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Abstract
3FNIGXMZI��8S�HIXIVQMRI� XLI� WIRWMXMZMX]�� WTIGM½GMX]� ERH� GYX�SJJ�
ZEPYIW� JSV� MRHMGIW� HIVMZIH� JVSQ� XLI� LSQISWXEWMW�QSHIP� EW-
WIWWQIRX��,31%�JSVQYPE��XS�HMEKRSWMW�SJ�MRWYPMR�VIWMWXERGI�
YWMRK�XLI�KPYGSWI�XSPIVERGI�GYVZI�ERH�WIVYQ�JEWXMRK�MRWYPMR�HI-
XIGXMSR�MR�XLI�QYRMGMTEPMX]�SJ�%KYEWGEPMIRXIW��1I\MGS��6IWIEVGL�
HIWMKR�ERH�QIXLSHW��%� VITVIWIRXEXMZI� WEQTPI�SJ� XLI�TSTY-
PEXMSR� MR�XLI�QYRMGMTEPMX]�SJ�%KYEWGEPMIRXIW��1I\MGS��[MXLMR�E�
��	�'-��R!�����[EW�WXYHMIH�YWMRK�E�ZEPMHEXIH�WXERHEVH��XLI�
KPYGSWI�XSPIVERGI�XIWX�[MXL�MRWYPMR�HIXIVQMREXMSRW�TIVJSVQIH�
IZIV]�LSYV��ERH�E�XSXEP�SJ������WYFNIGXW�[IVI�GEXIKSVM^IH�
MRXS�LIEPXL]�ERH� WMGO�TEXMIRXW��1IEWYVIW� SJ� GIRXVEP� XIRHIR-
G]�� TIVGIRXMPIW�� 63'� GYVZI�� (YRRIXX´W� GSQTEVMWSR� XIWX� ERH�
4IEVWSR´W�GSVVIPEXMSR�XIWX�[IVI�YWIH��ERH�XLI�HMJJIVIRGIW�[IVI�
GSRWMHIVIH�WMKRM½GERX� MJ�T� �������8LI�QIER�TPYW�X[S�WXER-
HEVH�HIZMEXMSRW�[EW�GSRWMHIVIH�XLI�YTTIV�PMQMX�JSV�,31%�-6��
ERH� XLI���XL�TIVGIRXMPI�[EW�GSRWMHIVIH� XLI�YTTIV� PMQMX� JSV�
,31%�	&7�� 6IWYPXW��8LI�,31%�-6� GYX�SJJ� ZEPYI�[EW�������
ERH�,31%�	&7�[EW���	��8LI�HMEKRSWXMG�XIWX�WIRWMXMZMX]�[EW�
����	��ERH�XLI�WTIGM½GMX]�[EW������	��%�TSWMXMZI�GSVVIPEXMSR�
[EW�JSYRH��V�!���������4� ���������+PYGSWI�MRXSPIVERGI�MW�
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[LIR� XLI�TIVGIRXMPI� GSVVIPEXMSR� MW� KVIEXIV� XLER������'SRGPY-
WMSRW��8LI�,31%� JSVQYPE�ETTPMIH� XS� XLI�TSTYPEXMSR�SJ� XLI�
QYRMGMTEPMX]�SJ�%KYEWGEPMIRXIW� MW�E�HMEKRSWXMG�XIWX�[MXL�KSSH�
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Resumen 
3FNIXMZS��(IXIVQMREV�PE�WIRWMFMPMHEH��IWTIGM½GMHEH�]�ZEPSVIW�HI�
GSVXI�TEVE�PSW�uRHMGIW�HIVMZEHSW�HI�PE�JzVQYPE�HI�IZEPYEGMzR�
�,31%� HIP� QSHIPS� HI� LSQISWXEWMW�� TEVE� HMEKRzWXMGS� HI�
resistencia a la insulina mediante la curva de tolerancia de 
glucosa en suero en ayuno para la detección de insulina, en 
IP�QYRMGMTMS�HI�%KYEWGEPMIRXIW��1q\MGS��(MWIyS�HI�PE�MRZIWXM-
KEGMzR��]�QqXSHSW��7I�IWXYHMz�YRE�QYIWXVE�VITVIWIRXEXMZE�HI�
PE�TSFPEGMzR�IR�IP�QYRMGMTMS�HI�%KYEWGEPMIRXIW��1q\MGS��HIRXVS�
HI�YR�-'�HIP���	��R�!������YXMPM^ERHS�YR�IWXjRHEV�ZEPMHEHS�
�PE�TVYIFE�HI�XSPIVERGME�E�PE�KPYGSWE�GSR�PEW�HIXIVQMREGMSRIW�
HI�MRWYPMRE�VIEPM^EHSW�GEHE�LSVE��]�YR�XSXEP�HI������WYNIXSW�
JYIVSR�GEXIKSVM^EHSW�IR�TEGMIRXIW�WERSW�]�IRJIVQSW��7I�YXMPM-
^EVSR�QIHMHEW�HI�XIRHIRGME�GIRXVEP�]�TSVGIRXENIW��GYVZE�63'��
PE�TVYIFE�HI�GSQTEVEGMzR�HI�(YRRIXX��TVYIFE�HI�GSVVIPEGMzR�
HI�4IEVWSR��]�PEW�HMJIVIRGMEW�WI�GSRWMHIVEVSR�WMKRM½GEXMZEW�WM�T�
 �������0E�QIHME�QjW�HSW�HIWZMEGMSRIW�IWXjRHEV�IVE�GSRWMHI-
VEHS�IP�PuQMXI�WYTIVMSV�HI�,31%�-6��]�IP�TIVGIRXMP����JYI�GSR-
WMHIVEHS�IP�PuQMXI�WYTIVMSV�TEVE�IP�,31%�	�&7��6IWYPXEHSW��)P�
ZEPSV�HI�GSVXI�HI�,31%�-6�JYI�HI�������]�,31%�	�&7�JYI�
��	��0E�WIRWMFMPMHEH�HMEKRzWXMGE�JYI�HI�����	�]�PE�IWTIGM½-
GMHEH�JYI�HIP������	��7I�IRGSRXVz�YRE�GSVVIPEGMzR�TSWMXMZE��V�
!���������4� ���������-RXSPIVERGME�E�PE�KPYGSWE�WI�GSRWMHIVE�
TVIWIRXI� GYERHS� PE�,31%�-6� SWGMPE� IRXVI� ���� �� ������ ]� PE�
diabetes mellitus se considera presente cuando la correlación 
HI�TIVGIRXMP�IW�QE]SV�UYI������'32'097-32)7��0E�JzVQYPE�
,31%�ETPMGEHE� E� PE� TSFPEGMzR� HIP�QYRMGMTMS� HI�%KYEWGE-
lientes es una prueba diagnóstica con buena sensibilidad y 
IWTIGM½GMHEH�TEVE�IP�HMEKRzWXMGS�TVIGS^�HI�PE�VIWMWXIRGME�E�PE�
MRWYPMRE�YWERHS������GSQS�TYRXS�HI�GSVXI��LUXMÉDICA, AÑO 
10, NÚMERO 31, SEPTIEMBRE-DICIEMBRE 2015, PP 73-85

