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SUMMARY. The aim of the present study was to determine in 
adolescents the relationship between insulin levels and body mass 
index (BMI). body fat distribution, diet, life style and lipid profile. 
We studied 167 adolescents (68 boys and 99 girls) whose ages 
ranged from 14 to 17 years. A detailed medical (including pubertal 
stage) and nutritional record was obtained from each subject. Bio­
chemical measurements included fasting serum insulin, glucose, 
total cholesterol (TC). triglycerides (Tg), HDL-C, LDL-C and 
VLDL-C. HOMA insulin resistance (IR) and HOMA (3-cell func­
tion ((3-cell) were calculated. Insulin levels were over 84 pmol/L 
(cut off normal value in our lab) in 56% of the boys and 43% of the 
girls. Thirty-seven percent of lean adolescents whose BMI was 
21.5 ± 1.9 kg/m2 presented higher fasting insulin levels, HOMA 
IR, Tg, systolic (SBP) and diastolic blood pressure (DBP) values 
when compared to a lean normoinsulinemic group. Insulin levels 
were correlated (p< 0.01) with body mass index. Both boys and 
girls in the highest BMI quartile (BMI > 24 kg/m2) had signifi­
cantly higher serum insulin, HOMA (3-cell, and Tg levels, and the 
lowest HDL-C levels. A high-energy intake rich in saturated fat 
and low physical activity were found in this lean but melabolically 
altered adolescents. We conclude that even with a BMI as low as 
21 kg/m2 an inappropriate diet and low physical activity might be 
responsible for the high insulin levels and dislipidemias in adoles­
cents.
Key words: Insulin, body mass index, diet, physical activity, insu­
lin resistance, adolescents.

RESUMEN. Adolescentes delgados con alto riesgo de presentar 
Síndrom e Metabólico. El objetivo del presente estudio fue determinar 
la relación entre los niveles de insulina y el Indice de Masa Corporal 
(IMC), distribución de grasa corporal, dieta, estilo de vida y perfil 
lipídico en adolescentes. A cada adolescente se la realizó una historia 
clínica detallada (incluyendo estadio puberal). además de una encuesta 
nutriciona!. Dentro de los parámetros bioquímicos se determinaron 
en suero los niveles de glicemia e insulina basal, colesterol total (CT). 
triglicéridos (TG), HDL-C, LDL-C, y VLDL-C. Se calcularon el 
HOM A-IR, y el HOMA-B-cell. Se encontró que el 56% de los varones 
y el 43% de las hembras tenía valores de insulina > 84pmol/L (valor 
de referencia para nuestro laboratorio). Un 37% de los adolescentes 
delgados, con un IMC promedio de 21,5 ± 1,9 kg/m2. presentó niveles 
elevados de insulina, HOMA-IR, TG, presión arterial sistólica y 
diastólica com parados con el grupo de adolescentes delgados 
norm oinsuliném icos. Se encontró  una correlación  positiva y 
significativa (p< 0,01) entre los niveles de insulina y el IMC. Tanto 
los varones como las hembras ubicados en los cuartiles más altos de 
IMC (1MC>24 kg/m2), tenían niveles significativamente más altos 
de insulina, HOMA- (3cell y TG, acompañados de niveles más bajos 
de HDL-C. Una alta ingesta de energía rica en grasa saturadas y una 
baja actividad física, se encontraron en estos adolescentes delgados 
pero metabólicamente alterados. En conclusión, niveles tan bajos de 
IMC como 21 kg/m2, una dieta inapropiada y una baja actividad física 
pueden ser responsables de los altos niveles de insulina y dislipidemias 
en los adolescentes.
P a lab ras clave: Insulina. índice de masa corporal, dieta, actividad 
física, insulino resistencia, adolescentes.

