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IN T R O D U C T IO N

Insulin resistance has been  identified  as a m anifestation  
of obesity several decades ago , based on the presence o f  
excessive circulating insulin  lev e ls  in  ob ese  individuals (1 ). 
M ost p erson s w ith  u n c o m p lic a te d  o b e s ity  ex h ib it  an  
exaggerated p lasm a insulin  response during an oral g lucose  
tolerance test, w h ich  is  necessary to m aintain a normal 
plasma g lu cose  response after the g lu cose  challenge, due to 
a decreased sen sitiv ity  to insu lin  in  target tissues. A  similar 
increased insulin  output in the ob ese  m ay be demostrated  
after regular, carbohydrate-containing m eals (2).

Insulin resistance is  a lso  present in  a variety o f  other 
conditions, both p h y sio lo g ica l, such  as puberty (3 ) and  
pregnancy (4 , 5), and pathological such as acute infections  
(6), achrom egaly  (7 ,8 ) , Turner synd rom e (9 ) , ap lastic  
anemia (10), and others.

The insulin clam p technique (1 1 ) a llow  for a precise  
quantitation o f  the e ffects o f  insulin  resistance, by isolating  
insulin’s action from  those o f  the other counterregulatory  
horm ones participating in  g lu co se  h om eostasis, and by 
permitting the com parative assessm ent o f  insulin-dependent 
re sp o n ses  o v e r  a w id e  ra n g e  o f  p la sm a  in s u lin  
concentrations. Insulin  clam p studies show  that that the tw o  
main expressions o f  the insulin  reistance o f  obesity  are a 
decreased insulin-stim ulated  peripheral g lu cose  uptake, and 
an im paired sup p ression  o f  hepatic g lu co se  production  
(12,13).

IN SU L IN  R E SISTA N C E , SE N SITIV ITY  A N D  
R E SPO N SIV E N E SS

Early defin itions o f  insulin  resistance are based on the 
“need for greater than normal am ounts o f  insu lin” to elicit a 
normal b io log ica l response (14). A s pointed out by Kahn

(15 ), this defin itions is  based  on  a “greater than norm al” 
insulin  output, and assum es that a  “norm al response” m ay  
be ach ieved  i f  enough  insu lin  is  available. But w ith  the use  
o f  the insulin  clam p technique it becam e apparent that som e  
individuals never ach ieved  a “norm al response”, even  w hen  
r e c e iv in g  v ery  h ig h  in s u lin  d o s e s .  S im ila r ly , o th er  
individuals exh ib ited  im paired insu lin -m ediated  responses  
even  at “norm al” in su lin  concen trations. C onsequently , 
Kahn and others (1 5 ) proposed  to use  the term resistance as 
a generic descriptions o f  im paired b io log ica l response at the 
cellular, regional or w h o le  body level. T he term  decreased  
s e n s i t iv i ty  sh o u ld  d e s c r ib e  p r e r e c e p to r  or recep to r  
impairment, and im paired responsiveness should  be used  to 
describe the inability to reach normal m axim al b io log ica l 
response, regardless o f  the lev e l o f  insu lin , reflecting a 
post-receptor defect.

B oth im paired sensitiv ity  and im paired responsiveness  
to insulin can be identified  in  ob ese  populations (figure 1). 
Som e ob ese  individuals w ith  im paired insulin-dependent 
g lu c o s e  d isp o sa l at p h y s io lo g ic a l  in s u lin  le v e l s  can  
nevertheless ach ieve  norm al le v e ls  o f  m axim al g lu cose  
disposal at very h igh insulin  concentrations. T his insulin  
resistance is related to prereceptor and receptor events. 
O ther o b ese  p erson s can n ot reach  m ax im al resp on se , 
regardless o f  insulin  dose, ev id en cin g  post-receptor insulin  
resistance (16). T his type o f  insulin  resistance is usually  
a s s o c ia te  w ith  s e v e r e  o b e s i ty  an d  cen tra l b o d y  fat 
distribution.