3DODEUDV�FODYH���UHVLVWHQFLD�D�OD�LQVXOLQD��+20$��SXQWR�GH�
cohorte, sensibilidad
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Introducción and theoretical
'LDEHWHV� PHOOLWXV� LV� D� PHWDEROLF� GLVRUGHU� WKDW� IROORZV� WKH� G\V-
IXQFWLRQ�RI�WKH�VHFUHWLRQ�DQG�RU�DFWLRQ�RI�LQVXOLQ��UHVXOWLQJ�LQ�K\-
perglycemia 1. It is a disease that causes various disabling compli-
cations, even when proper medical treatment is undertaken, and 
LW� LV� DFFRPSDQLHG� E\� GHWHULRUDWLRQ� LQ� WKH� TXDOLW\� RI� OLIH� 2. There 
were 171 million people with diabetes mellitus in 2000, and it is 
estimated that there will be 366 million people with the disease by 
2013 3, which explains the greater impetus in the development and 
LPSOHPHQWDWLRQ�RI�HDUO\�GLDJQRVWLF�WHFKQLTXHV�LQ�UHFHQW�\HDUV�
,QVXOLQ�UHVLVWDQFH�KDV�EHFRPH�D�VLJQLÀFDQW�LVVXH�DW�WKH�SUHYHQWL-

ve level. In 1988, Raeven proposed that insulin resistance, together 
with glucose intolerance, hyperinsulinemia, abnormal plasma lipids 
DQG�DUWHULDO�K\SHUWHQVLRQ��IRUPHG�WKH�;�V\QGURPH�4, and later ca-
lled insulin resistance syndrome and more commonly known as 
metabolic syndrome.
,QVXOLQ�UHVLVWDQFH�FDQ�EH�GHÀQHG�DV�D�UHGXFHG�UHVSRQVH�RI�WDUJHW�

tissues to insulin, as insulin resistance is linked to hyperinsulinemia. 
,QVXOLQ�UHJXODWHV�WKH�VHQVLWLYLW\�RI�LWV�WDUJHW�WLVVXHV��DQG�KLJK�LQVX-
lin levels decrease the tissue response. This insensitivity disappears 
upon removing excess hormone 5. 
2WKHU�VWXGLHV�KDYH�VKRZQ�WKDW�LQVXOLQ�UHVLVWDQFH�DQG�WKH�LPSDLU-

PHQW�RI�`�FHOO�IXQFWLRQ�DUH�DPRQJ�WKH�ÀUVW�GLVRUGHUV�LQ�WKH�SDWKR-
JHQHVLV�RI�W\SH���GLDEHWHV��%RWK�RI�WKHVH�V\PSWRPV�FDQ�EH�IRXQG�LQ�
SHRSOH�ZLWK�LPSDLUPHQW�RI�JOXFRVH�WROHUDQFH�DQG�IDVWLQJ�JOXFRVH�6,7. 
7KHUHIRUH��YDULRXV�PHWKRGRORJLHV�KDYH�EHHQ�GHYHORSHG�WR� IDFLOL-
WDWH�WKH�PHDVXUHPHQW�RI�WKHVH�SDUDPHWHUV��ZKLFK�LQFOXGH�LQVXOLQ�
resistance, insulin sensitivity and the `-cell secretion rate.
7KH�K\SHUJO\FHPLF�FODPS�LV�FRQVLGHUHG�WKH�´JROG�VWDQGDUGµ�WH-

chnique by which calculate insulin sensitivity 8,9. It is a complica-
WHG�WHFKQLTXH�WKDW�VHHNV�WR�UDLVH�IDVWLQJ�JOXFRVH�WR�����PJ�GO�DQG�
PDLQWDLQ�WKLV�JOXFRVH�FRQFHQWUDWLRQ�IRU�WZR�KRXUV�XVLQJ�FRQWLQXRXV�
JOXFRVH�LQIXVLRQ�ZLWK�FRQVWDQW�PRQLWRULQJ��,W�LV�D�GLIÀFXOW�PHWKRG�
WR�LPSOHPHQW�GXH�WR�WKH�OLPLWHG�DYDLODELOLW\�RI�WKH�DSSURSULDWH�LQV-
WUXPHQWV��DQG�LW�LV�RQO\�SHUIRUPHG�LQ�VSHFLDOL]HG�PHGLFDO�FHQWHUV�

The glucose tolerance test with serum insulin determinations 
LV�DQRWKHU�PHWKRG�IRU�HVWLPDWLQJ�LQVXOLQ�VHQVLWLYLW\�DQG�UHVLVWDQFH�
10,11��7KH�WHVW�FRQVLVWV�RI�D�FRQWLQXRXV�LQWUDYHQRXV�JOXFRVH�LQIXVLRQ��
blood samples are drawn at 60, 120 and 180 minutes, and the 
glucose and insulin concentrations are measured in each sample. 
2QFH�WKH�YDOXHV�DUH�REWDLQHG��WKH�GDWD�DUH�DQDO\]HG�DXWRPDWLFDOO\�
E\�%HUJPDQ·V�0LQLPDO�0RGHO�SURJUDP�12.
7KHUH�DUH�VLPSOH�PHWKRGV�IRU�WKH�FDOFXODWLRQ�RI�LQVXOLQ�VHQVLWL-

