 917G�D:1782717;E� 918G�D:1F92F1G9E�
� ≥9����� FG� 97:� 916;�D91;:�DG1F6E� 918F�D919:2G175EW�
V� %/H�*�"/� +��� )(/"=2/%�" � ��/,� �%**� �(/"= � *#��)(' � $)'$� &$�!"*�"��! � �*"� �+� 0"�%2
0!�&�"�* � ���� )($)0)���*� �(')��"(*)(� �"&"-���� 0!�&�"�* � -$,*)&%!� %&�).)�, � /%)!,� %!&�$�!�
�*" �*"= �!��-�/)��"�)&* �%'" �(�#0"���+�%(�)$,-"��"(*)."�/��'*�
W�-Q:1:F�

�
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Table 3�$"��)*���+��,-"�G�/)%0"�"*�*��%�)+)"/�0,�%(�$),-"��"(*)."�#�(��$"�%-,��*"�%(/�
�$)%�)/"�&�#0)(%�)�(��$"�%-,1 
� Cases Controls OR [95%CI] OR [95%CI]* 

�%2%(�%'�()*��#�(�� ;7� 96F� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
���2��#�(�� FF� G48� :144�D:18G291F6E� 91:9�D:18G2918GE�
�0!��#�(�� 99F� F4G� 91:;�D:185291F8E� 91:4�D:15929185E�
����#�(�� G6� 975� 919;�D:18F29148E� 9195�D:1852G1:7E�
	�$"��#�(�� 7� 96� :145�D:1;:2;1:6E� 91G9�D:1;52;146E�
$)%�#�(�� ;F� 46� 914F�D91972;1;GE�W� G1:F�D91962;1F5E�W�
� Q9����� 7� 98� 91;5�D:17;271;9E� 91;F�D:1792717;E�
� ≥9����� ;9� 6G� G1:8�D91962;1F6E�W� G1G:�D91G;2;149E�W�
$)%X���2)N���� 9G5� 7FG� 9184�D91992G1F5E�W� 9179�D:1542G1F9E�
� Q9����� F7� G;8� 9179�D:1662G1G5E� 9195�D:18;2G196E�
� ≥9����� 5;� G98� 9146�D91GF2;19GE�W� 918F�D:14:2;1:GE�
$)%X(�(���)N���� 6G� G7;� 916F�D91962G164E�W� 9174�D:1662G1F7E�
� Q9����� 94� 84� 9189�D:1682;1:9E� 917:�D:15:2G169E�
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/��'* � /%,� �+� /)*-"(*)(' � (�#0"�� �+� �()�*� /)*-"(*"/ � -�"*&�)0"/� /%)!,� /�*" � %(/� �$"�
%(%��#)&%!� �$"�%-"��)&%!� &$"#)&%!� &�/"��+� �$"�/��'1�[�"*�)�((%)�"� )(+��#%�)�(�3%*��*"/� ���
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Outcome and exposure definition:�$"����&�#"��+� )(�"�"*��3%*� )(&)/"(��/)%0"�"*1��$%�#%&,�
�"&��/*� 3"�"� �*"/� ��� )/"(�)+,� )(&)/"(�� /)%0"�"*� A&%*"*B1� �(&)/"(�� &%*"*� �+� /)%0"�"*� 3"�"�
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Table 1��%*"!)("�&$%�%&�"�)*�)&*��+�&%*"*�%(/�&�(���!*1 
� Cases  Controls p-value 
��#0"�� 745� G8;;� �
�'"� 8F16� 8F15� :14F7�
�"=�A�"#%!"B� 95:�A;71GPB� 696�A;919PB� :1985�
���U;:��'N#G� 9:G�A;716PB� ;99�A9514PB� Q:1::9W�
�)'$�0!��/�-�"**��"� ;5F�A6614PB� 9444�A661;PB� :16:7�
�)'$�&$�!"*�"��!� � � :1::GW�

� ���#%!�
� �)'$ �/)"��
� �)'$ �/��'*�

�
99;�AG41FPB�
59�A961FPB�
944�AFG1:PB�

�
69F�A;61:PB�
G44�A9;14PB�

9:;:�A761:PB�

�

�#��)('� � � :1:;7W�
� �"."��
� ����"(��
� �%*��

�
9:4�A;81GPB�
89�AG:1;PB�
9;9�A7;1FPB�

�
8G8�A;F19PB�
G85�A9F1:PB�
666�A7414PB�

�

�"/"(�%�,�AQ7�$���N3""�B� 9::�A;:16PB� 7:4�AG915PB� Q:1::9W�
�*"��+�%!&�$�!� � � :1:66�
� �"."���*"�
� �%*���*"����Q8'N/%,�
� 829G'N/%,�
� 9G2G7'N/%,�
� �G7'N/%,�

�
88�AG:18PB�
998�A;81;PB�
7G�A9;19PB�
88�AG:18PB�
;:�A417PB�

�
;;9�A9516PB�
F57�A;:16PB�
G67�A9F1GPB�
79G�AGG19PB�
G8;�A9719PB�

�

����"(���*"�%(�)$,-"��"(*)."�/��'*� � � �
� $)%�)/"�/)��"�)&*�
� �"�%0!�&�"�*�
� ����)($)0)���*�
� �G�0!�&�"�*�
� �%!&)�#�%(�%'�()*�*�
� �)*&"!!%("��*�

946�A;416PB�
G66�AF514PB�
986�A;;16PB�
64�A9514PB�
9GG�AG71FPB�
96�A;18PB�

54;�A;:19PB�
97;:�AF71;PB�
666�A;;15PB�
759�A9514PB�
885�AGF1;PB�
6G�A;19PB�

Q:1::9W�
:197�

91:::�
91:::�
:15;8�
:1F55�

W�-Q:1:F�
�
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Table 2 	."�%!!�%(%!,*)*�0"�3""(��$)%�)/"�/)��"�)&��*"�%(/��$"��)*���+��,-"�G�/)%0"�"*�#"!!)��*1�
� Cases Controls OR* OR** 
	�$"����� G44� 967:� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
$)%�)/"�/)��"�)&*� 946� 54;� 91F6�D91;:2914;EW� 9189�D91;929144EW�
� Q�9����� 8G� ;G9� 91G6�D:14F2915;E� 91;:�D:14F29155E�
� ��9����� 9;8� 75G� 9156�D917G2G1G7EW� 916G�D917;2G1;9EW�
� � � � �
	�$"����� G44� 967:� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
$)%�)/"�%!�("� 9F8� 8;4� 91F5�D91G829147EW� 9187�D91;92G1:FEW�
$)%�)/"�X�-��%**)�#�*-%�)('�/)��"�)&� 7G� 9F7� 918F�D919F2G1;6EW� 91F;�D91:F2G1G;EW�
� � � � �
	�$"����� 9F;� 476� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
$)%�)/"�%!�("� 45� ;79� 9185�D91GF2G1G;EW� 9188�D91GG2G1GFEW�
$)%�)/"�X�����)($)0)���� 9:5� 7FG� 918G�D91G;2G19;EW� 915:�D91G52G1G5EW�
����)($)0)���� 978� 64G� 91:6�D:167291;6E� 91:6�D:167291;4E�
	�$"����>�	�$"��%(�)$,-"��"(*)."*�)(&!�/)('�&%!&)�#2%(�%'�()*�* �0"�%0!�&�"�*�%(/�#)*&"!!%("��*�
%(�)$,-"��"(*)."�/��'*R����>��%)!,��"+)("/���*"�
V��/H�*�"/�+���&%!"(/%�,"%��
VV��/H�*�"/�+���&%!"(/%�,"%� �*"= ��0"*)�, ��*"��+�%!&�$�! �$)'$�&$�!"*�"��! �$)'$�0!��/�-�"**��" �-$,*)&%!�
%&�).)�,�%(/�*#��)('�
W�-Q:1:F�
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Table 3����%�)+)"/�%(%!,*)*��+�'"("�)&�-�!,#��-$)*#*�)(��$"���� �
��;�%(/����9�%(/��$"��)*���+��,-"�G�
/)%0"�"*�#"!!)��*�%**�&)%�"/�3)�$��$"��*"��+��$)%�)/"*1�
 Cases Controls OR* OR** SI* SI** 
ADD       
1460GG       
	�$"����� 94G� 9:4G� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 9G9� F::� 917;�

D919929167EW�
9176�

D919;2914;EW�
� �

����Q�9����� 7G� 945� 91;G�
D:14929149E�

91;7�
D:14929145E�

� �

������9����� 54� ;:;� 9174�
D91992G1::EW�

91F8�
D919F2G19;EW�

� �

1460GT/TT       
	�$"����� 9:5� 576� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 55� G4;� 9166�

D91;82G1F4EW�
9169�

D91G62G1F6EW�
91;7�

D:1642G1:;E�
91;7�

D:1662G1:7E�
����Q�9����� G:� 9G7� 9196�

D:15:29146E�
9198�

D:1852G1::E�
:147�

D:1F:29156E�
:144�

D:1FG29149E�
������9����� F5� 984� G1;8�

D91872;1;4EW�
G1G8�

D91FG2;1;7EW�
91F4�

D91::2G1F7EW�
91F;�

D:14F2G178E�
GNB3 � � � � � �
825CC       
	�$"����� 9;6� 65F� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 9:4� ;8;� 9146�

D91742G18;EW�
G1:9�

D91742G15GEW�
� �

����Q�9����� ;G� 97;� 91F8�
D91:G2G17:EW�

9188�
D91:82;18:EW�

� �

������9����� 55� GG:� G1G;�
D918G2;1:8EW�

G1GG�
D91F62;199EW�

� �

825CT/TT       
	�� 989� 48F� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 64� 7;:� 91G5�

D:14829184E�
91;8�

D91:929167EW�
:187�

D:17;2:148E�
:18G�

D:1792:14;EW�
����Q�9����� ;:� 956� 91:8�

D:15:2918GE�
91:5�

D:18429188E�
:186�

D:1;5291G7E�
:189�

D:1;;2919GE�
������9����� F4� GFG� 9179�

D91:929148EW�
91F6�

D91992G1G7EW�
:18;�

D:17:291::EW�
:187�

:17:291:GE�
ACE � � � � � �
4656 CC/CG       
	�$"����� GG7� 9;::� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 9;5� F67� 91;4�

D919:29158EW�
91;6�

D91:629156EW�
� �

����Q�9����� 75� G;7� 91G7��
D:1652915FE�

91GG�
D:16F2915FE�

� �

������9����� 4:� ;F:� 9174�
D919729148EW�

9174�
D919G29144EW�

� �

4656 GG       
	�$"����� 5F� F7:� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 89� G:4� G1GF�

D91F;2;1G4EW�
G174�

D918F2;15FEW�
91FF�

D:1442G179E�
915:�

D91:62G188EW�
����Q�9����� 9F� 65� 91;6�

D:15F2G1F;E�
9189�

D:16F2;1:;E�
91:7�

D:1FG2G1:6E�
9196�

D:1F62G1;6E�
������9����� 78� 9GG� G167�

D9168271;7EW�
;1:5�

D914727167EW�
9168�

D919;2;1:8EW�
G1::�

D91G:2;1;GEW�
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Table 3 &�(�)(�"/�
AGTR1 � � � � � �
1166AA/AC       
	�$"����� GFF� 9854� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 968� 595� 9158�

D917;2G195EW�
9154�

D917;2G1G;EW�
� �

����Q�9����� F4� ;:9� 91;6�
D91:929166EW�

91;4�
D91:92914GEW�

� �

������9����� 9G5� 798� G1:G�
D91F42G1F5EW�

G1:5�
D91892G188EW�

� �

1166CC       
	�$"����� 7;� 9F8� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 99� 5F� :1F;�

D:1G8291:4E�
:18;�

D:1G62917:E�
:1;:�

D:1972:187EW�
:1;G�

D:19F2:186EW�
����Q�9����� ;� G:� :189�

D:1952G196E�
:167�

D:1G92;17;E�
:17;�

D:19G291F5E�
:17F�

D:19G29186E�
������9����� 6� FF� :1F:�

D:1GG2919FE�
:1F5�

D:1G;29179E�
:1GF�

D:1992:18:EW�
:1G5�

D:1992:18;EW�
AGT� � � � � � �
235MM       
	�$"����� 47� 885� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 88� G46� 918;�

D919F2G1;:EW�
9159�

D91962G176EW�
� �

����Q�9����� 96� 9;8� :144�
D:1F62915:E�

91:7�
D:1F429167E�

� �

������9����� 76� 98G� G19;�
D917F2;19FEW�

G1GF�
D91762;17GEW�

� �

235MT/TT       
	�$"����� G:F� 995;� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B� � �
$)%�)/"�� 9;G� 74F� 91FF�

D91G929146EW�
91F5�

D91G92G1:;EW�
:14;�

D:1892917GE�
:14G�

D:18:29179E�
����Q�9����� 77� 96F� 9178�

D91:92G1:4EW�
9178�

D91:2G19;EW�
917:�

D:15;2G185E�
91;9�

D:1862G1FGE�
������9����� 66� ;9:� 9189�

D91G92G19EW�
918;�

D91G92G14EW�
:157�

D:178291G:E�
:15F�

D:178291G;E�
���>��%)!,��"+)("/���*"R�	�$"����>���$"��%(�)$,-"��"(*)."*�)(&!�/)('�&%!&)�#2%(�%'�()*�* �
0"�%0!�&�"�*�%(/�#)*&"!!%("��*�%(�)$,-"��"(*)."�/��'*�
V��/H�*�"/�+���&%!"(/%�,"%���
VV��/H�*�"/�+���&%!"(/%�,"%� �*"= ��0"*)�, ��*"��+�%!&�$�! �$)'$�&$�!"*�"��! �$)'$�0!��/�-�"**��" �-$,*)&%!�
%&�).)�,�%(/�*#��)('�
W�-Q:1:F�
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�"+"�"(&"*�

91 �"**"�!) � �� � 
��**#%(� � � 
�!/0����� �1� �(�)$,-"��"(*)."� �$"�%-,� )(� /)%0"�)&� $,-"��"(*)."�
-%�)"(�*1��#�O��,-"��"(*�G::9R�97>�9GY�981�

G1 
��**#%(� � � �"**"�!)� �� � 
�!/0����� �1� �)'$� 0!��/� -�"**��"� %(/� /)%0"�"*� #"!!)��*>� %�"� %!!�
%(�)$,-"��"(*)."�/��'*�&�"%�"/�"K�%!T���&$��(�"�(��"/�G:::R�98:>G775YG7FG1��

;1 �!!)���� CO � �","�� ��1� �(&)/"(�� /)%0"�"*� )(� &!)()&%!� ��)%!*� �+� %(�)$,-"��"(*)."� /��'*>� %� ("�3����
#"�%2%(%!,*)*1��%(&"��G::5R�;84>G:9YG:51����%��#�)(>��%(&"�1�G::5R�;84>9F961��

71 
��/"(� � � �$"�#%(� �� � �)#�-��!�*� ��1� 
!�&�*"� )(��!"�%(&"� 3)�$� $,-��%!"#)%>� %(� )(&�"%*"/�
-��-���)�(��+�&)�&�!%�)('�-��)(*�!)(2!)�"�&�#-�("(�1�O��!)(��(/�&�)(�!��"�%0�945GR�;7>G;FYG7:1��

F1 ��3"�OC ��0)(�O� ���*%��� ��(/�"*��1��++"&���+�"=-"�)#"(�%!�-��%**)�#�/"+)&)"(&,��(�'!�&�*"�
%(/�)(*�!)(�#"�%0�!)*#1��"�%0�!)*#�946:R�G4>746YF:G1��

81 �%-�-������ ����/���1�$)%�)/"2)(/�&"/�'!�&�*"�)(��!"�%(&"���"%�"/�3)�$�-��%**)�#1���&$��(�"�(�
�"/�9487R�99;>7:FY7:61��

51 �)!!)&$� �O � 
%�'� O � �%*�� � � �%��)*� 
� � �%��"�� ��1� $)%�)/"� /)��"�)&* � -��%**)�# � %(/� �$"�
/"."!�-#"(���+�/)%0"�"*>�%�K�%(�)�%�)."��".)"31��,-"��"(*)�(�G::8R�76>G94YGG71��

61 �%��"�� �� � �)($��(� � � ��%(/*� � � �"� O � ���!"�� O� � C$"!��(� �� � �%��)*� 
� � ��%(&%�)� �� �
��*$#%(�C� �	-%�)!�� �C�)'$��O�O�R�C���)('�
���-�+��#��$"��%�)�(%!��"%�� ���(' �%(/��!��/�
�(*�)���"1�$)%�)/"2)(/�&"/�/,*'!,&"#)%>�&%!!�+����"*"%�&$�+��#�%�3���)('�'���-�+��#��$"�(%�)�(%!�
$"%�� �!�(' �%(/�0!��/�)(*�)���"1��,-"��"(*)�(�G::6R�FG>;:Y;81��

41 .%(� C)"�"(2/"� C)H"�� �� � �%)�!%(/2.%(� /"�� �""� �� � /"� ��"�� � � ���)&�"�� �� � ����(� �� � /"�
�""�3��C ���������	 ��!�('"!�	�1��"&��)�#"(���+�-%��)&)-%(�*��$���'$�&�##�()�,�-$%�#%&)"*�
+��� %� -$%�#%&�'"("�)&� *��/,� �+� %(�)$,-"��"(*)."� /��'� ��"%�#"(�1� �$%�#� C��!/� �&)� G::6R� "2-�0�
%$"%/��+�-�)(��;:���.�G::61�

9:1 �!0"��)� �
 � �)##"�� ��1� �"+)()�)�( � /)%'(�*)*� %(/� &!%**)+)&%�)�(� �+� /)%0"�"*� #"!!)��*� %(/� )�*�
&�#-!)&%�)�(*1� �%��� 9>� /)%'(�*)*� %(/� &!%**)+)&%�)�(� �+� /)%0"�"*� #"!!)��*� -��.)*)�(%!� �"-���� �+� %�
C�	�&�(*�!�%�)�(1��)%0"���"/�9446R�9F>F;4YFF;1��

991 	�'%()�%�)�( �C�1�
�)/"!)("*�+������&!%**)+)&%�)�(�%(/�����%**)'(#"(�1�	*!� ����3%,>�C�	�
&�!!%0��%�)('�&"(��"�+������'���%�)*�)&*��"�$�/�!�',^���/)&����(&)!��(��"/)&)("* �94441�

9G1 �(%%-"(� �� � �"�"!*!"'"�*� �� � 
���*&$%!�� �C � O%(**"(� �
 � �%�!�**"(� �� � �#""�*� �O �

�/*&$%!���C ��%(��&$���"(��O ��!")(H%(*�O� ��%(��"!+��O�1��)#�!�%("��*�'"(��,-)('��+�()("�
-�!,#��-$)*#*� )(� ="(�0)��)&2#"�%0�!)�)('� "(�,#"*� 0,� #�!�)-!"=� ���� %#-!)+)&%�)�(� %(/� *)('!"�
0%*"�"=�"(*)�(1��!)(��$"#�G::7R�F:>9887Y98861��

9;1 �"!/#%(��� ��-)"�)('�C ���"."(/%(*��� ��"�.�����
 �����(��� �/"��""�3��C ��#)�*��1�$"�

!�G46�*-�-�!,#��-$)*#��+��$"��	��;�'"("�%*�%�/"�"�#)(%(���+��$"�0%*"!)("�-��/�&�)�(��+�()��)&�
�=)/"1�O��,-"��"(*�G::GR�G:>G:G;YG:G51��

971 �)!!%�/� � � )�"�� � � �)*.)�)*� � � �%����.%�� � � �%#0)"(� � � ���0�)"�� �1� �/"(�)+)&%�)�(� �+� ("3�
-�!,#��-$)*#*� �+� �$"� %(')��"(*)(� �2&�(."��)('� "(�,#"� A���B� '"(" � %(/� *��/,� �+� �$")��
�"!%�)�(*$)-� ��� -!%*#%� ���� !"."!*� 0,� �3�2[�� *"'�"'%�)�(2!)(�%'"� %(%!,*)*1��#� O� ��#� 
"("��
9448R�F6>9G86Y9G561��

9F1 �$���,� �O � �!%(/"�*� C�1� ��(��%/)�)�(%!� "-)/"#)�!�')&� %--��%&$"*� )(� �$"� %(%!,*)*� �+� '"("2
"(.)��(#"(�� )(�"�%&�)�(>�&%*"2&�(���!�*��/)"*�3)�$�(��&�(���!*_��#�O��-)/"#)�!�9448R�977>G:5Y
G9;1��

981 ��(*�� �� � �%��"�� �� � 
�"�/�� �O � ��"++"(*#")"�� OO � �$)!!)-*� �� � �)##"�#%(� �� � �"�'�*� 
�1�
��#-%�%�)."� %(�)$,-"��"(*)."� "++"&�*� �+� $,/��&$!����$)%�)/"� %(/� &$!���$%!)/�("� �(� %#0�!%���,�
%(/��++)&"�0!��/�-�"**��"1��,-"��"(*)�(�G::8R�75>;FGY;F61��

951 ��/,��O ��%�%'$�O� ��%*"��� ���!%*���1��"()(�*,*�"#�%&�).)�,�%*�%�/"�"�#)(%(���+��"*-�(*"����
��"%�#"(��)(�$,-"��"(*)�(�%(/�$"%���+%)!��"1��,-"��"(*)�(�946;R�F>;8Y7G1��

961 C")**"�� � � �)-�%� 	1� ��('2�"�#� /)��"�)&� �$"�%-,>� "++"&�*� �+� /�*"� �"/�&�)�(� �(� %(�)$,-"��"(*)."�
"++)&%&,�%(/�&��(�"��"'�!%���,�*,*�"#*1�O��%�/)�.%*&��$%�#%&�!�944GR�94>;89Y;881��

941 ��(*0"�'"��� ���!"�*�,��O1��"�%0�!)&�"++"&�*��+�%(�)$,-"��"(*)."�%'"(�*>���!"��+�*,#-%�$�%/�"(%!�
%(/��"()(2%(')��"(*)(�*,*�"#*1��%�(,(��&$#)"/"0"�'*���&$��$%�#%&�!�G::8R�;5;>G7FYGF61��
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G:1 C$)�"�C�1��(')��"(*)(2&�(."��)('�"(�,#"�)($)0)���*�)(��$"���"%�#"(���+�$,-"��"(*)�(>�%(��-/%�"1�
O��!)(��,-"��"(*�A
�""(3)&$B�G::5R�4>658Y66G1��

G91 ��(&%(� O� � �&$�!",� OC � �)!!"�� O�1� �(')��"(*)(� ��� �,-"� 9� �"&"-���� '"("� -�!,#��-$)*#*� )(�
$�#%(*>�-$,*)�!�',�%(/�-%�$�-$,*)�!�',��+� �$"�'"(��,-"*1������	-)(��"-$��!��,-"��"(*�G::9R�
9:>999Y9981��

GG1 ��("�� � � �&$3%���� 
� � �$%-#%(� �� � ��"�3)(�!"� �1� �6GF� -�!,#��-$)*#� �+� �$"� 
� -���")(�
�;2*�0�()��%(/�%(�)$,-"��"(*)."��"*-�(*"����%��$)%�)/"�/)��"�)&1��,-"��"(*)�(�G::9R�;5>5;4Y57;1��

G;1 ���#+"!/"� �� � �"$��� � � ��!�"� � � �%$!� � � �."���.� � � ���&�#`!!"�� O1� �,/��&$!����$)%�)/"�
"++)&%&,�%(/�-�!,#��-$)*#*� )(���� ����9�%(/�
��;� )(�$"%!�$, �#%!"�.�!�(�""�*1�����O��!)(�
�$%�#%&�!�G::8R�8G>94FYG:91��

G71 �)�&$"!!� � � ��*$"(�*�.%� � � �)++"��� C � �$)!)--�  � C"(�"!� ��1� $"� %(')��"(*)(� ��� �"&"-����
%(�%'�()*��.%!*%��%(�)($)0)�*�"(/��$"!)(�92)(/�&"/�.%*�&�(*��)&�)�(�)(��$"�*�)(�#)&��&)�&�!%�)�(�)(�
$�#%(*� )(� .).�>� )(+!�"(&"� �+� 
2-���")(� �;� *�0�()�� A
��;B� �6GF� -�!,#��-$)*#1� �!)(�
�$%�#%&�!�$"��G::8R�54>G57YG691��

GF1 �$%+)�  � �--"!� �O � �)!!"�� ��� ��� � �!%'� �O � �%�"�$� ��1� �$%('"*� )(� *"��#� -��%**)�#� #"/)%�"�
�$)%�)/"2)(/�&"/�/)%0"�"*1��,-"��"(*)�(�G::6R�FG>9:GGY9:G41��
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Genetic polymorphisms  

 in RAAS genes, 

association between use of ACE 

Inhibitors and ARB and the 

incidence of diabetes�



�

�

�
�
�



�

�

� � �
�
�
�

CHAPTER 3.1  

� 
"("�)&�.%�)%�)�(�)(��$"�
�"()(2�(')��"(*)(2�,*�"#�#�/)+)"*��$"�

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

 

O���(%!��+�$�#%(�$,-"��"(�)�(*�G::6R�GGA99B>�55726:�
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�F7�

�0*��%&��
�)#�
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�"�$�/*�
�(�%�("*�"/�&%*"2&�(���!�*��/, � ��"%�"/�$,-"��"(*)."�-%�)"(�*�3"�"�'"(��,-"/�+���%(')��"(*)(�
&�(."��)('� "(�,#"� A���R� )(*"��)�(A�BN/"!"�)�(A�BB � %(')��"(*)(�'"(� A�
R� �G;FB � %(/�
�(')��"(*)(� ��� �,-"292�"&"-���� A�
�9R� �9988�B1� �%*"*� �+� ("3!,� ��"%�"/� /)%0"�"*� 3"�"�
)/"(�)+)"/� 0%*"/� �(� -$%�#%&,� �"&��/*� %(/� &�(���!*� 3"�"� (��� ,"�� /��'2��"%�"/� +��� /)%0"�"*�
A&%*">&�(���!� �%�)�� 9>9:B1� �"!+2%/#)()*�"�"/� K�"*�)�((%)�"*� %(/� -$,*)&%!� "=%#)(%�)�(*� 3"�"�
�*"/����%**"**��)*��+%&���*�+���/)%0"�"*�#"!!)��*1���')*�)&��"'�"**)�(�3%*��*"/����&%!&�!%�"��$"�
�"!%�)."��)*���+�/)%0"�"*�%**�&)%�"/�3)�$�����)($)0)�����*"��"!%�)."������$"��%(�)$,-"��"(*)."�
��"%�#"(� �*��%�)+)"/�0,��$"�����'"(��,-"*1�

�"*�!�*�
�#�('�G:F�&%*"*�%(/�G:F:�&�(���!* �$�#��,'��*�9988�2&%��)"�*��+��$"��
�9�'"("�$%/�%�
*)'()+)&%(�!,� /"&�"%*"/� )(&)/"(&"� �+� /)%0"�"*� %**�&)%�"/� 3)�$� &���"(�� �*"� �+� ���� )($)0)���*�
A	�� :175D4FP��>:1G82:167EB � 3$"�"%*� �$)*� )(&)/"(&"� 3%*� )(&�"%*"/� %#�('� 9988�2%!!"!"�
&%��)"�*� A	�� 91;GD4FP��>� :1692G197EB1� $"� )(�"�%&�)�(� 	�� 3%*� ;1G9� D4FP��>91F;2815FE1�
���2��%!!"!"�&%��)"�*�$%/�%�*)'()+)&%(�!,� �"/�&"/�)(&)/"(&"��+�/)%0"�"*�%**�&)%�"/�3)�$�����
)($)0)���*��*"�A	��:18;�D4FP��>:1792:146EB �3$"�"%*����$�#��,'��"*�$%/�(���"/�&"/��)*��
A	��:14F�D4FP��>:17829148E1�$"��)*���+�/)%0"�"*�%**�&)%�"/�3)�$�����)($)0)�����*"�3%*�(���
*)'()+)&%(�!,�#�/)+)"/�0,��$"��
2�G;F�-�!,#��-$)*#1�

��(&!�*)�(*��
�"%�#"(��3)�$�����)($)0)���*�)(�$,-"��"(*)."�*�0H"&�*�*)'()+)&%(�!,��"/�&"*��$"��&&���"(&"�
�+� /)%0"�"*� )(� $�#��,'��*� 9988�2&%��)"�*� �+� �$"� �
�9� '"("� %(/� &%��)"�*� �+� �$"� ���2��
%!!"!" �0���(���)(�9988�2%!!"!"�&%��)"�*��+��$"��
�9�'"("�%(/�)(�$�#��,'��*����2��%!!"!"�
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Introduction 

�**"(�)%!�$,-"��"(*)�(�)*�&!�*"!,�%**�&)%�"/�3)�$��,-"�G�/)%0"�"*�#"!!)��*1����$�"!".%�"/�0!��/�
-�"**��"� %(/� )#-%)�"/� '!�&�*"� ��!"�%(&"� %�"� �",� &�#-�("(�*� �+� �$"� #"�%0�!)&� *,(/��#" � %�
#%H���&%�*"��+�&%�/)�.%*&�!%��#��0)/)�,�%(/�#���%!)�,�D9E1��

$"�#"�%0�!)&�"++"&�*��+� ��"%�#"(��3)�$�%(�)$,-"��"(*)."�%'"(�*�#%,�0"�("'%�)."� A/)��"�)&* �
0"�%20!�&�"�*B �("���%!� A&%!&)�#�%(�%'�()*�*B ����-�*)�)."� A���� )($)0)���*�%(/�%(')��"(*)(� ���
�,-"� 9� �"&"-���� 0!�&�"�*� A���*BB1� �� �"&"(�� #"�%2%(%!,*)*� %**"**"/� �$%�� �$"� �"!%�)."� �)*��
�"/�&�)�(��+��,-"�G�/)%0"�"*�#"!!)��*�0,�����)($)0)���*���������$"�%-,�&�#-%�"/����/)��"�)&�
�$"�%-,� 3%*� G;P� %(/� 7;P � �"*-"&�)."!,[2]1� $"� #"&$%()*#*� �$���'$� 3$)&$� ���� )($)0)���*�
%(/� ���*� �"/�&"� �$"� �)*�� �+� /)%0"�"*� #"!!)��*� �"#%)(� �(&"��%)( � %!�$��'$� *"."�%!�
#"&$%()*#* �*�&$�%*�/"&�"%*"/��"(%!�-��%**)�#�3%*�)(' �%(/�)#-��."/�)*!"��0!��/�+!�3�%(/�
-%(&�"%�)&� 0"�%2&"!!� -"�+�*)�(� 0,� �"/�&)('� %(')��"(*)(� ��2#"/)%�"/� .%*�&�(*��)&�)�(� )(� �$"�
-%(&�"%* � $%."� 0""(� -��-�*"/[3]1� ��!,#��-$)*#*� )(� �$�""� '"("*� �$%�� &�/"� +��� #%H���
&�#-�("(�*� �+� �$"� �"()(2%(')��"(*)(2*,*�"#� A���B � %(')��"(*)(�'"(� A�
B� �G;F �
%(')��"(*)(2&�(."��)('� "(�,#"� A���B� )(*"��)�(N/"!"�)�(� A�N�B � %(/� %(')��"(*)(� ��� �,-"� 9�
�"&"-����A�
�9B��9988� �#%,�)(+!�"(&"��$"��"*-�(*"�����$"*"�%(�)$,-"��"(*)."�%'"(�*�%(/�
�$�*� �$"� )(&)/"(&"��+�/)%0"�"*1�$"� %)#��+� �$)*� *��/,�3%*� ��� %**"**�3$"�$"�� �$"� %**�&)%�)�(�
0"�3""(� �$"� �*"� �+� ���� )($)0)���*� %(/� �$"� )(&)/"(&"� �+� /)%0"�"*� )*� #�/)+)"/� 0,� '"("�)&�
-�!,#��-$)*#*�)(�����'"("*1��

�"�$�/*�
Design and setting:� C"� -"�+��#"/� %� ("*�"/� &%*"2&�(���!� *��/,� %#�('� ��"%�"/� $,-"��"(*)."�
-%�)"(�*1� $"� �$%�#%&�2���0)/)�,� �"&��/� �)(�%'"� �,*�"#� A�����	2���B� 3%*� �*"/� ���
)/"(�)+,� -%�)"(�*� ��"%�"/� 3)�$� %(�)$,-"��"(*)."� /��'*1� �����	2���� !)(�*� /��'� /)*-"(*)('�
$)*���)"*� +��#� %� �"-�"*"(�%�)."� *%#-!"� �+� ���&$� &�##�()�,� -$%�#%&)"*� ��� �$"� (%�)�(%!�
�"')*��%�)�(*��+�$�*-)�%!�/)*&$%�'"*�A���B�+��#�946F��(3%�/*1�����"(�!, ��$"�0%*"�-�-�!%�)�(�
�+� �����	2���� &�."�*� %0���� G� #)!!)�(� &�##�()�,2/3"!!)('� )($%0)�%(�*� �+� %0���� F:�
-�-�!%�)�(2/"+)("/� %�"%*� )(� �$"� �"�$"�!%(/*1� �*� /%�%� +��#� �3�� -�-�!%�)�(20%*"/� *��/)"*�
�."�!%-�3)�$��$"������	2����-�-�!%�)�( ��$"*"�&��!/�0"��*"/����&�!!"&��/%�%��(�'"(��,-"*�
%(/�-��"(�)%!��)*��+%&���*�+���/)%0"�"*�#"!!)��*�A*""��)'��"�9B1�

$"� ��()���)('� ���H"&�� �(� �%�/)�.%*&�!%�� �)*�� �%&���*� 3%*� %� -�-�!%�)�(20%*"/� &��**2
*"&�)�(%!� *��/,� �+� &%�/)�.%*&�!%�� /)*"%*"� �)*�� +%&���*� &�(/�&�"/� )(� �$�""� ���&$� &)�)"*�
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A�#*�"�/%# ��%%*��)&$��%(/���"�)(&$"#B1��(���"�)(&$"# �9G 774�#"(�%(/�3�#"(�0"�3""(�
�$"�%'"��+�G:�%(/�F4�+��#�%����%!�-�-�!%�)�(��+�&)�&%�7: :::�)($%0)�%(�*�/��)('�9465����9449 �
3"�"� "=%#)("/1� �"�%)!*� $%."� 0""(� -�0!)*$"/� "!*"3$"�"[4]1� 	+� �$"*"� ��"�)(&$"#� *�0H"&�* �
4 ;;8�3"�"�%!*��!)(�"/�����$"������	2����%(/��+�F59�*�0H"&�*�0��$�-$%�#%&,��"&��/*�%(/�
'"(��,-"�/%�%�3"�"�%.%)!%0!"�+�����"%�"/�$,-"��"(*)."�*�0H"&�*1�

�(� %� -$%�#%&�'"("�)&� *��/,� )(&!�/)('� 7 46F� ��"%�"/� $,-"��"(*)."� *�0H"&�*� *-"&)+)&� '"("�)&�
-�!,#��-$)*#*�3"�"�"=%#)("/�+����$"�#�/)+)&%�)�(��+��$"�"++"&���+�%(�)$,-"��"(*)."�/��'*��(�
�$"� �)*�� �+� #,�&%�/)%!� )(+%�&�)�(� )(� %� *"!"&�)�(� �+� �����	2���� -%��)&)-%(�*(5)1� 	+� �$"*"�
7 46F�*�0H"&�* �9G5F�$%/�0��$�-$%�#%&,��"&��/*�%.%)!%0!"�%(/�'"(��,-"�/%�%�3"�"�%.%)!%0!"�
+�����"%�"/�$,-"��"(*)."�*�0H"&�*1��

�(� ���%! � 9 678� ��"%�"/� $,-"��"(*)."� -%�)"(�*� 3)�$� 0��$� -$%�#%&,� �"&��/*� %(/� '"(��,-"� /%�%�
3"�"�%.%)!%0!"�+��#�0��$�-�-�!%�)�(*1��

Data collection: $"������	2����-��.)/"*��"&��/*�&�(�%)()('��$"�(%#"��+��$"�/)*-"(*"/�
/��'* � /%,� �+� /)*-"(*)(' � (�#0"�� �+� �()�*� /)*-"(*"/ � -�"*&�)0"/� /%)!,� /�*"� %(/� �$"�
�(%��#)&%!�$"�%-"��)&%!��$"#)&%!�A��B�&�/"��+� �$"�/��'1� �(�0��$���()���)('����H"&���(�
�%�/)�.%*&�!%�� �)*�� �%&���*� %(/� �$"� -$%�#%&�'"("�)&� *��/, � /%�%� 3"�"� �0�%)("/� �(�
/"#�'�%-$)&�.%�)%0!"* �&%�/)�.%*&�!%��/)*"%*"*�%(/��)*��+%&���*1��(��$"���()���)('����H"&���(�
�%�/)�.%*&�!%���)*���%&���*����/, �."(��*�0!��/�*%#-!"*�3"�"��0�%)("/�+�������"=��%&�)�(�
3$"�"%*�)(��$"�-$%�#%&�'"("�)&�*��/,�0�&&%!�*3%0*�3"�"��*"/����&�!!"&�����1�

Genotyping:�
"(�#)&�����3%*�)*�!%�"/�+��#�-"�)-$"�%!�0!��/����0�&&%!�*3%0*�%&&��/)('����
*�%(/%�/� -��&"/��"*1� $"� '"(��,-)('� -��&"/��"� �+� �$"� �
� �G;F[6] � ���� �N�[7]� %(/�
�
�9� 9988�N�[8]� -�!,#��-$)*#* � )(� �$"� ��()���)('� ���H"&�� �(� �%�/)�.%*&�!%�� �)*��
�%&���*� ���/,� 3"�"� -�".)��*!,� /"*&�)0"/1� 
"(��,-)('� )(� �$"� -$%�#%&�'"("�)&� *��/,� 3%*�
/"�"�#)("/� �*)('� %� #�!�)-!"=� �)('!"� �%*"� �=�"(*)�(� A���B� #"�$�/1� ��!�)-!"=� ���� 3%*�
-"�+��#"/��*)('���%�*$����%*�/"*&�)0"/�0,��$"�#%(�+%&���"��A�--!)"/��)�*,*�"#*B1�$)*�
#"�$�/� 3%*� /"*&�)0"/� "%�!)"�[9] � 0��� %/%-�"/� ��� %� ("3� *"�� �+� -�!,#��-$)*#*� +��� �$"�
-$%�#%&�'"("�)&�*��/,1�$"�#�!�)-!"=�%**%,�3%*�.%!)/%�"/��(�%�*"���+�9::�����*%#-!"*��$%��
$%/� -�".)��*!,� 0""(� '"(��,-"/� 3)�$� %(� %!�"�(%�)."� �"&$()K�"R� �$)*� �"&$()K�"� &�(&"�("/� %�
#�!�)!�&�*� '"(��,-)('� %**%,� +��� &%(/)/%�"� #%��"�*� �+� &%�/)�.%*&�!%�� /)*"%*"� �)*�� A��&$"�
��!"&�!%�� �,*�"#*� �(&B� %(/� $%*� 0""(� /"*&�)0"/� )(� /"�%)!� -�".)��*!,[10]1� �!!� �$�""� ����
-�!,#��-$)*#*�3"�"� &�(&��/%(�1� �(� �$"���()���)('����H"&�� �(��%�/)�.%*&�!%���)*���%&���*�
���/, ��$"������N��-�!,#��-$)*#�3%*�/)�"&�!,�%**"**"/�3$)!"�)(��$"�-$%�#%&�'"("�)&�*��/,�
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�$"� ���� �N�� -�!,#��-$)*#� 3%*� /"�"�#)("/� 0,� /"�"&�)('� ���� 78F8X�� �0*"�."/� �(� �$"�
��%�*$���%*�����A
78F8�B1�$"�
78F8��-�!,#��-$)*#�)(��$"�;J2�(��%(*!%�"/��"')�(��+��$"�
����'"("�&�(*)*�*��+�%� �"-"�)�)�(��+�G����;���/)(�&!"��)/"* �3$)&$� )*� )(�&�#-!"�"� !)(�%'"�
/)*"K�)!)0�)�#�3)�$�����A�N�B[9, 11].  