IN T R O D U C T IO N

The em erg ing  w orldw ide  ep idem ic  o f  type  2 d iabetes and 
card iovascu lar d isease  es tab lish es  as research  p rio rities  to 
analyze risk factors in ado lescen ts . T here  is an increasing  
evidence that acquired  ce llu la r resistance  to insulin leads to 
im paired g lucose to lerance , hyperg lycem ia, hyperinsu linem ia 
and dyslip idem ia. G enetic  factors in com bination  w ith sed ­
entary life-style, and a  h igh-energy  d iet lead to obesity. N early 
20 years ago, it w as suggested  that ind iv iduals ex ist w ho are 
not obese on the basis o f  he igh t and w eight, bu t w ho, like 
people w ith overt obesity , a re  hyperinsu linem ic , in su lin -re­

s i s ta n t ,  a n d  p r e d i s p o s e d  to  ty p e  2 d ia b e t e s ,  h y p e r ­
trig lyceridem ia , and  p rem atu re  co ronary  d isease  (1). S ince 
then , it has b ecom e increasing ly  c lea r th a t such m etabolically  
obese , norm al w eigh t ind iv iduals a re  very  com m on in the 
general population  and they probably  rep resen t one end o f 
the spectrum  o f  p eo p le  w ith in su lin  re s is tan ce  syndrom e. 
M etabo lic  obesity  cou ld  accoun t fo r the h ig h er p revalence 
o f  type  2 d iabetes and o th er d iso rders in peop le  w ith body 
m ass index (B M I) in th e  20 -27  k g /m 2 range w ho have gained  
m odest am ounts o f  w eigh t (2 -1 0  kg o f  ad ipose  m ass) in adult 
life. Such ind iv iduals m igh t be  characterized  by hyperinsu lin - 
ism  and  possib ly  by an increase  in fat cell size com pared  to
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pa tien ts o f  sim ilar age, he igh t and w eigh t (1). B ergstrom  et 
al (2 ) d e m o n s tra te d  th a t fe a tu re s  ty p ic a l o f  th e  in su lin  
r e s is ta n c e  sy n d ro m e  w e re  a lr e a d y  p re s e n t in  S w e d ish  
ado lescen ts . In add ition , Y oung and R osenb loom  (3 ) reported  
ty p e  2 d iabetes in a  pediatric  popu la tion . T he  m easurem ents 
o f  se ru m  in s u lin  c o n c e n tra tio n s  is an  a c c e p te d  w ay  o f  
estim ating  insu lin  resistance  (4) bu t there  are  no t reference 
values (no rm ative  data) availab le  in the ado lescen t age  group. 
H yperin su linem ia  is used as a b iochem ical m arker fo r insulin  
resistance  as it has itself been im plicated  in the developm ent 
and  m a in ten an ce  o f  excess ad iposity  (5 ,6). H ow ever, little 
a tten tio n  has been  paid to  the  m e tabo lic  con seq u en ces o f  
hyperin su lin em ia  in ado lescen ts , even though  such  stud ies 
m igh t p rov ide  im portan t insights in to  th e  natural h isto ry  o f  
obesity  and card iovascu lar d isease  in adu lt life. T he objective 
o f  the p resen t study  was to  de term ine  the rela tionsh ip  betw een 
insu lin  level and body m ass index, body fa t d is tribu tion , diet, 
life  sty le and lip id  profile  in adolescents.

M E T H O D S  

Su b jects
T he study w as perform ed on healthy adolescents with sim ilar 

socioeconom ic  status, from  an urban school in M aracaibo- 
V enezuela, and w ere selected in accordance w ith sex and age. 
T he study involved 167 subjects aged betw een 14 and 17 y: 68 
boys and 99 girls. All volunteers received verbal and written 
inform ation on the purpose and content o f  the study, and the 
participation was voluntary. All subjects w ere docum ented  to 
be in good health based on their health history that included 
height (m ), w eight (kg), pubertal age (estim ated according to 
Tanner’s criteria), collection o f  data on chronic disease history 
(d iabetes, hypertension, cardiovascular d isease and obesity), 
m ed ica tion  and  physica l ac tiv ity  (m in /w eek). N o n e  o f  the 
adolescents received m edication.

A n th rop om etric  assessm ent
W aist c ircum ference  w as m easured  at the um bilical level 

and h ip  c ircum ference  as the largest m easure a round  the hips. 
B iceps, triceps, su b scap u la r and  su p ra iliac  sk in fo ld s  w ere 
m easured  w ith  a L ange S kinfo ld  C aliper. H eigh t and  w eight 
w ere m easured  in the standard  fash ion , and  B M I (kg /m 2) was 
ca lcu la ted  from  these  values. W e considered  lean ado lescen ts 
w hen B M I w as = 25 kg /m 2 and obese ado lescen ts w hen B M I 
w as > 25  k g /m 2. T h e s e  c u to f f s ’ B M I w e re  e s ta b lish e d  
a c c o r d in g  to  b o d y  m a s s  in d e x  c u rv e s  r e p o r te d  by  
FU N D A C R E D E SA  V enezuela P ro ject 1994 (7).