YLW\��LQVXOLQ�UHVLVWDQFH�DQG�HYHQ�WKH�SHUFHQWDJH�RI�IXQFWLRQDO�SDQ-
creatic `�FHOOV� XS� RQ�PHDVXULQJ� RQO\� IDVWLQJ� JOXFRVH� DQG� LQVXOLQ�
blood levels.
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7KH� ÀUVW� PHWKRG� GHYHORSHG� LV� WKH� +RPHRVWDVLV� 0RGHO� $V-
VHVVPHQW��+20$�� LQGH[�GHVFULEHG�E\�7XUQHU���� LQ�������ZKLFK�
is an accurate calculation that has been validated against hyper-
JO\FHPLF�FODPS�VWXGLHV�DQG�LV�WKHUHIRUH�ZLGHO\�XVHG��$OWKRXJK�WKH�
+20$�LQGH[�LQLWLDOO\�RQO\�FDOFXODWHG�LQVXOLQ�UHVLVWDQFH��+20$�,5���
ODWHU��ZLWK�WKH�XVH�RI�FRPSXWHU�WHFKQRORJ\��/HY\��0DWWKHZV�HW�DO�14 
UHÀQHG� WKH� FDOFXODWLRQ��PDNLQJ� LW�SRVVLEOH� WR� FDOFXODWH� WKH� WLVVXH�
VHQVLWLYLW\�WR�LQVXOLQ�UDWLR��+20$��6��DQG�WKH�%HWD�VHFUHWLRQ�UDWLR�
�+20$��%���7KH�8QLYHUVLW\�RI�2[IRUG�KDV�VRIWZDUH�DYDLODEOH�RQ�
WKH�ZHEVLWH�RI�WKH�GLDEHWHV�WHVWV�XQLW� �DYDLODEOH�RQOLQH�DW�KWWS���
ZZZ�GWX�R[�DF�XN��WKDW�SHUIRUPV�WKH�LPSURYHG�FDOFXODWLRQ��ZKLFK�
LV�NQRZQ�DV�+20$2. 

The glucose tolerance test with serum insulin determinations 
VWLOO�LV�WKH�JROG�VWDQGDUG�WR�GHWHUPLQDWH�LQVXOLQ�UHVLVWDQFH��+20$·V�
IRUPXOD�LV�IDVWHU��HFRQRPLFDO�DQG�FDQ�EH�FRQVLGHUHG�DV�VFUHHQLQJ�
WHVW��WKH�WHVW�LV�SHUIRUPHG�E\�WKH�VHUXP�GHWHUPLQDWLRQ�RI�D�IDVWLQJ�
JOXFRVH�DQG�LQVXOLQ��+20$�,5��+20$��%6�DQG�+20$��,6�DUH�
REWDLQHG�XVLQJ�WKUHH�PDWKHPDWLFDO�FDOFXODWLRQV��7KHUHIRUH� LW�ZDV�
GHFLGHG�WR�FRQGXFW�D�VWXG\�WR�GHWHUPLQDWH�WKH�SUHFLVLRQ�RI�WKLV�WHVW�
LQ�WKH�GLDJQRVLV�RI�LQVXOLQ�UHVLVWDQFH��FRQVLGHULQJ�WKDW�WKLV�PDQLIHV-
WDWLRQ�LV�WKH�SUH�SDWKRJHQLF�VWDWH�RI�W\SH���GLDEHWHV�

7KH�DLP�RI�RXU�VWXG\�ZDV�WR�GHWHUPLQH�
WKH� VHQVLWLYLW\�� VSHFLÀFLW\� DQG� FXW�RII� YD-
OXHV� IRU� LQGLFHV� GHULYHG� IURP� WKH� +20$�
IRUPXOD� LQ� WKH� PXQLFLSDOLW\� RI� $JXDVFD-
OLHQWHV�� %HFDXVH� WKH� +20$� IRUPXOD� LV�
FRQVLGHUHG�D�GLDJQRVWLF�WHVW�IRU�LQVXOLQ�UH-

)LJXUH�����6KRZV�VXFK�SORWV�WKH�QDWXUDO�KLVWRU\�RI�GLVHDVH�

sistance, and thus an early diagnostic tool 
IRU�W\SH���GLDEHWHV��LW�FDQ�DOVR�EH�FRQVLGH-
UHG�D�PHWKRG�IRU�DVVHVVLQJ�WKH�UHVSRQVH�WR�
treatment with oral hypoglycemic agents 
and insulin in patients who have diabetes 
or are glucose intolerant.
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Research design and methods

Population Selection
The study was conducted prospectively 
ZLWK�VXSSRUW�IURP�WKH�FRPSDQ\�&04�/�&��
pharmaceuticals in Aguascalientes, Ags, 
México .It was used to create a database 
with a youth-adult population aged bet-
ween 20 and 65 years. The participants 
underwent glucose tolerance tests, tole-
rance tests with insulin as control and re-
JXODU� FKHFNXSV�� 7KHLU� IDPLO\� KLVWRU\� DQG�
OLNHOLKRRG�RI�KDYLQJ�GLDEHWHV��DPRQJ�RWKHU�
IDFWRUV��ZHUH�UHFRUGHG��

The control group included volunteers 
who met the inclusion criteria mentioned 
below. Each patient was examined, and the 
IROORZLQJ�GDWD�ZHUH�FROOHFWHG��DJH��ZHLJKW��
VH[��KHLJKW��%0,��EORRG�SUHVVXUH��KLVWRU\�RI�
type 2 diabetes, obesity and hypertension. 
7KH�WRWDO�SRSXODWLRQ�IRU�WKH�PXQLFLSDOLW\�RI�
Aguascalientes was analyzed according to 
the 2010 survey conducted by the Mexi-
FDQ� 1DWLRQDO� ,QVWLWXWH� RI� 6WDWLVWLFV�� *HR-
JUDSK\�DQG�,QIRUPDWLFV��,1(*,��IRU�LWV� LQL-
tials in Spanish) (available online at http://
www.inegi.org.mx/).The survey included 
�������� SHRSOH� RI� DOO� DJHV�� 7KH� SRSXOD-
WLRQ�VDPSOH�IRU�WKH�DJH�UDQJH�RI�WKH�VWXG\�
population was obtained, which consisted 
RI� �������� SHRSOH�� ,Q� WRWDO�� ���� RI� WKH�
SDUWLFLSDQWV�ZHUH�ZRPHQ��DQG�����ZHUH�
PHQ�ZLWK�D�����FRQÀGHQFH� LQWHUYDO�DQG�
DQ� DFFHSWHG� HUURU� RI� ������ $� SRSXODWLRQ�
SUHYDOHQFH�RI����IRU�W\SH���GLDEHWHV�ZDV�
estimated according to the 2012 National 
6XUYH\�RI�+HDOWK�DQG�1XWULWLRQ�IRU�$JXDV-
calientes (available online at http://www.
ensanut.insp.mx/), resulting in a propor-
WLRQDO�VDPSOH�RI������������SDWLHQWV��
7KH� VWXG\� VXEMHFWV� ZHUH� LQIRUPHG� RI�

WKH�XVH�RI�WKHLU�GDWD�LQ�WKH�SURMHFW�WKURXJK�
DQ� LQIRUPHG�FRQVHQW�SURFHGXUH��7KH�SDU-
WLFLSDQWV�ZHUH�FODVVLÀHG�DV�KHDOWK\�SDWLHQW�
(548) and patient with insulin-resistance 
(548), as determined by a validated stan-
GDUG�DQG�SHUIRUPLQJ�WKH�JOXFRVH�WROHUDQFH�

test with insulin determinations. These pa-
WLHQWV�ZHUH�QHZO\�GLDJQRVHG�DQG�WKHUHIRUH�
had not received any treatment. The total 
population sample was 1,096 patients. 
7KH� LQFOXVLRQ� FULWHULD� ZHUH� DV� IROORZV��

YROXQWDU\� SDUWLFLSDWLRQ�� %0,� IURP� ��� WR�
���NJ�P���ZDLVW�FLUFXPIHUHQFH�DFFRUGLQJ�
WR�$73� ,,,� FULWHULD������FP� IRU�PHQ�DQG�
�� ��FP� IRU� ZRPHQ�� EORRG� SUHVVXUH� ��
������� PP+J�� QR� SUHVHQFH� RI� GLDEHWHV�
PHOOLWXV� E\� D� YDOLGDWHG� VWDQGDUG� DQG� IDV-
ting glucose and post-load glucose within 
��J�DW�����PLQ�LQ�FRQWURO�VXEMHFWV��DQG�DO-
terations in the validated standard showing 
FOHDU�VLJQV�RI�GLVHDVH�LQ�VLFN�SDWLHQWV�

In all cases, the patients underwent an 
unrestricted carbohydrate diet (minimum 
���J�GD\��IRU�WKUHH�GD\V�SULRU�WR�WKH�WHVW�
DFFRUGLQJ� WR� WKH� :+2� VWDQGDUGV�� 7KH\�
DUULYHG� DW� WKH� ODE� DIWHU� D� ��KRXU� IDVW� DW�
08:00 to undergo a glucose tolerance test 
ZLWK� D� GHWHUPLQDWLRQ� RI� LQVXOLQ� LQ� WKUHH�
hours. Waist diameter was measured be-
low the costal margin and above the iliac 
crest, and blood pressure was measured by 
personnel trained according to the techni-
TXH�SURSRVHG�E\�WKH�:+2�ZLWK�D�PDQXDO�
sphygmomanometer. A blood sample was 
GUDZQ��LQ�ZKLFK�IDVWLQJ�LQVXOLQ�DQG�JOXFR-
se were analyzed at 60, 120 and 180 min 
DIWHU�JOXFRVH�ORDG�RI���J�LQ�����PO�RI�ZD-
ter was ingested over 5 to 10 minutes. The 
patients remained at rest and seated in the 
DUHD� GHVLJQHG� IRU� JOXFRVH� WROHUDQFH� WHVWV�
GHYHORSHG�E\�&04�/�&�� SKDUPDFHXWLFDOV�
in Aguascalientes.  

Analytical Methodology 
Clinical chemistry determinations were 
SHUIRUPHG� RQ� DQ� DXWR�DQDO\]HU� �$� ���
BioSystems).The glucose levels were deter-
mined using a glucose oxidase colorimetric 
PHWKRG�ZLWK�63,1�UHDJHQWV��,62������YD-
OLGDWHG�DQG�FHUWLÀHG�WUDGHPDUN�������7KLV�
PHWKRG�ZDV�FDOLEUDWHG�ZLWK�WKH�63,1752/�
multi-calibrator and validated with normal 
and pathological controls (SPIN). Insulin 
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blood levels were measured by a chemilu-
minescence immunoassay with an Abbott 
Architect i 1000 (Abbott Diagnostic) auto-
analyzer and an Inmuno Assay Plus (Bio-
Rad, USA) internal quality control. 

The population mean plus two standard 
GHYLDWLRQV�ZDV� XVHG� DV� WKH� XSSHU� FXW�RII�
YDOXH�IRU�,5�DQG�<RXGHQ�LQGH[�XVLQJ�52&�
FXUYH�� )RU� WKH���VHFUHWLRQ� UDWHV��ZH�XVHG�
WKH� ��WK� SHUFHQWLOH� DV� WKH� ORZHU� FXW�RII�
value in the same population, we used 
the Dunnett test to compare sex and age, 

using the GraphPad Prism 5.01 data analy-
sis system.

The values were validated using the 
IROORZLQJ� +20$� IRUPXOD�� +20$�,5�  �
((glucose mg/dl)/180) (10) (insulin uU/
PO��������� +20$��%6�  � ��,QVXOLQ� X8�
PO����������JOXFRVH� PJ�GO������� +20$�
�,6� �������+20$�,5���������7KH�FXWRII�
values calculated according to whether 
WKH\� ZHUH� XSSHU� RU� ORZHU� FXW�RII� YDOXHV�
are shown below.

Results

Table 1
General characteristic of the study population in Aguascalientes.

 VALUE

N=1096 pacientes Healtly patient Insulin-resistance patient

 (n=548) (n=548)

� 0($1� 6'� 0($1� 6'
Age (years) 40 18.62 42 19.98

Waist diameter (cm) 74.5 6.9 88.5 14.5

+'/�&KROHVWHURO��PJ�GO�� ��� ����� ��� ����

Weight (kg) 70.6 10.9 87 19.8

+LJK��P�� ����� ����� ����� ����

'LDVWROLF�EORRG�SUHVVXUH��PP+J�� ��� �� ��� ���

6LVWROLF�EORRG�SUHVVXUH��PP+J�� ���� ����� ���� ����

Triglycerides (mg/dl) 139 25 198 35

Basal glucose (mg/dl) 89 5 120 23.1

Glucose at 60 min (mg/dl) 125 10.8 169 25.7

Glucose at 120 min (mg/dl) 101 9.6 132 20.1

Glucose at 180 min (mg/dl) 85 8.7 120 18.6

Insulina basal (uU/ml) 8.5 2.1 21 7.9

Insulina 60 min (uU/ml) 48.0 7.7 80.5 17.0

Insulina 120 min (uU/ml) 25.4 4.9 69.5 32.0

Insulina 180 min (uU/ml) 6.8 5.0 25 19.8

*Abbreviations: SD, Standard deviation. 