T he main determinant o f  pancreatic insulin  output is 
portal ve in  g lu cose  concentration. H ow ever, insulin  plays 
an im portant role in  a num ber o f  other function s. T he  
available ev idence suggests that insulin  resistance does not 
affect hom ogeneously  all insulin-dependent funtions. For 
exam ple, insulin-stim ulated potassium  uptake is im paired in
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FIG U R E 1

Glucose disposal rate (GDR) during euglycemic insulin clamp 
studies in obese and lean control persons. Obese I exemplifies 
insulin resistance related to receptor events (decreased affinity, 
number, etc), which can be overcome by large insulin doses. In 

contrast, group II exhibits a response typical o f post-receptor 
. insulin resistance: maximal insulin-mediated response is never 
achieved, even at plasma insulin levels at which presumably all 
receptors are occupied. Data from Kolterman et al. (Ref. 16).

insulin-resistant o b ese  (1 7 ) , but p lasm a leucin e flux  and  
oxidation  appear to  b e  preserved (18).

M E C H A N ISM  O F IN SU L IN  R E SIST A N C E  O F O BESITY

M an y o f  th e  la rg e  b od y  o f  data d ocu m en tin g  the  
con seq u en ce o f  in su lin  resistance in  obesity  a lso  point to  
p ossib le  m echanism s. A  precise  understanding o f  how  and 
w hy insu lin  resistance and hyperinsulinem ia d evelop  in  
obesity  is  h ow ever still im com plete . M ost factors know n to  
affect tissu e  response to insu lin  can be c la ssified  as acting  
at the receptor or at the post-receptor sities.

Receptor events
Substrate p lasm a concentrations: A cu te  increases in  

circulated free fatty acids during clam p studies prevent the 
norm al d ec lin e  in  hepatic g lu co se  output (19 ). E levated  
plasm a g lu cose  lev e ls  a lso  appear to  contribute to insulin  
resistan ce , a s d o cu m en ted  by  the e ffe c ts  o f  long-term  
g lu cose  in fusions and sucrose feed in g  in  the rat (20 ,21). 
C h an ges in  substrate concen tration s m ay o f  course be 
caused  by d iet, but they m ay a lso  be a consequence o f  
insulin  resistance itse lf. For exam ple, a decreased response  
to in su lin  m ay d ecrease lipoprotein  lipase activ ity , impair 
V L D L  tr ig ly cer id e  m a ta b o lism , and lead  to  in creased  
tr ig lycerid e  le v e ls . T hus, substrate-m ediates ch an ges in  
in su lin  se n s itiv ity  m ay  result from  alterations in other 
insulin-dependent processes.

A n increased  circulating insulin lev e ls  has a lso been 
im p lic a te d  in  a fe ed b a ck  c ir c le  p e r p e tu a t in g  in su lin  
resistance (22). H igh insulin  lev e ls  are caused  not only by 
hypersecretions, but also by decreased  clearance. In som e 
studies, insulin  clearance rate w as found  to be inversely  
related to body m ass index (23).

A  decreased number o f  insu lin  receptors per cell in 
target tissues as a m echanism  o f  in su lin  resisance has been  
docum ented in a number o f  in  vitro stud ies and supported  
by w h ole-b od y  m easurem ent o f  insu lin  action  u sin g  the 
insu lin  clam p. T h e typical right sh ift o f  the insulin  dose- 
response cu rve su ggests a  decreased  form ation  o f  hormone- 
recep tor  c o m p le x e s  ( 2 4 ,2 5 ) .  A lth o u g h  a d ip o s e  ce ll 
hypertrophy in obesity  m ay lead  to  a d ecreased  number of  
receptors per ce ll, ad ipose tissue p lays a secondary role in 
d e te r m in in g  th e  o v e r a ll  in s u l in -m e d ia te d  g lu c o s e  
m etabolism , g iven  the p reem inence o f  the skeletal m uscle 
tissue in this regard. Instead, it is  p oss ib le  that e levations in 
circulating insulin  lev e ls  can lead  to a dow n-regulation  of 
its receptors, in itiating the loop  o f  hyperinsulinem ia and 
insu lin  resistance.

