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AďstraĐt 

Adipose tissue plaǇs esseŶtial ŵetaďoliĐ ƌoles, Ŷot oŶlǇ seƌǀiŶg as ŵassiǀe eŶeƌgǇ 
ƌeseƌǀoiƌ ďut also pƌoduĐiŶg aŶd ƌeleasiŶg hoƌŵoŶes aŶd otheƌ ďiologiĐallǇ aĐtiǀe 
ŵoleĐules that ƌegulate seǀeƌal ŵetaďoliĐ aĐtiǀities. AdipoĐǇtes seĐƌete a ǀaƌietǇ of 
faĐtoƌs, ƌefeƌƌed to as adipokiŶes. CuƌƌeŶt ƌeseaƌĐh has ideŶtified oǀeƌ ϱϬ adipoĐǇte-
seĐƌeted faĐtoƌs, aŶd ŵoƌe aƌe Ǉet to ďe disĐoǀeƌed. IŶ oďesitǇ, iŶĐƌeased pƌoduĐtioŶ of 
 pƌo-iŶflaŵŵatoƌǇ adipokiŶes aŶd diŵiŶished sǇŶthesis of aŶti-iŶflaŵŵatoƌǇ faĐtoƌs 
iŵpaĐts oŶ ŵultiple fuŶĐtioŶs suĐh as appetite aŶd eŶeƌgǇ ďalaŶĐe, iŵŵuŶitǇ, iŶsuliŶ 
seŶsitiǀitǇ, aŶgiogeŶesis, ďlood pƌessuƌe aŶd lipid ŵetaďolisŵ. All aƌe liŶked ǁith higheƌ 
ƌisk foƌ ĐaƌdioǀasĐulaƌ disease. Vaƌious adipoĐǇte-ƌeleased ĐoŵpouŶds pƌofouŶdlǇ affeĐt 
iŶsuliŶ seŶsitiǀitǇ aŶd ŵight poteŶtiallǇ liŶk oďesitǇ-ƌelated diseases, iŶĐludiŶg 
atheƌosĐleƌotiĐ ĐaƌdioǀasĐulaƌ disease, tǇpe Ϯ diaďetes ŵellitus, hǇpeƌteŶsioŶ, 
dǇslipidaeŵia aŶd iŶsuliŶ ƌesistaŶĐe. 

This ƌeǀieǁ aiŵs to pƌeseŶt soŵe of the ƌeĐeŶt topiĐs of seleĐted adipokiŶe ƌeseaƌĐh that 
ŵaǇ ďe of paƌtiĐulaƌ iŵpoƌtaŶĐe. 

IntroduĐtion 

AďdoŵiŶal fat aĐĐuŵulatioŶ has ďeeŶ shoǁŶ to plaǇ esseŶtial ƌole iŶ the deǀelopŵeŶt of 
ŵetaďoliĐ sǇŶdƌoŵe [ϭ]. The ŵetaďoliĐ sǇŶdƌoŵe, a Đlusteƌ of ŵetaďoliĐ disoƌdeƌs ofteŶ 
assoĐiated ǁith ǀisĐeƌal oďesitǇ, iŶĐƌeases ĐaƌdioǀasĐulaƌ ŵoƌtalitǇ aŶd ŵoƌďiditǇ. As the 
ďodǇ's laƌgest eŶdoĐƌiŶe oƌgaŶ, adipose tissue Ŷot oŶlǇ stoƌes eǆĐess eŶeƌgǇ, ďut also 
sǇŶthesizes aŶd ƌeleases seǀeƌal ďioaĐtiǀe ŵoleĐules Ŷaŵed "adipokiŶes" [ϭ,Ϯ]. The teƌŵ 
"adipokiŶes" is ƌestƌiĐted to peptides aŶd pƌoteiŶs seĐƌeted fƌoŵ adipoĐǇtes, eǆĐludiŶg 
sigŶals ƌeleased oŶlǇ ďǇ the otheƌ Đell tǇpes ;suĐh as ŵaĐƌophagesͿ iŶ adipose tissue [ϯ]. 

Oďese patieŶts, paƌtiĐulaƌlǇ those ǁith ǀisĐeƌal fat aĐĐuŵulatioŶ, haǀe diŵiŶished plasŵa 
leǀels of adipoŶeĐtiŶ, the ŵost aďuŶdaŶt pƌoteĐtiǀe adipose-speĐifiĐ adipokiŶe[ϰ]. 

 VisĐeƌal fat aĐĐuŵulatioŶ  is ĐloselǇ ƌelated to the deǀelopŵeŶt of  ĐaƌdioǀasĐulaƌ disease 
aŶd oďesitǇ-ƌelated disoƌdeƌs suĐh as hǇpeƌteŶsioŶ, hǇpeƌlipideŵia, diaďetes ŵellitus 
[ϭ,Ϯ] as shoǁŶ oŶ Figuƌe ϭ [ϱ] 
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Figuƌe ϭ. VisĐeƌal fat  ƌelatioŶs to  the ŵetaďoliĐ sǇŶdƌoŵe ;ϱͿ.   