   

Cutoff Values
6WDWLVWLFDO� DQDO\VLV� UHVXOWHG� LQ� FXWRII� IRU�
+20$�,5� �������� XVLQJ� WKH� <RXGHQ� LQ-
GH[�� WKH�52&� FXUYH�� WKH� DYHUDJH� RI� WZR�

standard deviation and population 25th 
SHUFHQWLOH�� UHVXOWHG� HQ� ���� IRU� +20$�
�%6�DQG�����IRU�+20$��,6��7KH�VHOHF-
ted population was distributed by sex and 
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age range (20 to 35, 36 to 45 and 46 to 
��� \HDUV��� DQG� DIWHU� VHWWLQJ� D� FXW�RII� YD-
OXH�RI�WKH�PHDQ�SOXV�WZR�VWDQGDUG�GHYLD-
tions, the data were subjected to one-way 
$129$��7R�GHWHUPLQH�VLJQLÀFDQFH��LI�S���
����� WKH� FXW�RII� SRLQWV� IRU� WKH� VXEJURXS�
ZHUH�QRW�VLJQLÀFDQW�UHODWLYH�WR�WKH�RYHUDOO�
FXW�RII�SRLQW�IRU�WKH�HQWLUH�SRSXODWLRQ��7KH�
selected population was distributed by sex 
and age range to establish the 25th per-
FHQWLOH�DV�WKH�ORZHU�FXW�RII�SRLQW�IRU��%6��
These data were subjected to one-way 
$129$�WR�GHWHUPLQH�VLJQLÀFDQFH�DW�S���
������DQG�WKH�VXEJURXS�FXW�RIIV�ZHUH�QRW�
VLJQLÀFDQWO\�GLIIHUHQW�IURP�WKH�SRSXODWLRQ�
FXW�RII�SRLQW�

Calculated Values for the Cons-
truction of a Theoretical Chart to 
Classify Patients in Aguascalientes
7R�FODVVLI\�SDWLHQWV�XQGHUJRLQJ�D�+20$�
test as proposed by Graciela Buccini et 
al. 15�� GLIIHUHQW� FRPELQDWLRQV� RI� JOXFRVH�
DQG� LQVXOLQ� GHWHUPLQDWLRQV� ZHUH� SHUIRU-
PHG� WR�DWWDLQ� WKH� VDPH�+20$�,5��7KXV��
FDOFXODWLRQV�ZHUH�REWDLQHG�IRU�ÀYH�LVR�+2-
0$�� WZR�ZHUH� EHORZ� WKH� FXW�RII� ��������
and two were above it. We calculated the 
��LVR���%6�VHULHV�LQ�WKH�VDPH�PDQQHU��2QH�
KDG�D��%6�EHORZ�WKH�FXW�RII��������DQG�
two were above it. All calculations were 
JURXSHG� LQ� )LJXUH���� DQG�ZH� FRQVWUXFWHG�
D�FKDUW�WKDW�FODVVLÀHV�SDWLHQWV�UHFHLYLQJ�WKH�
+20$�WHVW�LQ�$JXDVFDOLHQWHV�

Table 2
Tables showing several constant iso-HOMA-IR for the construction of a theoretical chart that 
will be used to classify patients.
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Table 3
Tables showing several constant iso-HOMA-%BS for the construction of a theoretical chart that 
will be used to classify patients.

%\� SORWWLQJ� HDFK� RI� WKH� FDOFXODWHG� YD-
lues, we obtained a similar chart to that 
presented by Buccini et al.15 The area con-
VLGHUHG�QRUPDO�LV�GHOLPLWHG�E\����7KH�XS-
SHU� FXW�RII� SRLQW� IRU� +20$�,5�  � ������
DQG�WKH� ORZHU�YDOXH�RI����ZDV�XVHG�IRU�
+20$��%6� �JUHHQ� OLQH��� 6HYHUDO� DUHDV�
KDYH�EHHQ�PDUNHG�ZLWK�D�EODFN�IUDPH��

In these areas, sector 1 is above the red 
OLQH� UHSUHVHQWLQJ� WKH� KLJKHVW� +20$�,5�
DQG� DERYH� WKH� OLQH� UHSUHVHQWLQJ� +20$�
�%6��7KLV� SDWWHUQ� FRUUHVSRQGV� WR� LQFUHD-
VHG�LQVXOLQ�UHVLVWDQFH�ZLWK�LQFUHDVLQJ��%6�
RU� FRPSHQVDWRU\� LQVXOLQ� VHFUHWLRQ�� WKLV�
LV� WKH� ÀUVW� PDQLIHVWDWLRQ� RI� LQVXOLQ� UHVLV-
tance and suggest that it is important to 
pay more attention in the patients whose 
+20$�PHDVXUHPHQW�LV�LQ�WKLV�DUHD�

 In sector 2, insulin resistance is obser-
ved with diminishing beta secretion, and 
WKUHH�VXEW\SHV�FDQ�EH�LGHQWLÀHG�EDVHG�RQ�

WKH�GHJUHH�RI�K\SHUJO\FHPLD��WKH�GLPLQLV-
hing beta secretion in combination with in-
sulin resistance appears in advanced stages 
EHIRUH� GLDEHWHV�PHOOLWXV�� DQG� LW� LV� FDXVHG�
IRU�D�GLUHFW�GDPDJH�LQ�EHWD�FHOO�SURGXFHG�
E\�WR[LF�HIIHFWV�RI�JOXFRVH�DQG�OLSLGV��6HF-
tor 3 corresponds to compensatory increa-
sed beta-secretion but with normal insulin 
UHVLVWDQFH��WKLV� LQFUHDVH�HYHQ�ZLWK�QRUPDO�
glycemia and insulin appears in the inicial 
VWDJHV�RI�WUXO\�LQVXOLQ�UHVLVWDQFH��
)LQDOO\��VHFWRU���LV�GHOLPLWHG�E\�QRUPDO�

insulin resistance but decreased beta-se-
cretion, and means hyperglycemia. This 
VHFWRU�PD\�EH�FODVVLÀHG�GHSHQGLQJ�RQ�WKH�
GHJUHH�RI�K\SHUJO\FHPLD��D���E�DQG��F��$�
VXE�VHFWRU���G��ZDV�IRXQG�WKDW�KDV�UHJXODU�
insulin resistance without hyperglycemia as 
well as decreased beta secretion, which is 
FRQVLGHUHG�D�VWDWH�RI�SUH�GLDEHWHV�RU�KLJK�
insulin sensitivity.
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7IRWMXMZMX]�ERH�7TIGM½GMX]�SJ�XLI�
Homa Test in the Population of 
Aguascalientes 
When analyzing the cases by a validated 
diagnostic test, the total population was 
GHÀQHG� LQ� WKH� WUXH� SRVLWLYH� FKDUDFWHULVWLF�
FDVHV�� 6LFN� SDWLHQWV� ZHUH� LGHQWLÀHG� E\� D�
YDOLGDWHG� VWDQGDUG� DQG� SRVLWLYH� +20$�
IR (greater than 2.49), and 525cases were 
IRXQG��+HDOWK\�SDWLHQWV�ZKRVH�+20$�,5�
ZDV� DERYH� WKH� FXW�RII� ZHUH� FRQVLGHUHG�
IDOVH� SRVLWLYHV�� DQG� WKHUH� ZHUH� ��� VXFK�
FDVHV��7KRVH�SDWLHQWV�ZKR�ZHUH�FODVVLÀHG�
as healthy by a validated standard and 
ZKRVH� +20$�,5� ZDV� EHORZ� WKH� FXW�RII�
SRLQW�HVWDEOLVKHG� IRU� WKH�SRSXODWLRQ�ZHUH�
considered true negatives, and there were 
���� VXFK� SDWLHQWV� LQ� WRWDO�� )LQDOO\�� WKRVH�
patients who showed disease evidenced 
by the diagnostic standard and whose 
+20$�,5� ZDV� EHORZ� WKH� FXW�RII� SRLQW�

)LJXUH����&KDUW�SUHSDUHG�E\�GLIIHUHQW�,62�+20$�,5�DQG�,62�+20$��%6

ZHUH�FRQVLGHUHG�IDOVH�QHJDWLYHV��DQG�WKHUH�
were 23 such cases. The data were entered 
into the GraphPad Prism 5.01 data analy-
VLV�SURJUDP��DQG�WKH�IROORZLQJ�SDUDPHWHUV�
ZHUH�REWDLQHG�IRU�WKH�+20$�,5�FXW�RII� �
�PHDQ�����6'����49.
:H�IRXQG�WKDW�IRU�RXU�SRSXODWLRQ��Q� �

������DOO�RI�WKH�KHDOWK\�SDWLHQWV�LQ�WKH�PX-
QLFLSDOLW\�RI�$JXDVFDOLHQWHV��DV�GHWHUPLQHG�
by a validated standard (glucose tolerance 
test with insulin determination at 60, 120 
DQG�����PLQXWHV��DQG�FRQVLGHULQJ�D�+2-
0$�,5� FXW�RII� SRLQW� RI� ������ KDG������
VHQVLWLYLW\�� ������� VSHFLÀFLW\�� �������
SRVLWLYH�SUHGLFWLYH� YDOXH���������QHJDWL-
YH�SUHGLFWLYH�YDOXH���������SRVLWLYH� OLNH-
OLKRRG� UDWLR� DQG� D��������QHJDWLYH� OLNH-
OLKRRG�UDWLR��ZLWK�DQ�DUHD�XQGHU�WKH�52&�
FXUYH�RI���������DVVXPLQJ�S����������DQG�
D�����FRQÀGHQFH� LQWHUYDO� IURP�������WR�
0.9935.
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Study on the Population with  
insulin resistance
A validated standard was used to conduct 
D� VWXG\�RQ�JOXFRVH�DQG�+20$�,5� LQ� WKH�
SRSXODWLRQ��IRU�LQGLYLGXDOV�ZLWK�LQVXOLQ�UH-
VLVWDQFH��D�3HDUVRQ·V�WHVW�ZDV�FRQGXFWHG�WR�
determine the correlation between glucose 
DQG�+20$�,5��DQG�WKHUH�ZDV�D�VLJQLÀFDQW�
FRUUHODWLRQ�ZLWK�U� �������DQG�S����������
7KH�SHUFHQWLOHV�IRU�+20$�,5�DQG�JOX-

FRVH� ZHUH� HVWDEOLVKHG� IRU� WKH� SRSXODWLRQ�
with insulin resistance, and a percentile in 
which the glucose variable would meet the 
FULWHULD�RI�JOXFRVH�LQWROHUDQFH�DQG�GLDEHWHV�
mellitus according to the ADA criteria was 
VRXJKW������PJ�GO!JOXFRVH�!����PJ�GO��

)LJXUH����52&�FXUYH�VKRZLQJ�VHQVLWLYLW\�DQG�VSHFLÀFLW\�IRU�WKH�
SHRSOH�RI�$JXDVFDOLHQWHV�ZLWK�D�FXW�RII�SRLQW�RI������

DQG�JOXFRVH�������PJ�GO�� UHVSHFWLYHO\����
,Q� RXU� SRSXODWLRQ�� D� JOXFRVH� OHYHO!� ����
LV� LQ� WKH� ����SHUFHQWLOH�� DQG� LQ� FRQWUDVW�
ZLWK�WKH�+20$�,5�IRU�WKH�SRSXODWLRQ��WKLV�
percentile corresponds to 3.6. Likewise, 
JOXFRVH��� ���� LV� LQ� WKH� ���� SHUFHQWLOH��
LQ� FRQWUDVW� WR� WKH� SRSXODWLRQ� +20$�,5��
ZKLFK� LV�������$�JOXFRVH� OHYHO�������FR-
UUHVSRQGV�WR�WKH�����SHUFHQWLOH�DQG�LV�LQ�
FRQWUDVW� ZLWK� WKH� +20$�,5�� ZKLFK� FR-
UUHVSRQGV�WR�WKH�����SHUFHQWLOH��7KHUHIRUH��
we consider a patient to be intolerant to 
JOXFRVH� ZKHQ� WKH� +20$�,5� LV� EHWZHHQ�
3.6 to 5.78 and to have diabetes when the 
+20$�,5�LV�����
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Table 4
Percentile distribution of HOMA-IR variables and glucose-insulin-resistant from a gold standard 
population.