Outcome and exposure definition: $"����&�#"��+� )(�"�"*��3%*� )(&)/"(��/)%0"�"*1��$%�#%&,�
�"&��/*�3"�"��*"/����%**"**�)(&)/"(��/)%0"�"*�A&%*"*B1��(&)/"(��&%*"*��+�/)%0"�"*�3"�"�/"+)("/�
%*��$�*"�$%.)('�%�+)�*��-�"*&�)-�)�(�+�����%!�%(�)2/)%0"�)&�/��'*����)(*�!)(�%��!"%*���("�,"%��%+�"��
�$"�/%�"��+�"(��,�)(������	2���1��%*"*�3"�"�%**)'("/�%(�)(/"=�/%�" �3$)&$�3%*�/"+)("/�%*�
�$"�/%,��$"�+)�*��%(�)2/)%0"�)&�/��'�-�"*&�)-�)�(�3%*�/)*-"(*"/1�����"%&$�&%*"�3"�*"!"&�"/�9:�
&�(���!*�3$��%!*�� �"&")."/�%(�)$,-"��"(*)."�/��'*�0���3$��3"�"�(��� A,"�B� ��"%�"/�3)�$�%(�)2
/)%0"�)&�/��'*�%���$"�)(/"=�/%�"��+��$"�&%*"1�C"��*"/��)*�2*"��*%#-!)('��+�&%*"*�%(/�&�(���!*�
3$)&$�#"%(*��$%���("�*�0H"&��#%,�*"�."�%*�&�(���!�#�!�)-!"��)#"*�+���/)++"�"(��&%*"*�%(/�%!*��
�$%��%�&�(���!�#%,�0"&�#"�%�&%*"�!%�"���(�D9GE1�

�=-�*��"����%(�)$,-"��"(*)."�/��'*�3%*�%*&"��%)("/�+��#�-$%�#%&,��"&��/*�%(/�3%*�/"+)("/�
%*� &���"(� � -%*�� ���("."���*"1�C"�%!*�� &%!&�!%�"/� �$"�/�*"��+� &���"(���*"��+����� )($)0)���*�
%&&��/)('�����$"�/"+)("/�/%)!,�/�*"�A���B �3$)&$�)*��$"�%."�%'"�/%)!,�/�*"��+�%�/��'�+���)�*�
#%)(� )(/)&%�)�(� )(� %/�!�* � %(/� )*� �"&�##"(/"/� 0,� �$"� C��!/� �"%!�$� 	�'%()�%�)�(� +��� /��'�
��)!)�%�)�(�*��/)"*�D99E1�

�(�*"(*)�).)�,�%(%!,*"*�3"�%!*��&%�"'��)�"/�*�0H"&�*�%*�&���"(���*"�*��+�����)($)0)���* ���� �
�$)%�)/"* � %(/� ��$"�� %(�)$,-"��"(*)."*� A"1'1� 0"�%20!�&�"�* � &%!&)�#2%(�%'�()*�*B1� �(� �$"*"�
%(%!,*"*��$"�'���-��+���$"��%(�)$,-"��"(*)."*�*"�."/�%*��$"��"+"�"(&"�'���-1�

Statistical analysis: �(%!,*"*�3"�"�-"�+��#"/��*)('������A."�*)�(�9G19 �������(&1 ��$)&%'�B1�
��(�)(���*� .%�)%0!"*� %�"� -�"*"(�"/� %*� #"%(� ±� *�%(/%�/� /".)%�)�(1� �".)%�)�(*� +��#� �%�/,2
C")(0"�'�"K�)!)0�)�#�3"�"�&$"&�"/��*)('�&$)2*K�%�"��"*�*1��(&�(/)�)�(%!�!�')*�)&��"'�"**)�(�
%(%!,*)*� 3%*� �*"/� ��� *��/,� �$"� %**�&)%�)�(� 0"�3""(� ���� ������	�� �*"� %(/� )(&)/"(��
/)%0"�"*1� $"( � %!!� %(%!,*"*� 3"�"� *��%�)+)"/� 0,� ���� A�N�B � �
� A�G;FB � %(/� �
�9�
A�9988�B� '"(��,-"*� ��� *��/,� )(�"�%&�)�(1� C"� &�(*)/"�"/� %'" � '"(/"� � *#��)(' � -$,*)&%!�
%&�).)�, �0�/,�#%**�)(/"=�%(/�%!&�$�!��*"�%*�-��"(�)%!�&�(+��(/"�*1��"&%�*"��+��$"�%**�#"/�
%**�&)%�)�(� �+� �$"� ���� ��� '"(��,-"� 3)�$� $)'$"�� )(&)/"(&"� �+� /)%0"�"* � �$"� ��� %(/� ���
'"(��,-"*�3"�"�'���-"/���'"�$"��)(��$"�%(%!,*)* �%(/�&��/"�%(/�%/H�*�"/�	��3"�"�&�#-��"/�
+���0��$�'���-*�*"-%�%�"!,1������$"�%(%!,*)*��+��$"��
�'"("��$"��%(/��$"���'"(��,-"*�



�$%-�"��;19�

�F6�

3"�"�%(%!,�"/���'"�$"�1��)#)!%�!, ��$"��
�9����%(/����'"(��,-"*�3"�"�'���-"/���'"�$"��
%(/�&�#-%�"/�3)�$����'"(��,-"1�

$"�-�"*"(&"�%(/�*�%�)*�)&%!�*)'()+)&%(&"��+�)(�"�%&�)�(�	��3%*��"*�"/�0,�%//)('�%(�)(�"�%&�)�(�
�"�#�A����������	��=�
��	���B�����$"�!�')*�)&��"'�"**)�(�#�/"!1�$"�)(�"�%&�)�(�	��
&%(�0"�)(�"�-�"�"/�%*��$"��%�)���+��$"�	��)(�*�0H"&�*�3)�$�%�*�*&"-�)0!"�'"(��,-"�%(/��$"�	��)(�
*�0H"&�*� 3)�$���� �$)*� '"(��,-"1� �(� )(�"�%&�)�(� 	�� �+� 9� )(/)&%�"*� (�� )(�"�%&�)�(� �(� �$"�
#�!�)-!)&%�)."�*&%!"D97E1�C"�%!*��&%!&�!%�"/��$"��"!%�)."�"=&"**��)*��/�"����)(�"�%&�)�(�A����B�
%&&��/)('�������$#%(D9GE1���������+�:�)(/)&%�"*�(��)(�"�%&�)�(��(��$"�%//)�)."�*&%!"1�

�"*�!�*�
Table 1� *$�3*� �$"� 0%*"!)("� &$%�%&�"�)*�)&*� �+� �$"� G:F� &%*"*� %(/� G:F:� &�(���!*1� �%*"*� 3"�"�
�0"*"�*)'()+)&%(�!,�#��"��+�"(��$%(�&�(���!*1�	+��$"�%(�)$,-"��"(*)."�/��'*�*��/)"/ ��(!,��$"�
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Table 1��%*"!)("�&$%�%&�"�)*�)&*��+�&%*"*�%(/�&�(���!*�
 Cases Controls P-value 

��#0"��� G:F�� G:F:�� �
�'"�A, ���B� 8G1F�A±41:B� 8G19A±416B� :176�
�%!"� F519�A995B� 8916�A9G85B� :194�
�#��)('� � � �
� �"."��*#��)('� G516�AF5B� G418�A8:5�B� �
� �%*��*#��)('� GG1:�A7FB� G71;�A744�B� :159�
� ����"(��*#��)('� GG1:�A7FB� G:17�A796B� �
	0"*)�,�A���U;:��'N#GB� ;;15�A84B� G914�A774B� :1:9W�
�$,*)&%!�%&�).)�,� � � �
� ��3�A≤�7�$���*N3""�B� 7G14�A66B� F:14�A9:7;B� :1:4�
� �"'�!%�!,�AU�7�$���*N3""�B� ;91G�A87B� GF14�AF;9B� �
�!&�$�!��*"� � � �
� ����*"��+�%!&�$�!� GF17�AFGB� 9917�AG;;B� �
� 92G�'!%**"*N3""�� 7G17�A65B� F;16�A99:GB� :1:9W�
� U�G�'!%**"*N3""�� 616�A96B� 9G1;�AGFGB� �
Current use of antihypertensive drugs � � �

����)($)0)���*� G;17�A76B� G719�A747B� :1:5�
���� 616�A96B� 419�A965B� :146�
$)%�)/"*� GF14�AF;B� 9415�A7:;B� :1:9W�
α�0!�&�"�*� :1:�A:B� :1:�A9B� :178�
β 0!�&�"�*� 751;�A45B� 7717�A49:B� :18;�
�X2*-%�)('�/)��"�)&*� G1:�A7B� 91;�AG8B� :1GG�
�%2%(�%'�()*�*� G;14�A74B� G;19�A75;B� :189�
��#0)(%�)�(�-�"-%�%�)�(*� 9G15�AG8B� 418�A948B� :198�
	�$"��%(�)$,-"��"(*)."*� :18�A9B� :1;�AFB� :178�

AGTR1 ��� 991G�AG;B� 61F�A95FB� �
� ��� 7:1F�A6;B� 771:�A4:GB� :174�
� ��� 7516�A46B� 7818�A4F8B� �
ACE� ��� G;14�A74B� G:15�A7GFB� �
� ��� 781;�A4FB� F:18�A9:;5B� :1G8�
� ��� G616�AF4B� G617�AF6GB� �

AGT� � ;:1G�A8GB� G61G�AF56B� �
� �� FF19�A99;B� F:16�A9:7GB� :19�
� ��� 9718�A;:B� G91:�A7;:B� �
���>� �"()(2%(')��"(*)(� *,*�"#R� �
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Table 2� �**�&)%�)�(� 0"�3""(� �$"� �*"� �+� ���2)($)0)���*� %(/� �$"� )(&)/"(&"� �+� /)%0"�"*� *��%�)+)"/� 0,� '"("�)&�
-�!,#��-$)*#*� )(� %(')��"(*)(� ��� �"&"-���� �,-"� 9A�
�9B � %(')��"(*)(� &�(."��)('� "(�,#"A���B� %(/�
%(')��"(*)(�'"(�A�
B�
Genotype ACE inhibitor use Cases Controls OR [95% CI] OR [95%CI]* 