B lood  p ressure
S ysto lic  (SB P) and d ias to lic  ([ D B P] K oro tko ff 4 lh phase) 

b lood  p ressu res w ere m easured  in th e  r igh t arm  in th e  sitting 
position  using  a standard  m ercury  sphygm om anom eter. T he

m ean  o f  tw o  b lo o d -p re ssu re  m easu rem en ts  o b ta in ed  five 
m inu tes apart w as used in the analyses.

B ioch em ica l m easu rem en ts
A fter a 12-h fasting  b lood  sam p les (10  m l) w ere co llected  

from  each  subject and  transported  and  processed  im m ediately  
after co llec tion . B lood  g lucose  w as m easured  by  the g lucose  
o x id a s e  m e th o d  ( G lu c o s e  l i q u ic o l o r  H u m a n ) . T o ta l 
cholesterol (T C ), trig lycerides (T g), H D L -C  and L D L -C  w ere 
m easu red  by en zy m a tic  m e th o d s (C h o les te ro l liq u ico lo r, 
T rig lycerides liqu ico lo r and H D L -cho lestero l liqu ico lo r test 
k its  fro m  H u m an , G erm an y  an d  c h o le s te ro l L D L , PV S 
m ethod  from  B oehringer); V L D L -C  w as determ ined  by the 
form ula: V L D L -C  = T C  -  H D L -C  -  L D L -C . Serum  insulin  
le v e l w a s  m e a s u re d  u s in g  a s o l id - p h a s e  l25I r a d io  
im m unoassay  (C oat-A -C oun t Insu lin , D iagnostic  P roducts, 
U SA ). Insulin  resistance and (3-cell function  w ere determ ined  
by the H om eostasis  M odel A ssessm en t [H O M A ] (8).

M acron u trien t in tak e
M a cro n u trien t in tak e  w as assessed  from  the su b je c t’s 

daily  reco rd  o f  food  eaten  during  7 days (inc lud ing  breakfast, 
lunch , d in n er and  snack). T he questionna ires w ere processed  
using  th e  E x p e rt S ystem  C eres, a  p ro g ram  th a t co n v erts  
dec la red  quan tities  o f  food  in to  q u an tities  o f  n u trien ts  on 
the basis o f  the food  com position  tab le  by N ational N utrition  
Institu te , F oods C om position  T able (V enezuela) (9).

D ata  an alysis
Statistical analysis w as perfo rm ed  using  the S ta t M ost 

F ram ew ork  fo r W indow s version 3 .0  softw are. F or norm ally  
d is tr ib u te d  d a ta  th e  d i f f e r e n c e s  b e tw e e n  m e a n s  w e re  
e v a lu a te d  w ith  th e  S tu d e n t’s r - te s t . F o r  n o n -n o rm a lly  
d is tr ib u te d  d a ta  d if fe re n c e s  b e tw e e n  d is tr ib u tio n s  w ere  
eva lua ted  w ith  th e  M ann  W h itn ey  U  te s t and  co rre la tio n  
analysis  w ith the  P ea rso n ’s co rre la tion  coefficient.

E th ica l con sid eration s
T he study  w as ap p ro v ed  by E th ic s  C o m m ittee  o f  the 

Institute o f C linical Investigations, and inform ed w ritten consent 
was requested and obtained from  parents in the school w here 
the study was perform ed; all adolescents w ere freely consenting.