Adipose tissue has  loŶg ďeeŶ ƌegaƌded as aŶ oƌgaŶ the sole puƌpose of ǁhiĐh ǁas to 
stoƌe eǆĐess eŶeƌgǇ as tƌiglǇĐeƌides, aŶd ƌelease eŶeƌgǇ as fƌee fattǇ aĐids, ǁhiĐh itself is 
aŶ esseŶtial self-defeŶse sǇsteŵ foƌ suƌǀiǀal duƌiŶg staƌǀatioŶ [ϲ,ϳ,ϴ].  This poiŶt of ǀieǁ 
has Ŷoǁ ĐhaŶged, fat tissue has eŵeƌged as aŶ eŶdoĐƌiŶe aŶd seĐƌetoƌǇ oƌgaŶ affeĐtiŶg 
ŵoƌe thaŶ oŶe ŵetaďoliĐ pathǁaǇ [ϯ,ϵ,ϭϬ]. Its ŵajoƌ eŶdoĐƌiŶe fuŶĐtioŶ is seĐƌetiŶg 
seǀeƌal hoƌŵoŶes, ŶotaďlǇ leptiŶ aŶd adipoŶeĐtiŶ. Also adipose tissue ƌeleases  
adipokiŶes iŶǀolǀed iŶ iŶflaŵŵatioŶ aŶd heŵostasis : gƌoǁth faĐtoƌs ; TNFα, tƌaŶsfoƌŵiŶg 
gƌoǁth faĐtoƌ-ďeta, Ŷeƌǀe gƌoǁth faĐtoƌ, VEGFͿ, ĐǇtokiŶes  ; IL-ϭβ, IL-ϲ, IL-ϭϬͿ, 
ĐheŵokiŶes  ;IL-ϴͿ, aĐute-phase pƌoteiŶs  ;haptogloďiŶ, seƌuŵ aŵǇloid AͿ aŶd  
pƌothƌoŵďotiĐ faĐtoƌ ;plasŵiŶogeŶ aĐtiǀatoƌ iŶhiďitoƌ-ϭͿ [ϯ,ϵ]. 

It is Ŷoǁ ǁell aĐkŶoǁledged that the ĐoŶseƋueŶĐes of oďesitǇ, paƌtiĐulaƌlǇ diaďetes aŶd 
ĐaƌdioǀasĐulaƌ diseases, aƌe iŶflueŶĐed to a gƌeat eǆteŶt ďǇ the aĐtioŶs of adipokiŶes. 
PƌoduĐtioŶ of pƌo-iŶflaŵŵatoƌǇ  adipokiŶes  is iŶĐƌeased iŶ oďesitǇ ǁhiĐh  has led to the 
ǀieǁ that ĐhƌoŶiĐ loǁ-gƌade iŶflaŵŵatioŶ is a ĐhaƌaĐteƌistiĐ featuƌe iŶ the oďese suďjeĐts 
aŶd that this liŶks ĐausallǇ to iŶsuliŶ ƌesistaŶĐe aŶd the ŵetaďoliĐ sǇŶdƌoŵe [ϯ,ϭϭ]. 

AŵoŶg ǀaƌious adipoĐǇte-seĐƌeted faĐtoƌs adipoŶeĐtiŶ aŶd ǀisfatiŶ appeaƌ as iŶsuliŶ-
seŶsitisiŶg adipokiŶes, ǁheƌeas TNF-α, IL-ϲ aŶd ƌesistiŶ  aƌe ĐoŶsideƌed as ĐoŵpouŶds 
iŶĐƌeasiŶg iŶsuliŶ ƌesistaŶĐe. Moƌeoǀeƌ, leptiŶ ƌegulates apetite aŶd eŶeƌgǇ ďalaŶĐe 
[ϰ,ϴ,ϭϮ]. 
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AdiponeĐtin 