D ecrea sed  in su lin  b in d in g  in  a d ip o c y te s  has been  
dem ostrated in obesity  (2 6 ) and in  a num ber o f  conditions 
associate w ith  severe  insulin  resistance (2 7 ).

A  decreased  receptor num ber m ay b e  o n ly  on e o f  
several factors producing im paired in su lin  sen sitiv ity . In 
many tissues, on ly  a sm all proportion o f  receptors need  to 
b e  o ccu p ied  in  order for in su lin  to exert its  m axim al 
b io lo g ic a l a c tio n . F or e x a m p le  g lu c o s e  tran sp ort in  
a d ip o c y te s  r e a c h e s  i t s  m a x im u n  w ith  o n ly  10%  o f  
occupancy (28 ). H ow  a decreased  num ber o f  receptors per 
ce ll a ffects the proportion o f  occu p ied  o n es required for 
m axim al b io lo g ica l action , and w hether th is a ffects the 
random probability o f  in su lin  b ind ing is  unclear. In  other 
tissues. T he b io lo g ica l resp on se  in crea ses lin early  with  
receptor occupancy, up  to  the m axim al response (29).

Post-receptor events
Several o f  the pre-receptor changes affectin g  insulin  

response, su ch  as p lasm a concentrations o f  free fatty acids, 
triglycerides and g lu cose , actually , act at the post-receptor 
levels. Increased rates o f  fatty ac id  oxid ation  inhibit glucose  
utilization  by  u tiliz in g  N A D , increasing the intracellular 
leve ls o f  acethyl-C oA , w h ich  is  an inhibitor o f  pyruvate 
d e h y d r o g e n a s e , a n d  o f  c it r a te , w h ic h  in h ib its  
phosphofructokinase. T h e accum ulation  o f  phosphorylated  
g lu c o se  lead s ev en tu a lly  to  the feed b a ck  in h ib ition  o f  
glu cose  transport into the c e ll (3 0 ,3 1 ).

A lternations in  the m olecular or functional integrity o f  
the insulin  receptor h ave b een  described  in  a few  genetic  
disorders, and  in c lu d e  im paired  p roreceptor processin g  
(3 2 ), d efective  tyrosine kinase-dependent cou p lin g  (33), or 
decreased  post-b inding activation  o f  g lu c o se  transporters 
(34).



A s m entioned  above, although sp ecific  factors affecting  
each o f  the step o f  insulin  action are w ell docum ented, there 
is no u n ify ing theory on h ow  som e or all o f  them  m ay act 
during the developm ent o f  insulin  resistance. Experimental 
data supports the notion  that in su lin  resistan ce can be 
produced by diet. B ut the p ossib ility  o f  a post-receptor 
alteration as a prim ary even t cannot be ruled out. For 
example, inhibition o f  g lu cose  uptake by high intracellular 
free fatty acid lev e ls  m a y  lead  to hyperglycem ia, w hich  
would trigger an in creased  in  in su lin  output. Sustained  
hyperinsulinemia cou ld  then exert a dow n-regulation o f  its 
receptor, leading to a v ic io u s circle o f  decreased sensitivity  
to insulin relative to “norm al” lev e ls  (35).

IN SU LIN  R E SIST A N C E  A N D  H Y PER TEN SIO N

H ypertension  is  a w e ll recogn ized  com p lica tion  o f  
obesity, and about 30%  o f  hypertensive patients are obese, 
and these tend to have central fat distribution (36). Both  
hyperinsulinem ia and upper-body fat distribution are risk 
factors for hypertension and other cardiovascular d isease  
(37,38). B ut hyperinsulinem ia and insulin  resistance are 
also presen t in  n o n -o b e s e , n o n -d ia b e tic  h y p er ten s iv e  
individuals, w h o  d isp lay  a sim ilar pattern o f  im paired  
insulin-m ediated g lu co se  and fat m etabolism  as do the  
obese (39). T his insulin  resistance is  not exp lained  by sex , 
age, body m ass index or w aist :hip ratios (40 ), and is  also  
present in several genetica lly  hypertensive anim al m odels, 
such as the SH R  rat (41 ,42 ).