�
�9���N��� �"."�� 89� F4F� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
� �%*�� 97� G7:� :1F5�D:1;9291:7E� :1F;�D:1G6291::E�
� ����"(�� ;9� G7G� 91GF�D:15429145E� 91;G�D:1692G197E�
� � Q�9����� 8� 5F� :156�D:1;;29165E� :18F�D:1G829189E�
� � ≥9����� GF� 985� 9178�D:1642G17:E� 915;�D91:G2G14FE�W�
� ��� �"."�� 84� F86� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
� �%*�� 9G� 97F� :186�D:1;8291G4E� :18F�D:1;;291G;E�
� ����"(�� 95� G7;� :1F6�D:1;;291::E�W� :175�D:1G82:167E�W�
� � Q�9����� 4� ;8� G1:8�D:14F2717FE� 916:�D:169271:9E�
� � ≥9����� 6� G:5� :1;G�D:19F2:185E�W� :1G7�D:1992:1FGE�W�
���� ��� �"."�� ;4� ;54� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
� �%*�� F� 44� :174�D:194291G6E� :176�D:195291;7E�
� ����"(�� 9F� 9:7� 917:�D:1572G187E� :14F�D:17529148E�
� � Q�9����� 5� G4� G1;F�D:1482F159E� 91FF�D:1F5271G;E�
� � ≥9����� 6� 5F� 91:7�D:1752G1;9E� :159�D:1G429157E�
� ��N��� �"."�� 4:� 566� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
� �%*�� G9� G65� :187�D:1;4291:FE� :18;�D:1;6291:FE�
� ����"(�� ;;� ;65� :15F�D:1742919;E� :18;�D:1792:146E�W�
� � Q�9����� 6� 66� :16:�D:1;52915:E� :155�D:1;82918FE�
� � ≥9����� GF� G44� :15;�D:17829198E� :1F4�D:1;82:145E�W�
�
�� N�� �"."�� 999� 4GF� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
� �%*�� G:� ;G8� :1F9�D:1;92:167E�W� :1F5�D:1;72:14FE�W�
� ����"(�� 77� ;84� :144�D:18429177E� :169�D:1FF29194E�
� � Q�9����� 97� 6F� 91;5�D:15F2G1F:E� 91G6�D:15:2G1;5E�
� � ≥9����� ;:� G67� :166�D:1F6291;FE� :185�D:17;291:8E�
� ��� �"."�� G:� G7F� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
� �%*�� 8� 8:� 91G;�D:1752;196E� 9195�D:1772;199E�
� ����"(�� 7� 9GF� :1;4�D:19;29195E� :179�D:19;291G;E�
� � Q�9����� 9� ;G� :1;6�D:1:F2G14FE� :179�D:1:F2;1GGE�
� � ≥9����� ;� 4;� :17:�D:19G291;8E� :17:�D:19G29179E�
V��/H�*�"/�+���)(/"=�/%�" ��0"*)�, ��*"��+�%!&�$�!�
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Table 3��(�"�%&�)�(*�0"�3""(�-�!,#��-$)*#*�)(��$"�����%(/����2)($)0)���*��(�%�#�!�)-!)&%�)."�*&%!"1�
 IOR (95%CI) IOR (95% CI)* 

AGTR1 CC/AC vs AA   

�%*������)($)0)�����*"� :167D:1;F2G1:9E� :156�D:1;G2914GE�
����"(������)($)0)�����*"� G195�D91:827177E�W� ;1G9�D91F;2815FE�W�

Q�9����� :1;6�D:19G291GGE� :1;G�D:19:291:8E�
≥�9����� 71F4�D91652991;E�W� 61;:�D;1G52G919E�W�

ACE DD vs II/ID � �
�%*������)($)0)�����*"� :155�D:1G82G1GFE� :16;�D:1G62G176E�
����"(������)($)0)�����*"� 9166�D:166271:9E� G1:;�D:14G27178E�

Q�9����� G14F�D:14G24178E� G188�D:1692616:E�
≥�9����� 917G�D:1F82;1F5E� 918;�D:18;271G;E�

AGT TT/MT vs MM � �
�%*������)($)0)�����*"� :17G�D:197291GGE� :1F:�D:195291F:E�
����"(������)($)0)�����*"� G1F7�D:16:261:FE� G1:;�D:18;281F:E�

Q�9����� ;1F4�D:17;2;:19E� ;1FG�D:1792;:1:E�
≥����� G1G;�D:18:261G7E� 918F�D:17728196E�

�	�>�)(�"�%&�)�(�	��
V�%/H�*�"/�+���)(/"=�/%�" ��0"*)�, ��*"��+�%!&�$�!�
W�-�Q�:1:F�



�$%-�"��;19�

� 8F�

Fig 1��!�3/)%'�%#��+�*��/,�-�-�!%�)�(1�

 

PHARMO-RLS 
 
- 2,000,000 subjects 

- pharmacy records 

- hospitalization records 

1,846 subjects included 
 
- 205 cases of incident treated diabetes mellitus 

- 2050 controls without incident treated diabetes mellitus 

571 antihypertensive drug users with RAS 
genotypes available 

1275 antihypertensive drug users with 
RAS genotypes 

available. 

Pharmacogenetic 
study 

 
- 4,985 subjects 

- questionnaire data  

- DNA    

Doetinchem cohort 
 

-9,336 subjects 

-questionnaire data 

-DNA 

-Pharmacy records 
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Renin-angiotensin-system  

polymorphisms and the association  

between use of angiotensin II  receptor 

blockers or ACE inhibitors  

and the risk of diabetes�
�
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�+� /)%0"�"*� #"!!)��*� )(� $,-"��"(*)."� -%�)"(�*� /��0!"*� �$"� �)*�� �+� &%�/)�.%*&�!%�� "."(�* �
&%�/)�.%*&�!%�� #���%!)�,� %(/� ���%!� #���%!)�,9 � G1� �� �"&"(�� #"�%2%(%!,*)*� %**"**"/� �$%�� �$"�
�"!%�)."��)*���"/�&�)�(*��+��,-"�G�/)%0"�"*�#"!!)��*�0,�%(')��"(*)(�&�(."��)('�"(�,#"�)($)0)����
A����)($)0)���*B �%(')��"(*)(��"&"-����0!�&�"��A���B&�#-%�"/����/)��"�)&��$"�%-,�3"�"�;;P �
%(/�;6P ��"*-"&�)."!,;1��!�$��'$�%�-��!"/�%(%!,*"*�*$�3"/��$%��&�#-%�"/����-!%&"0���$"*"�
�)*�*�3"�"�(���*)'()+)&%(�!,��"/�&"/ �)(/).)/�%!���)%!*�$%."�/"#�(*��%�"/�*#%!!�/"&�"%*"/��)*�*�
�+� /)%0"�"*� %**�&)%�"/� 3)�$� ���� %(/� ���� )($)0)���*71� �."(� )+� �$"�"� 3��!/� 0"� (�� �."�%!!�
0"("+)&)%!�"++"&���+�����)($)0)���*�%(/����*��(� �$"��)*���+�/)%0"�"* �*�0'���-*��+�-%�)"(�*�
/"+)("/� 0,� +��� )(*�%(&"� '"("�)&� .%�)%�)�(� #)'$�� "=-"�)"(&"� #��"� ��� !"**� 0"("+)�� +��#� �$"*"�
/��'*�3)�$��"'%�/�����$"��)*���+�/)%0"�"*1��

$"�#"&$%()*#*��$���'$�3$)&$�����)($)0)���*�%(/����*��"/�&"��$"��)*���+�/)%0"�"*�#"!!)��*�
�"#%)(��(&"��%)( �%!�$��'$�*"."�%!�#"&$%()*#* � *�&$�%*�/"&�"%*"/��"(%!�-��%**)�#�3%*�)(' �
%(/�)#-��."/�)*!"��0!��/�+!�3�%(/�-%(&�"%�)&�0"�%2&"!!�-"�+�*)�(�0,��"/�&)('�%(')��"(*)(���2
#"/)%�"/�.%*�&�(*��)&�)�(�)(��$"�-%(&�"%* �$%."�0""(�-��-�*"/F1���!,#��-$)*#*�)(�'"("*��$%��
&�/"� +��� &�#-�("(�*� �+� �$"� ���� #%,� )(+!�"(&"� �$"� �"*-�(*"� ��� �$"*"� %'"(�*� %(/� �)*�� �+�
/)%0"�"*1� � �-)"�)('� "�� %!18� +��(/� �$%�� �$"� ��� '"(��,-"� �+� �$"� %(')��"(*)(� ��� �"&"-���� �,-"� 9�
A�
�9B��9988��'"("�3%*�%**�&)%�"/�3)�$�)(&�"%*"/�*"(*)�).)�,����%(')��"(*)(���1��(�%(��$"��
*��/,�0,��$"�*%#"�%��$��*5 ��$"��"(%!�$"#�/,(%#)&�"++"&�*��+�����0!�&�%/"�)(�-%�)"(�*�3)�$�
�$"����'"(��,-"�3"�"�*#%!!"��&�#-%�"/����-%�)"(�*�3)�$��$"����'"(��,-"1��

$"*"�+)(/)('*�*�--���� �$"� )/"%� �$%�� �$"� �"*-�(*"� ������*�&��!/�0"�'"("�)&%!!,�/"�"�#)("/1�
��3"."� � (��� %!!� *��/)"*� &�(+)�#� �$"� �
�9� �9988�� -�!,#��-$)*#� %*� %(� )#-���%(��
#�/�!%���� �+� �$"� �"*-�(*"� ��� %(')��"(*)(� ��61� $"� �� %!!"!"� �+� �$"� %(')��"(*)(2&�(."��)('�
"(�,#"�A���B�)(*"��)�(N/"!"�)�(�A�N�B�-�!,#��-$)*#�3%*�+��(/����0"�%**�&)%�"/�3)�$�$)'$"��
!"."!*� �+� &)�&�!%�)('� ���4 9: � 3$)&$� $%*� 0""(� *�''"*�"/� ��� � )#-%)�� '!�&�*"� ��!"�%(&"� %(/�
"!".%�"��$"��)*���+�/"."!�-)('�/)%0"�"*991��

��".)��*!,�3"�+��(/�)(�%�*#%!!�*��/,�%#�('���"%�"/�$,-"��"(*)."*��$%�� �$"��
�9���%!!"!"�
%(/� �$"����� )(*"��)�(N/"!"�)�(�-�!,#��-$)*#�#�/)+)"/� �$"� �)*���+�/)%0"�"*�%**�&)%�"/�3)�$�
���� )($)0)���*9G1� C$"�$"�� �$"� �)*�� �+� /)%0"�"*� %**�&)%�"/� 3)�$� ���� �*"� )*� )(+!�"(&"/� 0,�
'"("�)&�-�!,#��-$)*#*�)(����2'"("*�)*��(�(�3(1��
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$"�%)#��+��$)*�*��/,�3%*�9B����%**"**�3$"�$"���$"�%**�&)%�)�(�0"�3""(��$"��*"��+�����%(/�
�$"�)(&)/"(&"��+�("3��(*"��/)%0"�"*�)*�#�/)+)"/�0,�'"("�)&�-�!,#��-$)*#*�)(�����'"("*�*�&$�
%*�%(')��"(*)(�'"(�A�
B �%(')��"(*)(�&�(."��)('�"(�,#"�A���B�%(/�%(')��"(*)(�����"&"-����
�,-"�9A�
�9B�%(/�GB����&�(+)�#�����)()�)%!�+)(/)('*�3)�$��"'%�/��������)($)0)���*1�

�"�$�/*�
Design and setting:� C"� -"�+��#"/� %� ("*�"/� &%*"2&�(���!� *��/,� %#�('� ��"%�"/� $,-"��"(*)."�
-%�)"(�*1� � $"� �$%�#%&�2���0)/)�,� �"&��/� �)(�%'"� �,*�"#� A�����	2���B� 3%*� �*"/� ���
)/"(�)+,� -%�)"(�*� ��"%�"/� 3)�$� %(�)$,-"��"(*)."� /��'*1� � �����	� !)(�*� /��'� /)*-"(*)('�
$)*���)"*� +��#� %� �"-�"*"(�%�)."� *%#-!"� �+� ���&$� &�##�()�,� -$%�#%&)"*� ��� �$"� (%�)�(%!�
�"')*��%�)�(*� �+� $�*-)�%!� /)*&$%�'"*� A���B� +��#� 946F� �(3%�/*1� � ����"(�!, � �$"� 0%*"�
-�-�!%�)�(��+������	�&�."�*�%0����G ::: :::�&�##�()�,2/3"!!)('�)($%0)�%(�*��+�%0����F:�
-�-�!%�)�(2/"+)("/� %�"%*� )(� $"� �"�$"�!%(/*1� �%�%� +��#� %� -$%�#%&�'"("�)&� *��/,� �+�
%(�)$,-"��"(*)."� /��'� ��"%�#"(�� )(&!�/)('� F 97:� %(�)$,-"��"(*)."� /��'� �*"�*� 3%*� �*"/� ���
&�!!"&�� /%�%� �(� '"(��,-"*� %(/� -��"(�)%!� �)*�� +%&���*� +��� /)%0"�"*� #"!!)��*1� �(� �$)*�
-$%�#%&�'"("�)&�*��/, �*-"&)+)&�'"("�)&�-�!,#��-$)*#*�%�"�"=%#)("/�+����$"�#�/)+)&%�)�(��+�
�$"� "++"&�� �+� %(�)$,-"��"(*)."� /��'*� �(� �$"� �)*�� �+� #,�&%�/)%!� )(+%�&�)�(� )(� %� *"!"&�)�(� �+�
�����	2����-%��)&)-%(�*9;1��--��.%!�+����$)*�*��/,�3%*��0�%)("/�+��#��$"��"/)&%!���$)&*�
��##)��""��+��$"��()."�*)�,��"/)&%!��"(�"�����"&$� �$"��"�$"�!%(/*1�

Data collection:�$"������	2����-��.)/"*��"&��/*�&�(�%)()('��$"�(%#"��+��$"�/)*-"(*"/�
/��'* � /%,� �+� /)*-"(*)(' � (�#0"�� �+� �()�*� /)*-"(*"/ � -�"*&�)0"/� /%)!,� /�*"� %(/� �$"�
�(%��#)&%!�$"�%-"��)&%!��$"#)&%!�A��B�&�/"��+��$"�/��'1�[�"*�)�((%)�"�)(+��#%�)�(�3%*�
�*"/� ��� &�!!"&�� /%�%� �(� /"#�'�%-$)&� .%�)%0!"* � &%�/)�.%*&�!%�� /)*"%*"*� %(/� �)*�� +%&���* �
3$"�"%*�0�&&%!�*3%0*�3"�"��*"/����&�!!"&�����1��

Outcome and exposure definition: $"����&�#"��+� )(�"�"*��3%*� )(&)/"(��/)%0"�"*1��$%�#%&,�
�"&��/*� %(/� *"!+2�"-���"/� K�"*�)�((%)�"� )(+��#%�)�(� 3"�"� �*"/� ��� %**"**� )(&)/"(�� /)%0"�"*�
A&%*"*B1� �(&)/"(�� &%*"*��+�/)%0"�"*�3"�"�/"+)("/� %*� �$�*"�$%.)('�%� +)�*�� -�"*&�)-�)�(� +�����%!�
%(�)2/)%0"�)&�/��'*����)(*�!)(�%��!"%*���("�,"%��%+�"���$"�/%�"��+�"(��,�)(������	2���1��%*"*�
3"�"�%**)'("/�%(�)(/"=�/%�" �3$)&$�3%*�/"+)("/�%*�")�$"���$"�/%�"��$"�+)�*��%(�)2/)%0"�)&�/��'�
-�"*&�)-�)�(� 3%*� /)*-"(*"/� ��� �$"� /%�"� �+� *"!+2�"-���"/� /)%'(�*)*� �+� /)%0"�"*� #"!!)��* �
3$)&$"."�� &%#"� +)�*�1� ���� "%&$� &%*"� 3"� *"!"&�"/� �-� ��� F� &�(���!*� 3$�� %!*�� �"&")."/�
%(�)$,-"��"(*)."�/��'*�0���3$��$%/�(���A,"�B�%�/)%'(�*)*��+�/)%0"�"*�#"!!)��*�%���$"�)(/"=�/%�"�
�+� �$"�&%*"1���0H"&�*�3$��%!�"%/,�$%/�%�/)%'(�*)*��+�/)%0"�"*�#"!!)��*�A")�$"��0%*"/��(�*"!+2
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�"-���� ��� %(�)/)%0"�)&� #"/)&%�)�(� �*"B� 0"+��"� �$",� *�%��"/� %(�)$,-"��"(*)."� /��'� �*"� 3"�"�
"=&!�/"/1�

�(� %� *#%!!� .%!)/%�)�(� *��/,� %#�('� 6;� *�0H"&�*� +��� 3$�#� '"("�%!� -�%&�)�)�("�� �"&��/*� 3"�"�
%.%)!%0!"�AG7�&%*"*�%(/�F4�&�(���!*B�3"�+��(/��$%��4915P�AGGB��+��$"�&%*"*�&��!/�0"�&�(+)�#"/�
%&&��/)('����C�	�&�)�"�)%�+���%�/)%'(�*)*��+��,-"�G�/)%0"�"*�#"!!)��*�A")�$"��%�+%*�)('�-!%*#%�
'!�&�*"U51:�##�!N!� %(/N��� �%(/�#� A(�(2+%*�)('B� 0!��/�'!�&�*"U9919�##�!N! � %(/N����*"��+�
��%!�%(�)/)%0"�)&�#"/)&%�)�(�%(/N����*"��+�)(*�!)(�%(/N�����"%�#"(��0,�/)"��%(/��"')*�"�"/�0,�%�
'"("�%!�-�%&�)�)�("��%*�$%.)('��,-"�G�/)%0"�"*�#"!!)��*B97 �3$"�"%*�9::1:P�AF4B��+��$"�&�(���!*�
$%/�(��/)%'(�*)*��+��,-"�G�/)%0"�"*�#"!!)��*1��

�=-�*��"����%(�)$,-"��"(*)."�/��'*�3%*�%*&"��%)("/�+��#�-$%�#%&,��"&��/*1��!!�*�0H"&�*�3"�"�
&���"(�� �*"�*� �+� %�� !"%*�� �("� %(�)$,-"��"(*)."� /��'1� $)%�)/"� /)��"�)&� �*"� 3%*� /"+)("/� %*�
&���"(�� A%�� �$"� )(/"=2/%�"B� ��� (��� &���"(�� A0"+��"� �$"� )(/"=2/%�"B1� ���� �*"� 3%*� /"+)("/� %*�
&���"(�� ��� (��� &���"(�� A"=&!�/)('� &���"(�� �$)%�)/"� /)��"�)&� �*"�*� %(/� &���"(�� ���� )($)0)����
�*"�*B1� ���� )($)0)���� �*"� 3%*� /"+)("/� %*� &���"(�� ��� (��� &���"(�� A"=&!�/)('� &���"(�� �$)%�)/"�
/)��"�)&�%(/�&���"(�������*"�*B1���0H"&�*�3$��3"�"�&���"(���*"�*��+�0��$�����)($)0)����%(/�
����3"�"�"=&!�/"/1���0H"&�*�3$��/)/�(���&���"(�!,��*"�%��$)%�)/" ���� ��������)($)0)��� �
0��� 3"�"� &���"(�!,� �*)('� %(��$"�� %(�)$,-"��"(*)."� /��'� *�&$� %*� 0"�%20!�&�"�*� %(/� &%!&)�#2
%(�%'�()*�*�3"�"��*"/�%*��$"��"+"�"(&"�&%�"'��,1�C"�%!*��&%!&�!%�"/��$"�/�*"��+�&���"(���*"��+�
����%(/����� )($)0)���*� %&&��/)('� ��� �$"�/"+)("/�/%)!,�/�*"� A���B �3$)&$� )*� �$"� %."�%'"�
/%)!,� /�*"� �+� %� /��'� +��� )�*� #%)(� )(/)&%�)�(� )(� %/�!�* � %(/� )*� �"&�##"(/"/� 0,� �$"� C��!/�
�"%!�$�	�'%()�%�)�(�+���/��'���)!)�%�)�(�*��/)"*9F1�

Genotyping: 
"(�#)&� ���� 3%*� )*�!%�"/� +��#� 0�&&%!� *3%0*� %&&��/)('� ��� *�%(/%�/�
-��&"/��"*1� 
"(��,-)('� 3%*� /"�"�#)("/� �*)('� %� #�!�)-!"=� �)('!"� �%*"� �=�"(*)�(� A���B�
#"�$�/1���!�)-!"=�����3%*�-"�+��#"/��*)('���%�*$����%*�/"*&�)0"/�0,��$"�#%(�+%&���"��
A�--!)"/� �)�*,*�"#*B1� � $)*� #"�$�/� 3%*� /"*&�)0"/� "%�!)"�98 � 0��� %/%-�"/� ��� %� ("3� *"�� �+�
-�!,#��-$)*#*�+����$"������	2'"("�)&*�*��/,1��$"�#�!�)-!"=�%**%,�3%*�.%!)/%�"/��(�%�*"��
�+�9::�����*%#-!"*��$%��$%/�-�".)��*!,�0""(�'"(��,-"/�3)�$�%(�%!�"�(%�)."��"&$()K�"R��$)*�
�"&$()K�"�&�(&"�("/�%�#�!�)!�&�*�'"(��,-)('�%**%,� +���&%(/)/%�"�#%��"�*��+�&%�/)�.%*&�!%��
/)*"%*"� �)*�� A��&$"� ��!"&�!%�� �,*�"#*� �(&B� %(/� $%*� 0""(� /"*&�)0"/� )(� /"�%)!� -�".)��*!,951��
$"����� A�N�B�-�!,#��-$)*#�3%*�/"�"�#)("/�0,�/"�"&�)('����78F8X���0*"�."/��(� �$"�
��%�*$���%*�����A
78F8�B1��$"����78F8X��-�!,#��-$)*#�)(��$"�;J2�(��%(*!%�"/��"')�(�
�+��$"�����'"("�&�(*)*�*��+�%��"-"�)�)�(��+�G����;���/)(�&!"��)/"*�%(/�)*�)(�&�#-!"�"�!)(�%'"�
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/)*"K�)!)0�)�#�3)�$�����A�N�B98 �961�$"�
�/"�"&�"/��(��$"���%�*$����"*"#0!"*��$"�/"!"�)�(�
%!!"!"�%(/��$"����"*"#0!"*��$"�)(*"��)�(�%!!"!"��+��$"�����'"("1�

Analysis: �(%!,*)*� 3%*� -"�+��#"/� �*)('� ����� A."�*)�(� 9G19 � ����� �(&1 � �$)&%'�B1��
��(�)(���*� .%�)%0!"*� %�"� -�"*"(�"/� %*� #"%(� \� *�%(/%�/� /".)%�)�(1� � �".)%�)�(*� +��#� �%�/,2
C")(0"�'� "K�)!)0�)�#� 3"�"� &�(*)/"�"/� �*)('� &$)2*K�%�"� �"*�*1� � �(&�(/)�)�(%!� !�')*�)&�
�"'�"**)�(�%(%!,*)*�3%*��*"/����*��/,��$"�%**�&)%�)�(�0"�3""(������*"�%(/��$"�)(&)/"(&"��+�
("3��(*"���+�/)%0"�"*1� ��!!�%(%!,*"*�3"�"�*��%�)+)"/�0,�����A
78F8�B ��
�A�G;FB �%(/�
�
�9� A�9988�B� '"(��,-"� ��� *��/,� "++"&�� #�/)+)&%�)�(1� � C"� &�(*)/"�"/� %'" � '"(/"� �
*#��)(' �-$,*)&%!�%&�).)�, �0�/,�#%**�)(/"= �%!&�$�!��*" �)(/"=�/%�" �*"!+��"-���"/�$)'$�0!��/�
-�"**��"�%(/�$,-"�&$�!"*�"��!"#)%�%*�-��"(�)%!�&�(+��(/"�*1��%*"/��(�����-�".)��*�+)(/)('*�
3"� %**�#"/� %� �"&"**)."� #�/"!� +��� �$"� )(�"�%&�)�(� 3)�$� �$"� �
�9� %(/� ���� '"("� %(/� %�
/�#)(%(�� #�/"!� +��� �$"� �
� '"("9G1� $"� )(�"�%&�)�(� 	�� 3%*� &%!&�!%�"/� 0,� %//)('� %(�
)(�"�%&�)�(� �"�#� A���� A������� )($)0)���B�=�
��	���B� ��� �$"� !�')*�)&� �"'�"**)�(�#�/"!1�
$"� )(�"�%&�)�(�	��&%(� 0"� )(�"�-�"�"/� %*� �$"� �%�)���+� �$"�	�� )(� *�0H"&�*�3)�$� %� *�*&"-�)0!"�
'"(��,-"�%(/��$"�	��)(�*�0H"&�*�3)�$�����$)*�'"(��,-"1��(�)(�"�%&�)�(�	���+�9�)(/)&%�"*�(��
)(�"�%&�)�(��(��$"�#�!�)-!)&%�)."�*&%!"941�

�"*�!�*�
���#� %� ���%!� �+� F97:� %(�)$,-"��"(*)."� /��'� �*"�* � 74;� )(&)/"(�� &%*"*� �+� �,-"� G� /)%0"�"*�
#"!!)��*�%(/�G896�&�(���!*�3$��3"�"�&���"(���*"�*��+�%(�)$,-"��"(*)."�/��'*�3"�"�)/"(�)+)"/1�
Table 1�*$�3*��$"�&$%�%&�)*�)&*��+�&%*"�%(/�&�(���!�*�0H"&�*1��)*��+%&���*�+����,-"�G�/)%0"�"*�
#"!!)��*� *�&$� %*� �0"*)�, � *"/"(�%�,� !)+"*�,!" � %(/� $,-"�&$�!"*�"��!"#)%� 3"�"� *)'()+)&%(�!,�
#��"� &�##�(� %#�('� &%*"*� �$%(� &�(���!*1� 	+� �$"� %(�)$,-"��"(*)."� /��'*� *��/)"/ � �(!,� �$"�
+�"K�"(&,��+��$)%�)/"�/)��"�)&�/)++"�"/�*)'()+)&%(�!,�0"�3""(�&%*"*�%(/�&�(���!*1��0����74P��+�
�$"�&%*"*�*�%��"/�%(�)/)%0"�)&�#"/)&%�)�(�%���$")��/%�"��+�/)%'(�*)* �3$"�"%*�F9P��+��$"�&%*"*�
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Table 1��%*"!)("�&$%�%&�"�)*�)&*��+�&%*"*�%(/�&�(���!*1�
� Cases Controls p-value 

��#0"�� 74F� G8G7� �
�'"� 8F16� 8F15� :14:G�
�"=�A�"#%!"B� 984�A;719PB� 698�A;919PB� :196F�
���U;:��'N#G� 9:G�A;F19PB� ;9:�A961:PB� Q:1::9W�
�)'$�0!��/�-�"**��"� ;5;�A6616PB� 9449�A661;PB� :155F�
�)'$�&$�!"*�"��!� � � :1::GW�
� ���#%!�
� �)'$ �/)"��
� �)'$ �/��'*�

99;�AG415PB�
59�A9618PB�

945�AF915PB�

69;�A;619PB�
G46�A971:PB�

9:G9�A761:PB�

�

�#��)('� � � :1:;9W�
� �"."��
� ����"(��
� �%*��

9:6�A;819PB�
89�AG:17PB�

9;:�A7;1FPB�

8G7�A;F1GPB�
G88�A9F1:PB�
667�A7416PB�

�

�"/"(�%�,�AQ7�$���*��+�"="�&)*"N3""�B� 9::�A;91:PB� 7:4�AG916PB� Q:1::9W�
�*"��+�%!&�$�!� � � :19:G�

� �"."���*"�
� �%*���*"����Q8'N/%,�
� 829G'N/%,�
� 9G2G7'N/%,�
� �G7'N/%,�

88�AG:16PB�
99F�A;81GPB�
7G�A9;1GPB�
8F�AG:17PB�
;:�A41FPB�

;;:�A9516PB�
F5:�A;:15PB�
G67�A9F1;PB�
7:4�AGG1:PB�
G8G�A971GPB�

�

����"(���*"�%(�)$,-"��"(*)."�/��'*�
�

� � �

� $)%�)/"�/)��"�)&*�
� �"�%0!�&�"�*�
� ����)($)0)���*�
� �G�0!�&�"�*�
� �%!&)�#�%(�%'�()*�*�
� �)*&"!!%("��*�

946�A7:1:PB�
G68�AF516PB�
988�A;;1FPB�
65�A9518PB�

9GG�AG718PB�
96�A;15PB�

54;�A;:1GPB�
97GF�AF71;PB�
654�A;;1FPB�
78G�A9518PB�
887�AGF1;PB�

69�A;19PB�

Q:1::9W�
:195;�
:145G�
:14G7�
:1568�
:1F96�

W�-�Q�:1:F�
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Table 2��**�&)%�)�(�0"�3""(�&���"(���*"��+�%(')��"(*)(�����"&"-����0!�&�"�* �����)($)0)���* ��$)%�)/"�/)��"�)&*�
%(/��$"��)*���+��,-"�G�/)%0"�"*�#"!!)��*1�
� Cases Controls OR* OR** 

	�$"��%(�)$,-"��"(*)."*� 9F;� 476� 91:�A�"+"�"(&"B� 91:�A�"+"�"(&"B�
$)%�)/"�/)��"�)&*� 946� 54;� 9187�D91;:2G1:6E�W� 9186�D91;92G198E�W�
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1. Candidate genes affecting pharmacokinetics 

1.1. CYP2C9 polymorphisms and response to sulfonylureas   
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1.2. CYP2C9, CYP2C8, CYP3A5, SLCO1B1 and CYP2D6 polymorphisms and 

response to meglitinides.  
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1.3. CYP2C8 and SLCO1B1 polymorphisms and response to thiazolidinediones 
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1.4. OCT polymorphisms and response to biguanides 
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2. Candidate genes affecting pharmacodynamics 

2.1. SUR-1 polymorphisms and response to sulfonylureas  
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2.2. IRS-1 polymorphisms and response to sulfonylureas and biguanides 
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2.3. PPAR-γ polymorphisms and response to thiazolidinediones and acarbose 
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2.4. ACDC polymorphisms and response to thiazolidinediones and acarbose 
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2.5. KCNJ11 polymorphisms and response to sulfonylurea and biguanides 
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2.6. TCF7L2 polymorphisms and response to sulfonylureas and biguanides 
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3. Candidate genes in the causal pathway 

3.1. HNF-α polymorphisms and response to sulfonylureas and biguanides 
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3.2. Lipoprotein lipase polymorphism and response to thiazolidinediones 
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Table 1 Decision table for prescribing an appropriate treatment regimen for hypertensives with increased risk 
of diabetes, taking into account polymorphisms in relevant genes 

 
AGTR1 

1166 

 
ACE 

4656// I/D 

 
AGT 
235 

 
GNB3 

825 

 
ADD 
1460 

     

Genotype 

 

 

Treatment 
A allele CC GG//D

D 
C//I 
allele MM T allele CC T allele GG T allele 

1.76 
 

0.97 
(dd) 

3.17 
(dd) 

1.35 
(dd) 

1.66 
(dd) 1.69 2.01 1.36 1.48 1.81 

Thiazides 

 

<1DDD/day 1.39* 0.84 1.61 1.22 1.04 1.46* 1.66* 1.07 1.34 1.16 

≥1DDD/day 2.07* 0.57 3.07* 1.49* 2.25* 1.63* 2.22* 1.58* 1.56* 2.26* 

1.80 
(AA) 

0.65 
(C allele) 

1.55 
 

0.77 
 

0.41 
 

1.28 
     

ACEi 

 

 

<1DDD/day 0.83 0.90 0.70 0.90 0.60 1     

0.24* 
(AA) 

1.73* 
(C allele) 

0.71 
 

0.59* 
 0.40 0.67     

≥1DDD/day 

1.05 1.51* 1.99* 0.90 1.20 1.11     

ARB 

<1DDD/day 1.01 2.72 1.12 1.09 0.71 1.30     

≥1DDD/day 0.67 24.8* 1.97 1.06 0.98 1.31     

 

* p<0.05  =>our studies have found a significant association between antihypertensive treatment and risk of diabetes 

(dd): depends on dose 

Black box: use of medication should be avoided in order to avoid the increase in risk of diabetes 

Light gray box/black letters: use of medication should be promoted in order to reduce the risk of diabetes 

Dark gray box/white letters: until no harm has been shown, use of medication is possible 

Blank box: no association has been found (neither positive nor negative), some caution needs to be taken when 

prescribing 
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