AdipoŶeĐtiŶ seeŵs to ďe  the ŵost iŶteƌestiŶg aŶd pƌoŵisiŶg ďiologiĐallǇ aĐtiǀe ŵoleĐule 
ƌeleased fƌoŵ fat Đells siŶĐe it has pƌofouŶd pƌoteĐtiǀe aĐtioŶs iŶ the pathogeŶesis of 
diaďetes ŵellitus aŶd ĐaƌdioǀasĐulaƌ disease. This pƌoteiŶ is also Đalled ADIPOQ, gelatiŶ-
ďiŶdiŶg pƌoteiŶ Ϯϴ, AĐƌpϯϬ. It ǁas disĐoǀeƌed iŶ ϭϵϵϱ, at aďout the saŵe tiŵe as leptiŶ, as 
a pƌoduĐt of the adipose tissue ŵost aďuŶdaŶt geŶe tƌaŶsĐƌipt [ϭϭ,ϭϯ]. 
AdipoŶeĐtiŶ, a pƌoteiŶ sǇŶthesized alŵost eǆĐlusiǀelǇ ďǇ fat Đells, plaǇs aŶ iŵpoƌtaŶt  ƌole 
iŶ the ƌegulatioŶ of ǁhole ďodǇ eŶeƌgǇ hoŵeostasis, gluĐose aŶd lipid ŵetaďolisŵ aŶd 
aŶti-iŶflaŵŵatoƌǇ ƌespoŶses iŶ the ǀasĐulaƌ sǇsteŵ [ϭϰ,ϭϱ,ϭϲ]. HuŵaŶ plasŵa 
adipoŶeĐtiŶ ĐoŶĐeŶtƌatioŶ is aďout ϭϬϬϬ tiŵes higheƌ thaŶ those of aŶǇ otheƌ hoƌŵoŶe 
aŶd is higheƌ iŶ ǁoŵeŶ thaŶ iŶ ŵeŶ. AdipoŶeĐtiŶ leǀels aƌe deĐƌeased iŶ oďesitǇ, suďjeĐts 
ǁith  iŶsuliŶ ƌesistaŶĐe, tǇpe Ϯ diaďetes aŶd dǇslipideŵia aŶd aƌe paƌtiĐulaƌlǇ loǁ iŶ 
suďjeĐts ǁith ĐoƌoŶaƌǇ aƌteƌǇ disease. AdipoŶeĐtiŶ iŶĐƌeases iŶsuliŶ seŶsitiǀitǇ iŶ ǀaƌious 
ŵodels of iŶsuliŶ ƌesistaŶĐe aŶd iŶ ǀitƌo iŶĐƌeases the aďilitǇ of suď-phǇsiologiĐ leǀels of 
iŶsuliŶ to suppƌess gluĐose pƌoduĐtioŶ iŶ isolated hepatoĐǇtes. This pƌoteiŶ iŶteŶsifies 
peƌipheƌal tissues seŶsitiǀitǇ to iŶsuliŶ aŶd its defiĐieŶĐǇ ĐaŶ ĐoŶtƌiďute to the 
deǀelopŵeŶt of iŶsuliŶ ƌesistaŶĐe iŶ tǇpe Ϯ diaďetes aŶd oďesitǇ [ϭϰ,ϭϲ,ϭϳ]. 
The ŵost iŵpoƌtaŶt featuƌe of  adipoŶeĐtiŶ is its loǁeƌ eǆpƌessioŶ  iŶ the adipose tissue 
aŶd  loǁeƌ ĐoŶĐeŶtƌatioŶ iŶ plasŵa iŶ oǀeƌǁeight, oďese aŶd diaďetiĐ patieŶts. 
Plasŵa adipoŶeĐtiŶ is ŶegatiǀelǇ Đoƌƌelated ǁith the BMI, ǀisĐeƌal fat ǀoluŵe, ǁaist/hip 
ƌatio, fastiŶg plasŵa iŶsuliŶ, plasŵa gluĐose aŶd tƌiglǇĐeƌide ĐoŶĐeŶtƌatioŶs [ϭϲ,ϭϴ,ϭϵ]. 
Fuƌtheƌŵoƌe, it positiǀelǇ Đoƌƌelates ǁith HDL-Đholesteƌol leǀel [ϮϬ]. 
AdipoŶeĐtiŶ is also iŶǀolǀed iŶ the ƌegulatioŶ of eŶeƌgǇ ďalaŶĐe aŶd ďodǇ ǁeight aŶd it 
ƌeduĐes ǁeight gaiŶ. Weight loss leads to iŶĐƌeased leǀels of that adipokiŶe  iŶ plasŵa. 
Oďese patieŶts ǁho ƌeĐeiǀed gastƌiĐ paƌtitioŶ suƌgeƌǇ ;gastƌiĐ stapliŶgͿ shoǁed a Ϯϭ% 
ƌeduĐtioŶ iŶ ŵeaŶ BMI  that ǁas aĐĐoŵpaŶied ďǇ  ϰϲ%, iŶ aǀeƌage,  iŶĐƌease iŶ plasŵa 
adipoŶeĐtiŶ ǀalues. 
AdipoŶeĐtiŶ plaǇs aŶ iŵpoƌtaŶt ƌole iŶ the ƌegulatioŶ of lipid ŵetaďolisŵ ;iŶĐƌeases fuel 
oǆidatioŶͿ aŶd ĐaƌďohǇdƌate ŵetaďolisŵ ;iŵpƌoǀes hepatiĐ iŶsuliŶ seŶsitiǀitǇͿ. 
AdipoŶeĐtiŶ  has ďeeŶ shoǁŶ to eǆeƌt aŶti-iŶflaŵŵatoƌǇ aŶd aŶti-atheƌogeŶiĐ pƌopeƌties 
ǁithiŶ the aƌteƌies aŶd thus ŵaǇ ŶegatiǀelǇ ŵodulate the pƌoĐess of atheƌogeŶesis 
[ϲ,ϴ,ϵ,ϭϭ,ϭϲ,ϭϴ,ϭϵ]. The iŵpoƌtaŶĐe of adipokiŶes, espeĐiallǇ foĐusiŶg oŶ adipoŶeĐtiŶ, is 
disĐussed ǁith ƌespeĐt to ĐaƌdioǀasĐulaƌ disease. High ĐoŶĐeŶtƌatioŶs of adipoŶeĐtiŶ aƌe 
fouŶd iŶ the ďloodstƌeaŵ iŶside the ǀasĐulaƌ ǁalls. Matsuzaǁa et al.  haǀe shoǁŶ that 
adipoŶeĐtiŶ ĐaŶ eŶteƌ the ǀasĐulaƌ ǁalls,  ďiŶd speĐifiĐallǇ to ĐollageŶ tǇpes I, III, V aŶd 
VIII pƌeseŶt iŶ the ǀasĐulaƌ iŶtiŵa aŶd seleĐtiǀelǇ aĐĐuŵulate iŶ iŶjuƌed ǀessel ǁalls, 
iŶdiĐatiŶg that it ŵaǇ ďe iŶǀolǀed iŶ the ƌepaiƌ pƌoĐess of daŵaged ǀasĐulatuƌe [ϲ]. 
ReĐeŶt studies suggest that adipoŶeĐtiŶ ŵaǇ plaǇ a ƌole iŶ the ŵodulatioŶ of 
iŶflaŵŵatoƌǇ ǀasĐulaƌ ƌespoŶse ďǇ supƌessiŶg the eǆpƌessioŶ of adhesioŶ ŵoleĐules oŶ 
eŶdothelial Đells, iŶhiďitiŶg eŶdothelial Đell NF- B sigŶaliŶg aŶd suppƌessiŶg ŵaĐƌophage 
fuŶĐtioŶ ;foaŵ Đell foƌŵatioŶͿ. IŶ doiŶg so, adipoŶeĐtiŶ  iŶhiďits the deǀelopŵeŶt of 
atheƌosĐleƌotiĐ plaƋues [ϴ,ϵ,ϭϭ,ϭϲ]. 