Several b io log ica l actions o f  insulin  are related to b lood  
pressure and cardiovascular functions (T able 1), som e o f  
them in vo lv in g  a c lo se  interaction w ith  the sym pathetic  
nervious system . For exam ple, in su lin -m ediated  g lu cose  
disposal can b e  norm alized  in  hypertensive patients by 1- 
recep tor  b lo c k a d e  ( 4 4 ) .  In turn , in s u lin  s t im u la te s  
sym pathetic nervous system  activity (45 ), an action that 
appears to be preserved in  insulin  resistance states (46). 
Insulin a lso enhaces renal N a reabsorption (47), and by this 
mechanism m ay increase renal perfusion pressures. Studies

in  individuals w ith insulin  resistance have found that there 
is  a correlations b etw een  degree o f  resistance and capillary 
type and d ensity  (4 8 ) , and b etw een  in su lin  le v e ls  and 
skeletal m uscle b lood  flo w  (49). H ow ever, alterations in  the 
vascular adrenergic tone m ay in  fact preced e and b e a 
causal o f  im paired in su lin  action . C hanges in  capillary  
structure and tone, evo lv in g  independently o f  insulin , cause  
progresive  d ec lin e  in  the respon se to in su lin  o f  target 
tissues, creating a v ic iou s in  w hich  the increased  insulin  
production leads to additional, insulin-dependent alterations 
in fluid vo lu m e and vascular tone (50).

ETH NIC D IFFE R EN C E S IN  IN SU L IN  R E SISTA N C E

A lthough elevated  insulin  lev e ls  is  an universal feature 
o f  obesity , the correlations b etw een  p lasm a insu lin  leve ls  
and hypertension or other m anifestation  o f  cardiovascular  
disease varies in  different ethn ic groups, other parameters 
a s s o c ia te d  w ith  h y p e r in s u lin e m ia , su c h  a s b o d y  fat 
distribution, a lso  have variable degree o f  predictive va lue in  
populations w ith  different gen etic  backgroupd. M cK eige  et 
al (5 1 ) found that, for a g iven  w aist:hip ratio, the risk o f  
d e v e lo p in g  d ia b e t e s  i s  s ig n i f i c a n t ly  h ig h e r  in  
h y p e r in s u lin e m ic  A s ia n s  th an  in  W h ite  E u ro p ea n s .  
Sim ilarly the correlation b etw een  insu lin -m ediated  g lu cose  
diposal and b lood pressure is  sign ifican t on ly  in  w hites, but 
not in b lacks or in  pim a Indians (52 ). T hus, the long-term  
consequences o f  insu lin  resistance and hyperinsulinem ia are 
subjected to im portant gen etic  m odulation.

T he insu lin  resistance o f  uncom plicated  ob esity  is  in  
m ost cases reversib le. W eigh  reduction and careful diet 
m onitoring are frequently  su ffic ien t to  im prove in su lin  
sensitiv ity  and reduce basal p lasm a insulin  lev e ls . D ietary  
supplem entation  w ith  co-3 fatty acid  im proved  the diet- 
induced insulin resistance in  rats (5 3 ),but its ro le  in  human  
insulin resistance rem ains to b e explored. P hysica l activity  
has a lso  a w e ll e s ta b lised  ro le  in  im p ro v in g  in su lin  
sensitiv ity  (4 8 ,54 -57 ).

T A B L E  1

IN SU L IN  A C T IO N S O N  B LO O D  PRESSU RE

V A SO C O N ST R IC T IO N  V A SO D IL A T IO N

• V ascular Hypertrophy • (-) N E  -induced vasoconstriction

• (+ ) Sym pathetic tone • (+ ) Ca A T Pase

• ( + )  Renal N a retention • ( + )  N a/K  A T Pase

• (+ ) N a/k cotransport

• (- )  V asodilator eicosanoids
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FIG U R E 2

G lu cose d isposal rate in  m oderately obese and in  lean  
controls, m easured at tw o  lev e ls  o f  eu g lycem ic  insulin

infusion. D ifferen ces betw een  lean  controls and ob ese  at 10 
and 4 0  m U  lev e ls  are statistically  significant. D ata from  

C aballero et al. (R ef. 18).
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