 
� � ,5�)HPDOH� ,5�)HPDOH� ,5�)HPDOH� ,5�0DOH� ,5�0DOH� ,5�0DOH� 3RSXODWLRQ� 3RSXODWLRQ

� � ������ ������ ������ ������ ������ ������ +20$�,5� JOXFRVH

N  91 97 145 49 79 87 548 548

���� 
percentil 3.225 3.533 3.141 3.25 3.498 3.448 3.404 98

���� 
Percentil 3.401 3.674 3.313 3.391 3.498 3.491 3.487 99

���� 
percentil 3.509 3.713 3.457 3.833 3.602 3.713 3.6 101

Media 3.852 4.433 3.947 4.479 4.113 4.167 4.167 108

���� 
Percentil 4.719 6.071 5.632 6.061 5.667 5.51 5.639 123

���� 
percentil 4.762 6.201 5.639 6.108 5.667 5.635 5.78 125

���� 
percentil 4.762 6.366 5.639 6.143 5.671 5.745 5.805 129

Multiple  Population Population Population Population Population Population 
comparison  +20$�,5� +20$�,5� +20$�,5� +20$�,5� +20$�,5� +20$�,5� �� � 
WHVW�RI�� 9V�,5�)HPDOH� 9V�,5�)HPDOH� 9V�,5�)HPDOH� 9V�,5�0DOH� 9V�,5�0DOH� 9V�,5�0DOH 
Dunnett 20-34 35-49 50-65 20-34 35-49 50-65
6LJQLÀFDQFH� 
LI��� � 1R� 1R� 1R� 1R� 1R� 1R� �� � 
3�������

Discussion
7KH� +20$�,5� PRGHO� KDV� EHHQ� ZLGHO\�
used in epidemiological studies to estima-
te insulin resistance. This model assumes 
WKDW�IDVWLQJ�EORRG�JOXFRVH� LV�UHJXODWHG�E\�
WKH� OLYHU� SURGXFWLRQ� RI� JOXFRVH�� ZKLFK� LV�
LQVXOLQ�GHSHQGHQW�� OLNH�ZLVH�� IDVWLQJ� LQVX-
OLQ�GHSHQGV�RQ�WKH�UHVSRQVH�RI�EHWD�FHOOV�WR�
JOXFRVH��7KH�+20$�,5�IRUPXOD�VKRXOG�EH�
validated in a population in which genetic 
DQG�HQYLURQPHQWDO� IDFWRUV�DUH� FRQVLGHUHG�
to take it into clinical practice 16 . The ideal 
PHWKRG�IRU�DQDO\]LQJ�WKH�+20$�IRUPXOD�
is the hyperinsulinemic-euglycemic clamp, 
ZKLFK� LV�GLIÀFXOW� WR�XVH� LQ� FOLQLFDO� ODERUD-
tories 17.

 The insulin resistance measured by the 
+20$�IRUPXOD�FRUUHODWHV�FORVHO\�ZLWK�FDU-
GLRYDVFXODU�ULVN�IDFWRUV�DQG�SUHFHGHV�W\SH�
��GLDEHWHV��LW�LV�WKHUHIRUH�D�SUHGLFWRU�RI�WKH�

condition. It is known that insulin levels are 
D� JRRG� VXUURJDWH�PDUNHU� RI� LQVXOLQ� UHVLV-
WDQFH��DQG�D�+20$�YDOXH�RI�����LV�DVVRFLD-
ted with cardiovascular disease risk, while 
D�YDOXH�RI����� LV�DVVRFLDWHG�ZLWK�D�ULVN�RI�
type 2 diabetes 18.
�7KH�+20$�IRUPXOD�KDV�EHHQ�YDOLGDWHG�

as determining insulin resistance, although 
WKHUH�LV�QR�RYHUDOO�FXW�RII�YDOXH��7KHUHIRUH��
LW�LV�QHFHVVDU\�WR�YDOLGDWH�D�FXW�RII�LQ�HDFK�
population 19. It is important to consider 
WKH� KLJK� UDQJH� RI� FXW�RIIV� WKDW�PDQ\� UH-
searchers have proposed. To compare the-
se points extrapolated to our population 
ZLWK�D�����FRQÀGHQFH�LQWHUYDO��ZH�VKRXOG�
GHWHUPLQH� WKH� VHQVLWLYLW\�� VSHFLÀFLW\� DQG�
positive likelihood ratio that these values 
ZRXOG� KDYH� LQ� RXU� FRPPXQLW\� WR� FODVVLI\�
RXU�FXW�RIIDV�UHOLDEOH��
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Lee et al.20 studied 976 Korean sub-
jects aged between 30 and 79 years and 
UHSRUWHG� D� FXW�RII� RI� ������ ZKLFK� LQ� RXU�
SRSXODWLRQ� ZRXOG� KDYH� ������� VHQVLWL-
YLW\�� ������� VSHFLÀFLW\� DQG� D� �������
positive likelihood ratio. These results are 
YHU\�VLPLODU�WR�RXUV��+RZHYHU��RXU�SURMHFW��
ZLWK�D�FXW�RII�RI�������KDV�D�3/5�RI��������
and the age range was similar to ours. This 
FXW�RIISRLQW�FRXOG�EH�UDWHG�DV�JRRG�LQ�RXU�
community.

Yeni-Komshian et al.21 presented a pa-
per studying 490 Spaniards aged between 
��� DQG� ��� \HDUV� DQG� IRXQG� D� FXW�RII� RI�
2.7, which in our population would have 
�������VHQVLWLYLW\���������VSHFLÀFLW\�DQG�
JRRG� GLDJQRVWLF� YDOXH�,W� KDV� ������� RI�
WKH�3/5��DQG� WKHUHIRUH�� WKLV�FXW�RII�YDOXH�
LV�UHMHFWHG�DV�D�VDIH�FXW�RII�RSWLRQ�IRU�RXU�
population.

Pozzan et al.22 presented a study in Rio 
de Janeiro, in which they evaluated 2,264 
Brazilian subjects aged between 4 and 93 
\HDUV� DQGUHSRUWHGWZRFXW�RII� SRLQWV�� 7KH�
ÀUVW� FXW�RII�ZDV� DOORFDWHG� WR� WKRVH�XQGHU�
��� \HDUV� RI� DJH�� EHLQJ� ����� IRU� RXU� SR-
SXODWLRQ�� ,W� KDG� ������� VHQVLWLYLW\� DQG�
�������VSHFLÀFLW\�DV�ZHOO�DV��������3/5��
WKLV�FXW�RII�SRLQW�ZRXOG�EH�FRQVLGHUHG�H[-
cellent in our population,although the age 
UDQJH�IRU�WKLV�FXW�RIÀV�QRW�VLPLODU�WR�WKDW�RI�
our patients.
,Q� FRQWUDVW�� WKH� DXWKRUV� RI� WKDW� VWXG\�

GHVFULEHG�DQ�RSWLPDO� FXW�RII�YDOXH�RI�����
IRU�WKHLU�SDWLHQWV�PRUH�WKDQ����\HDUV�ZKLFK�
ZRXOG� JLYH� D� FXW�RII� SRLQW� VHQVLWLYLW\� RI�
������DQG������ VSHFLÀFLW\� IRU� RXU� SR-
SXODWLRQ�� 7KLV� YDOXH� LV� XVHIXO� WR� GLDJQRVH�
patients with disease, but it would lead to 
SDWLHQWV�ZLWK�HDUO\� VWDJHV�RI� LQVXOLQ� UHVLV-
tance not being properly diagnosed. It is 
important to consider that the PLR would 
EH!�������ZKLFK�PDNHV�LW�D�FXW�RII�SRLQW�
with low sensitivity.