 
It ǁas also suggested that adipoŶeĐtiŶ geŶe ǀaƌiatioŶs aƌe assoĐiated ǁith ƌisk of 
ŵǇoĐaƌdial iŶfaƌĐtioŶ aŶd isĐheŵiĐ stƌoke; iŶ paƌtiĐulaƌ seleĐted geŶe ǀaƌiaŶts ǁeƌe fouŶd 
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to ďe assoĐiated ǁith diŵiŶished ĐaƌdioǀasĐulaƌ ƌisk iŶ suďjeĐts ǁith oƌ ǁithout diaďetes 
[Ϯϭ]. 
EŶgeli et al. suggest that deĐƌeased eǆpƌessioŶ aŶd plasŵa  leǀels of adipoŶeĐtiŶ ŵaǇ 
seƌǀe as a ŵaƌkeƌ of iŶĐƌeased ŵetaďoliĐ aŶd iŶflaŵŵatoƌǇ  ƌisk [ϮϮ]. The assoĐiatioŶ 
eǆists  ďetǁeeŶ adipoŶeĐtiŶ geŶe eǆpƌessioŶ aŶd its plasŵa leǀels ǁhiĐh ƌesults fƌoŵ 
eǆĐlusiǀe seĐƌetioŶ of  this adipokiŶe ďǇ adipoĐǇtes. This is Ŷot the Đase foƌ the pƌo-
iŶflaŵŵatoƌǇ IL-ϲ oƌ TNF-  geŶe eǆpƌessioŶ iŶ fat Đells ďeĐause  these ŵoleĐules aƌe also 
seĐƌeted ďǇ a Ŷuŵďeƌ of otheƌ Đell tǇpes. It ǁas that  fouŶd that plasŵa adipoŶeĐtiŶ 
leǀels aŶd hs-CRP Đoƌƌelate iŶǀeƌselǇ ǁhat ŵaǇ suggest that deĐƌeased pƌoduĐtioŶ of 
adipoŶeĐtiŶ ĐoŶtƌiďutes to the sǇsteŵiĐ aŶd ǀasĐulaƌ iŶflaŵŵatioŶ ĐoŵŵoŶlǇ fouŶd iŶ 
oďesitǇ. RegioŶal  diffeƌeŶĐes ŵaǇ eǆist iŶ adipoŶeĐtiŶ eǆpƌessioŶ aŶd pƌoduĐtioŶ iŶ 
huŵaŶ adipose tissue [ϮϮ]. 
KoƌŶeƌ et al. haǀe ƌepoƌted that adipoŶeĐtiŶ leǀels aƌe sigŶifiĐaŶtlǇ ƌeduĐed iŶ patieŶts 
ǁith ďƌeast, eŶdoŵetƌial aŶd pƌostate ĐaŶĐeƌ. AdipoŶeĐtiŶ has ďeeŶ shoǁŶ Ŷot oŶlǇ to 
haǀe aŶti-atheƌogeŶetiĐ, aŶti-aŶgiogeŶiĐ aŶd aŶti-pƌolifeƌatiǀe pƌopeƌties, ďut ŵaǇ also 
plaǇ a ƌole iŶ ĐaŶĐeƌ deǀelopŵeŶt [ϭϭ]. 
MaŶǇ studies suppoƌt the pƌoteĐtiǀe ƌole of adipoŶeĐtiŶ iŶ the deǀelopŵeŶt of oďesitǇ-
ƌelated disoƌdeƌs aŶd the ŵetaďoliĐ sǇŶdƌoŵe, paƌtiĐulaƌlǇ iŶ the pathogeŶesis of tǇpe Ϯ 
diaďetes aŶd ĐaƌdioǀasĐulaƌ disease. It has ďeeŶ fouŶd that iŶ the oďese suďjeĐts ďut Ŷot 
iŶ the leaŶ higheƌ  adipoŶeĐtiŶ plasŵa  ĐoŶĐeŶtƌatioŶ ǁas ĐoŶŶeĐted ǁith ŵoƌe faǀoƌaďle 
lipid pƌofile ;loǁeƌ tƌiglǇĐeƌides, LDL-Đholesteƌol aŶd apolipopƌoteiŶ B, higheƌ HDL-
ĐholesteƌolͿ aŶd deĐƌeased iŶflaŵŵatioŶ ;loǁeƌ CRP aŶd IL-ϲͿ [ ϮϬ]. 
Fuƌtheƌ eluĐidatioŶ of the ŵeĐhaŶisŵs of aĐtioŶ of adipoŶeĐtiŶ, paƌtiĐulaƌlǇ the 
ideŶtifiĐatioŶ of iŶhiďitoƌs of adipoŶeĐtiŶ eǆpƌessioŶ iŶ oďesitǇ, has the poteŶtial to 
Đƌeate Ŷoǀel aŶd poǁeƌful taƌgets foƌ deǀelopiŶg iŶteƌǀeŶtioŶ stƌategies foƌ oďesitǇ-
ƌelated disoƌdeƌs [ϰ,ϵ,Ϯϯ]. 

 Resistin 

The iŶǀeŶtioŶ of ƌesistiŶ as a Ŷoǀel faĐtoƌ seĐƌeted ďǇ fat Đells ǁith aŶ iŵpaĐt oŶ iŶsuliŶ 
seŶsitiǀitǇ ǁas pƌoposed as a Ŷeǁ ŵeĐhaŶisŵ to eǆplaiŶ the pathogeŶiĐ seƋueŶĐe of 
adipoĐǇte-oďesitǇ-iŶsuliŶ ƌesistaŶĐe. ResistiŶ is  a ĐǇsteiŶe-ƌiĐh ϭϮ.ϱ kDa polǇpeptide, ǁith 
uŶĐleaƌ  ƌole iŶ the pathogeŶesis of oďesitǇ- ŵediated iŶsuliŶ ƌesistaŶĐe aŶd tǇpe Ϯ 
diaďetes ŵellitus. ReĐeŶt studies iŶ ŵuƌiŶe ŵodels suggest that ƌesistiŶ ;also Đalled FizzϯͿ, 
seĐƌeted ďǇ adipoĐǇtes, ŵaǇ ƌepƌeseŶt the loŶg-sought liŶk ďetǁeeŶ oďesitǇ aŶd iŶsuliŶ 
ƌesistaŶĐe [ϵ,ϭϭ] 

MaŶǇ studies aƌe still uŶƌaǀelliŶg the fuŶĐtioŶalitǇ of ƌesistiŶ iŶ huŵaŶ ďiologǇ iŶ ƌespeĐt 
to gluĐose ŵetaďolisŵ aŶd iŶsuliŶ sigŶaliŶg. The possiďle iŶǀolǀeŵeŶt of ƌesistiŶ iŶ 
oďesitǇ aŶd iŶsuliŶ ƌesistaŶĐe iŶ huŵaŶs is laƌgelǇ ĐoŶtƌoǀeƌsial. ResistiŶ is ĐoŶsideƌed to 
ďe a suďstaŶĐe iŶĐƌeasiŶg iŶsuliŶ ƌesistaŶĐe, hoǁeǀeƌ the eǆaĐt ŵeĐhaŶisŵs aƌe Ŷot ǁell-
kŶoǁŶ. ResistiŶ plasŵa ĐoŶĐeŶtƌatioŶs aƌe iŶĐƌeased iŶ oďese suďjeĐts aŶd Đoƌƌelate ǁith 
the iŶflaŵŵatoƌǇ state that uŶdeƌlies the iŶitiatioŶ aŶd pƌogƌessioŶ of atheƌosĐleƌotiĐ 
lesioŶs. CoƌƌelatioŶ ďetǁeeŶ ƌesistiŶ ĐoŶĐeŶtƌatioŶ aŶd the eǆteŶt of atheƌosĐleƌotiĐ 
plaƋues iŶ the ĐoƌoŶaƌǇ ǀessels has also ďeeŶ fouŶd. All  these fiŶdiŶgs suggest that 
ƌesistiŶ is diƌeĐtlǇ iŶǀolǀed iŶ the pathogeŶesis of atheƌosĐleƌosis. It has ďeeŶ shoǁed that 
ƌesitiŶ ĐaŶ ďe iŶduĐed ďǇ  eŶdotoǆiŶ aŶd ĐǇtokiŶes [ϵ,ϭϭ,Ϯϰ]. 
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The data oŶ assoĐiatioŶ of ƌesistiŶ ǁith oďesitǇ oƌ iŶsuliŶ ƌesistaŶĐe aƌe ĐoŶtƌoǀeƌsial,  
soŵe  haǀe ƌepoƌted positiǀe ĐoƌƌelatioŶs ǁhile otheƌs did Ŷot fiŶd a ƌelatioŶship. 
ReĐeŶtlǇ,   Al-HaƌithǇ et al. assessed the ƌelatioŶship ďetǁeeŶ seƌuŵ ƌesistiŶ 
ĐoŶĐeŶtƌatioŶs aŶd iŶsuliŶ ƌesistaŶĐe iŶ leaŶ, oǀeƌǁeight aŶd oďese Saudi ǁoŵeŶ ǁith oƌ 
ǁithout diaďetes [Ϯϯ]. TheǇ haǀe shoǁŶ that ƌesistiŶ ĐoŶĐeŶtƌatioŶs aƌe eleǀated iŶ 
patieŶts ǁith tǇpe Ϯ diaďetes aŶd aƌe assoĐiated ǁith oďesitǇ aŶd iŶsuliŶ ƌesistaŶĐe, 
iŶdiĐatiŶg the iŶǀolǀeŵeŶt of this adipokiŶe iŶ the deǀelopŵeŶt of diaďetes iŶ huŵaŶs 
[Ϯϯ]. 