The study conducted by Bonora et al.23  
ZDV�EDVHG�RQ� WKH�DQDO\VLV�RI����� ,WDOLDQV�
aged between 40 and 79 years in whom, 

ZKHQ�FRQVLGHULQJ�WKH�ODVW�TXLQWLOH�WKH�+2-
0$�,5� FXW�RIIZDV� �����&RPSDUHG� WR� RXU�
population, this population would have 
������� VHQVLWLYLW\� DQG� ������� VSHFLÀ-
city, which are good values. ??Even so, a 
������� 3/5� VKRXOG� EH� FRQVLGHUHG�� DV� LW�
ZRXOG�QRW�EH�D�UHOLDEOH�FXW�RII�LQ�RXU�SR-
pulation. 

In Argentina, Coniglio 24 studied 135 pa-
tients aged between 40 and 60 years and 
UHSRUWHG�D�FXW�RII�RI�����:KHQ�FRPSDUHG�
WR�RXU�SRSXODWLRQ��LW�VKRZHG��������VHQ-
VLWLYLW\�������VSHFLÀFLW\�DQG�D�3/5�KLJKHU�
WKDQ�������ZKLFK�PDNHV� LW� LQDFFXUDWHIRU�
our population.

Esteghamati et al.25 studied 3,071 Ira-
nians aged between 25 and 64 and repor-
WHG�D�FXW�RII�RI�����:KHQ�FRPSDUHG�WR�RXU�
SRSXODWLRQ�� LW�VKRZHG��������VHQVLWLYLW\��
������� VSHFLÀFLW\� DQG� D� YHU\� JRRG� 3/5�
RI� �����7KLV� FXWRII� LV� JRRG� IRU� GHÀQLQJ�
healthy patients but not discriminating 
KHDOWK\�SDWLHQWV�IURP�VLFN�SDWLHQWV�

Gurmendia et al.26�UHSRUWHG�D�FXW�RII�RI�
����DIWHU� VWXG\LQJ�������&KLOHDQ�SDWLHQWV�
ROGHU�WKDQ����\HDUV��7KHLU�FXW�RII�ZDV�WKH�
VDPH�DV�RXU�GHVSLWH�WKH�DJH�UDQJH�GLIIHUHQ-
ce between the two studies. When compa-
UHG�ZLWK�RXU�SRSXODWLRQ��WKH�ÀQGLQJV�ZHUH�
������VHQVLWLYLW\���������VSHFLÀFLW\�DQG�
3/5�RI��������ZKLFK�LV�VOLJKWO\�KLJKHU�WKDQ�
what wasreported by our group.

Esteghamati et al.25 also described, in 
their study with 3,071 Iranian subjects, an 
RSWLPDO�GLDJQRVWLF�FXW�RII�RI�GLDEHWHV�SD-
WLHQWV�E\�+20$�DQG�D�SURSRVHG�D�FXW�RII�
RI�������7KLV�FXW�RII�ZDV�����LQ�RXU�SRSX-
lation based on a percentile comparison, 
ZKHUH�WKH�H[LVWLQJ�FRUUHODWLRQ�RI�WKH�+2-
MA-IR result with glucose in a population 
RI�W\SH���GLDEHWHV�SDWLHQWV�ZDV�SUHYLRXVO\�
FRQÀUPHG�E\� WKH� 3HDUVRQ·V� WHVW� �U� �����
S� �� ��������� 5RVVDQD� 27, in their study, 
described a correlation between glucose 
DQG�WKH�+20$�,5�FXW�RII�ZLWK�D�3HDUVRQ·V�
FRUUHODWLRQ�FRHIÀFLHQW�RI� �U� ������� �S���
0.0001).
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:H�EHOLHYH�WKDW�HVWDEOLVKLQJ�D�VDIH�FXW�
RII� LQ� WKH�SRSXODWLRQ�RI�$JXDVFDOLHQWHV� LV�
necessary. Currently, many people who 
undergo a test to diagnose type 2 diabe-
WHV�PHOOLWXV�FKRRVH�D�VLPSOH�IDVWLQJ�JOXFRVH�
WHVW�� DQG�ZKHQ� QRUPDO� YDOXHV� DUH� IRXQG��
the patient trusts the outcome. It is neces-
sary to remember, however, that abnormal 
IDVWLQJ�JOXFRVH�ZLOO� DSSHDU����\HDUV�DIWHU�
D�VHOI�UHJXODWLQJ�PHFKDQLVP�VXFK�DV�K\SH-
rinsulinemia has been triggered. 

A basal insulin study can be suggested 
DW�WKH�VDPH�WLPH�DV�D�IDVWLQJ�JOXFRVH�WHVW��
and it has more diagnostic value when the 

+20$�IRUPXOD�LV�FDOFXODWHG��DV�LQGLFDWRUV�
ZLOO�JLYH�D�UHDO�SLFWXUH�RI�ZKDW�LV�KDSSHQLQJ�
with endogenous hepatic glucose produc-
tion, insulin sensitivity in peripheral tissues, 
HWF��+RZHYHU��ZH�VKRXOG�UHPHPEHU�WKDW�LQ�
WKH� HDUO\� VWDJHV� RI� LQVXOLQ� UHVLVWDQFH�� DH-
robic exercise induces muscles to continue 
the carbohydrate metabolic pathway, and 
innovative studies report that exercise in-
FUHDVHV� WKH� DPRXQW� RI� F$03� ZLWKLQ� WKH�
cell. This cAMP is essential in mobilizing 
YHVLFOHV�FRQWDLQLQJ�WKH�*OXW���FKDQQHOV�IRU�
glucose uptake into the cell 28.
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