AŶotheƌ studǇ has shoǁŶ that ƌesistiŶ is assoĐiated ǁith the disoƌdeƌs of gluĐose aŶd lipid 
ŵetaďolisŵ  iŶ tǇpe Ϯ diaďetes [Ϯϱ]. 

VeŶdƌell et al. suggested ĐooƌdiŶated ƌoles of adipoŶeĐtiŶ, ƌesistiŶ, aŶd ghƌeliŶ iŶ the 
ŵodulatioŶ of the oďesitǇ pƌoiŶflaŵŵatoƌǇ eŶǀiƌoŶŵeŶt. TheǇ fouŶd  that ƌesistiŶ leǀels 
ďefoƌe suƌgeƌǇ tƌeatŵeŶt aƌe pƌediĐtiǀe of the eǆteŶt of ǁeight loss afteƌ ďǇpass suƌgeƌǇ. 
Like ŵaŶǇ otheƌ adipokiŶes, ƌesistiŶ ŵaǇ possess a dual ƌole iŶ ĐoŶtƌiďutiŶg to ŵetaďoliĐ 
disease: fiƌst thƌough its diƌeĐt effeĐts oŶ suďstƌate ŵetaďolisŵ aŶd seĐoŶd, thƌough 
ƌegulatiŶg iŶflaŵŵatioŶ aŶd the deǀelopŵeŶt of eŶdothelial dǇsfuŶĐtioŶ [Ϯϰ,Ϯϲ]. 

Visfatin 

IŶ ϮϬϬϰ, Fukuhaƌa et al. ideŶtified a ŵoleĐule that is eǆpƌessed at ŵuĐh higheƌ leǀels iŶ 
ǀisĐeƌal fat thaŶ iŶ suďĐutaŶeous fat ǁhiĐh ǁas  Ŷaŵed ǀisfatiŶ [Ϯϳ]. This adipokiŶe is 
highlǇ eǆpƌessed iŶ the ǀisĐeƌal adipose tissue of ďoth huŵaŶs aŶd ƌodeŶts. VisfatiŶ ǁas 
fouŶd to ďe ideŶtiĐal to a ĐǇtokiŶe eǆpƌessed ďǇ lǇŵphoĐǇtes - the pƌe-B Đell ĐoloŶǇ-
eŶhaŶĐiŶg faĐtoƌ ;PBEFͿ. VisfatiŶ ďiŶds to the iŶsuliŶ ƌeĐeptoƌ at a site distiŶĐt fƌoŵ 
iŶsuliŶ aŶd eǆeƌts hǇpoglǇĐeŵiĐ effeĐt ďǇ ƌeduĐiŶg gluĐose ƌelease fƌoŵ hepatoĐǇtes aŶd 
stiŵulatiŶg gluĐose utilizatioŶ iŶ peƌipheƌal tissues. SiŶĐe iŶsuliŶ-ŵiŵetiĐ aĐtioŶs of 
ǀisfatiŶ ŵaǇ ďe paƌt of the feedďaĐk ƌegulatioŶ of gluĐose hoŵeostasis, a hǇpothesis ŵaǇ 
ďe ƌaised that ǀisfatiŶ ĐoŶĐeŶtƌatioŶs aƌe iŶflueŶĐed ďǇ gluĐose oƌ iŶsuliŶ ďlood leǀels iŶ 
huŵaŶs. This possiďilitǇ offeƌs Ŷeǁ theƌapeutiĐ optioŶs foƌ diaďetiĐs [ϵ,ϭϭ,Ϯϳ]. 

BƌeŶdt et al. eǆaŵiŶed ǁhetheƌ ǀisfatiŶ plasŵa ĐoŶĐeŶtƌatioŶ aŶd ŵRNA eǆpƌessioŶ iŶ 
ǀisĐeƌal aŶd suďĐutaŶeous fat Đoƌƌelates ǁith aŶthƌopoŵetƌiĐ aŶd ŵetaďoliĐ paƌaŵeteƌs 
iŶ suďjeĐts ǁith a ǁide ƌaŶge of oďesitǇ, ďodǇ fat distƌiďutioŶ, iŶsuliŶ seŶsitiǀitǇ, aŶd 
gluĐose toleƌaŶĐe [Ϯϴ]. TheǇ haǀe fouŶd ĐoƌƌelatioŶs ďetǁeeŶ ǀisfatiŶ plasŵa 
ĐoŶĐeŶtƌatioŶs aŶd ǀisĐeƌal ǀisfatiŶ ŵRNA eǆpƌessioŶ aŶd  ŵeasuƌes of oďesitǇ ďut Ŷot 
ǁith ǀisĐeƌal fat ŵass oƌ ǁaist-to-hip ƌatio. SuƌpƌisiŶglǇ, theǇ did Ŷot fouŶd  diffeƌeŶĐes iŶ 
ǀisfatiŶ ŵRNA eǆpƌessioŶ ďetǁeeŶ ǀisĐeƌal aŶd suďĐutaŶeous adipose tissue [Ϯϴ]. 

Haideƌ et al. haǀe shoǁŶ that eleǀated plasŵa ǀisfatiŶ ĐoŶĐeŶtƌatioŶs iŶ ŵoƌďidlǇ oďese 
suďjeĐts aƌe ƌeduĐed afteƌ ǁeight loss. This ŵaǇ ďe ƌelated to ĐhaŶges iŶ iŶsuliŶ 
ƌesistaŶĐe oǀeƌ tiŵe [Ϯϵ]. 

Fuƌtheƌ studǇ of ǀisfatiŶ's phǇsiologiĐal ƌole ŵaǇ lead to Ŷeǁ iŶsights iŶto gluĐose 
hoŵeostasis aŶd its dǇsƌegulatioŶ iŶ oďesitǇ-ƌelated diseases, suĐh as diaďetes ŵellitus 
aŶd ĐaƌdioǀasĐulaƌ disease [ϭ,ϭϭ,Ϯϳ]. 
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Apelin 

A Ŷoǀel adipokiŶe apeliŶ, pƌoduĐed  aŶd seĐƌeted fƌoŵ fat Đells, ǁas  disĐoǀeƌed ƌeĐeŶtlǇ. 
This  ďioaĐtiǀe peptide is the eŶdogeŶous ligaŶd of the  oƌphaŶ G pƌoteiŶ-Đoupled 
ƌeĐeptoƌ, APJ. ApeliŶ ŵaǇ aĐt as a poteŶt ǀasodilatoƌ, thus loǁeƌiŶg ďlood pƌessuƌe, aŶd 
eǆeƌtiŶg positiǀe iŶotƌopiĐ effeĐts iŶ ƌats aŶd huŵaŶs. Fuƌtheƌŵoƌe, the apeliŶ sǇsteŵ 
ŵaǇ  ŵodulate pituitaƌǇ hoƌŵoŶe ƌelease aŶd food aŶd ǁateƌ iŶtake, ƌegulate iŶsuliŶ 
seŶsitiǀitǇ,  plaǇ a ƌole  iŶ stƌess aĐtiǀatioŶ [ϯϬ]. This Ŷeuƌopeptide is  iŶǀolǀed iŶ the 
ƌegulatioŶ of ďodǇ fluid hoŵeostasis aŶd ĐaƌdioǀasĐulaƌ fuŶĐtioŶs. Moƌeoǀeƌ, ƌeĐeŶt 
studǇ shoǁed that apeliŶ aĐts as aŶ aŶgiogeŶiĐ faĐtoƌ foƌ eŶdothelial Đells aŶd eǆeƌts 
poteŶt diuƌetiĐ effeĐts thƌough iŶhiďitioŶ of aƌgiŶiŶe ǀasopƌessiŶ ;AVPͿ ŶeuƌoŶ aĐtiǀitǇ 
aŶd AVP ƌelease [ϭϭ,ϯϭ,ϯϮ]. 

HeiŶoŶeŶ et al. iŶǀestigated ďasal plasŵa leǀels of apeliŶ, oƌeǆiŶ-A, aŶd leptiŶ iŶ ŵoƌďidlǇ 
oďese patieŶts [ϯϯ]. TheǇ haǀe shoǁŶ positiǀe ĐoƌƌelatioŶs of apeliŶ, oƌeǆiŶ-A, aŶd leptiŶ 
plasŵa leǀels ǁith the BMI. The ƌesults of  this studǇ also  deŵoŶstƌated that oŶe Ǉeaƌ 
afteƌ gastƌiĐ ďaŶdiŶg ǁith sigŶifiĐaŶt loss iŶ BMI ďasal plasŵa leǀels of leptiŶ deĐƌeased, 
ǁhile oƌeǆiŶ-A ƌeŵaiŶed uŶĐhaŶged [ϯϯ]. 

ApeliŶ as a ŵultipoteŶtial adipokiŶe has attƌaĐted ŵuĐh iŶteƌest as a taƌget foƌ Ŷoǀel 
theƌapeutiĐ ƌeseaƌĐh aŶd dƌug desigŶ. 

Eotaǆin 

EotaǆiŶ is a ĐheŵokiŶe pƌoduĐed ďǇ fat tissue. The eotaǆiŶ faŵilǇ Đoŵpƌises thƌee distiŶĐt 
peptides ;eotaǆiŶ, eotaǆiŶ-Ϯ aŶd eotaǆiŶ-ϯͿ ǁhiĐh haǀe ďeeŶ iŵpliĐated iŶ eosiŶophiliĐ 
iŶflaŵŵatioŶ.EotaǆiŶ ďiŶds ǁith high affiŶitǇ aŶd speĐifiĐitǇ to the ĐheŵokiŶe ƌeĐeptoƌ 
CCRϯ aŶd plaǇs aŶ iŵpoƌtaŶt ƌole iŶ the pathogeŶesis of alleƌgiĐ disease.EotaǆiŶ ďeloŶgs 
to CC ĐheŵokiŶes ǁith seleĐtiǀe aĐtiǀitǇ foƌ eosiŶophils aŶd ďasophils aŶd it is iŵpoƌtaŶt 
iŶ eǆtƌiŶsiĐ asthŵa, aŶ iŶflaŵŵatoƌǇ disoƌdeƌ. Asthŵa is ofteŶ ŵoƌe seǀeƌe iŶ the oďese 
suďjeĐts. EotaǆiŶ aŶd ĐǇtokiŶes pƌoduĐed ďǇ adipose tissue ŵaǇ possiďlǇ diƌeĐtlǇ 
iŶflueŶĐe aiƌǁaǇs hǇpeƌƌespoŶsiǀeŶess, leadiŶg to aŶ iŶĐƌeased pƌeǀaleŶĐe aŶd seǀeƌitǇ 
of asthŵa sǇŵptoŵs iŶ oďese iŶdiǀiduals. 

CiƌĐulatiŶg eotaǆiŶ leǀels aƌe iŶĐƌeased iŶ diet-iŶduĐed oďesitǇ iŶ ďoth ŵiĐe aŶd huŵaŶs, 
aŶd eotaǆiŶ ŵRNA leǀels ǁeƌe high iŶ ǀisĐeƌal adipose tissue iŶ ďoth speĐies. Diet-iŶduĐed 
ǁeight loss iŶ huŵaŶs led to a ƌeduĐtioŶ iŶ plasŵa eotaǆiŶ leǀels [ϯϰ,ϯϱ,ϯϲ].   

The otheƌ studǇ shoǁed that ƌeduĐed leǀel of ĐiƌĐulatiŶg eotaǆiŶ-ϯ ŵaǇ ƌepƌeseŶt a 
poteŶtiallǇ poǁeƌful ďioĐheŵiĐal ŵaƌkeƌ foƌ pƌediĐtiŶg futuƌe adǀeƌse ĐaƌdiaĐ eǀeŶts iŶ 
patieŶts ǁith ĐoƌoŶaƌǇ aƌteƌǇ disease ;CADͿ. IŶ ǀitƌo aŶd ĐliŶiĐal studies suggest that 
eotaǆiŶs Đould plaǇ a ƌole iŶ ǀasĐulaƌ iŶflaŵŵatioŶ, ďut Ŷo data aƌe aǀailaďle oŶ theiƌ 
pƌogŶostiĐ sigŶifiĐaŶĐe iŶ patieŶts ǁith aŶgiogƌaphiĐallǇ doĐuŵeŶted ĐoƌoŶaƌǇ aƌteƌǇ 
disease[ϯϲ,ϯϳ]. 

This adipokiŶe ŵaǇ ďe ƌegaƌded as a poteŶtial ŶoŶ-iŶǀasiǀe ŵaƌkeƌ foƌ assessiŶg aiƌǁaǇs 
iŶflaŵŵatioŶ iŶ asthŵatiĐs aŶd pƌediĐtiŶg ĐaƌdiaĐ eǀeŶts iŶ patieŶts ǁith CAD [ϯϲ,ϯϳ]. 
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We aiŵed to pƌoǀide a ĐoŶĐise suŵŵaƌǇ of  aĐtual kŶoǁledge oŶ the  iŵpoƌtaŶt 
adipokiŶes, aŶd to giǀe aŶ update oŶ the latest fiŶdiŶgs aŶd ĐuƌƌeŶt fields of adipokiŶe 
ƌeseaƌĐh iŶ assoĐiatioŶ to oďesitǇ aŶd oďesitǇ-ƌelated diseases. The ŵoleĐulaƌ effeĐts of 
adipokiŶes aƌe a ĐhalleŶgiŶg aƌea of ƌeseaƌĐh aŶd theiƌ  iŶ-depth uŶdeƌstaŶdiŶg ǁill 
uŶdouďtedlǇ lead to the disĐoǀeƌǇ of effeĐtiǀe theƌapeutiĐ iŶteƌǀeŶtioŶs. The 
distuƌďaŶĐes iŶ eǆpƌessioŶ, sǇŶthesis aŶd ƌelease, fuŶĐtioŶ aŶd ďalaŶĐe of adipoŶeĐtiŶ, 
ƌesistiŶ aŶd eotaǆiŶ ŵaǇ ďe ĐoŶsideƌed Ŷot oŶlǇ as a liŶk ďetǁeeŶ ǀisĐeƌal adipositǇ aŶd 
ĐaƌdioǀasĐulaƌ ƌisk ďut also as iŶdepeŶdeŶt ƌisk faĐtoƌs of ĐoƌoŶaƌǇ heaƌt disease. 
EluĐidatioŶ of the ŵeĐhaŶisŵs liŶkiŶg oďesitǇ, diaďetes aŶd atheƌosĐleƌosis is 
fuŶdaŵeŶtal foƌ deǀelopiŶg the Ŷeǁ ǁaǇs of theƌapeutiĐ iŶteƌǀeŶtioŶs. 
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