R E SU L T S

A dolescen ts da ta  are  show n in T able 1. A n th ropom etric  
m easurem en ts, H O M A  IR  Index  and b lood  p ressu res w ere 
sign ifican tly  d ifferen t betw een  boys and  girls. A cco rd ing  to 
th e  c r i te r ia  o f  T anner bo th  b o y s  and  g ir ls  w ere  p uberta l 
a d o le s c e n ts  (b o y s  8 9 .7 %  T a n n e r  IV -V  p u b ic  h a ir  and  
gen ita ls; girls 97 .9%  Tanner IV -V  b reas t and pubic  hair, after 
the onset o f  m enses). They w ere norm otensive and had  fasting
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serum insulin levels that w ere above o u r reference value (84 
pm ol/L). In both boys and g irls, B M I w as positively  (p< 0.05) 
correlated to  central fa t d istribu tion , estim ated as subscapu lar/ 
triceps ra tio , and  w ith  b o th  c irc u m fe re n c e  an d  sk in fo ld  
m easurem ents (p< 0 .001) (Table 2). In boys, an th ropom etric  
m easurem ents w ere  co rre la ted  positively  w ith serum  insulin, 
H OM A  insulin  res istance  (IR ), T C  and L D L -C  values and 
negatively w ith H D L -C  (T able 3). In contrast, an th ropom etric  
m easurem ents in g irls w ere  co rre la ted  positively  only  with 
systolic and d ias to lic  b lood  p ressu res  and negatively  w ith 
HDL-C (Table 3). B oth boys and g irls in the h ighes t B M I 
quartile (boys > 23.7  kg /m 2, girls > 24 kg /m 2) had significantly  
higher serum  insulin  levels, H O M A  P-cell function  (P-cell), 
and Tg values and low er H D L -C  values than ado lescen ts in 
the low est quartile  (boys and  g irls < 19.6 kg /m 2). B oys also 
had higher m ean H O M A  IR , L D L -C  and V L D L -C  values in 
the 4 lh quartile  and girls presen ted  h igher SB P and D B P values 
in the 4 lh quartile  (T able 4). In bo th  boys and g irls , there  
were no sign ifican t co rre la tions betw een serum  insulin  and 
serum lipid values (data  no t show n).

A s show n in T able 5, am ong  the 167 ado lescen ts studied, 
we found that 139 sub jec ts had B M I = 25 kg /m 2 (lean) and 
28 w ith B M I >25 k g /m 2 (obese). They w ere d iv ided  in 4 
groups (A, B , C and D ) accord ing  to  the cu to ff insu lin  value 
(84pm l/L): G roup  A  that w as lean  and had insulin  values < 
84 pmol/1. G roup  B had a  sligh tly  h igher B M I and skinfo lds 
values than G ro u p  A . H y p erin su lin em ia  (> 8 4 p m o l/L ) and 
significantly (p= 0 .00000 ) h igher H O M A  IR  and H O M A  P- 
cell index w ere found  in G roup  B com pared  w ith  G roup  A. 
A lso G roup  B had  s ig n ifican tly  h ig h e r serum  trig ly cerid e  
and a h igher systo lic  and  d ias to lic  b lood pressure than  G roup
A. T he physical ac tiv ity  (m in /w eek ) w as low er in G roup  B 
than in G roup  A . In add ition , w aist c ircum ference  w as h igher 
than  th e  G ro u p  A . In  su m m a ry , in s u lin  re s is ta n c e  an d  
h y p e rin su lin em ia  o c c u rre d  to g e th e r  in  th e se  no n  o b ese , 
norm oglycem ic ado lescen ts . T hey  w ere m etabolically  m ore 
affected than the G roup  C.

TA B L E  1 

A do lescen ts charac te ristics

n
Boys

68
Girls

99
P

Age (years) 15.5 ±. 1.0 15.8 ± 0 .9 ns
Anthropometry
Weight (kg) 63.9 ±12 .2 55.5 ± 9 .3 0.0000
Height (m) 1.69 ± 0.07 1.58 ± 0 .0 4 0.0000
BMI (Kg/m2) 22.2 ± 3 .4 22.1 + 3 .7 0.4
Waist (cm) 73.6 ± 9 .2 67.2 ± 6 .9 0.0000
Hip (cm) 91.7 ± 8 .3 89.8 ± 7 .4 0.06
Waist to hip ratio 0.79 ± 0 .0 4 0.74 ± 0.04 0.0000
Skinfolds (mm)

Biceps 8.4 ±5.1 11.8 ± 4 .6 0.0000
Triceps 14.6 ± 6 .5 20.3 ± 6 .0 0.0000
Subscapular 15.2 + 8.4 19.0 ± 6 .9 0.001
Suprailiac 15.5 ± 9 .2 17.5 ± 6 .4 0.05
Subscapular to Triceps ratio 1.03 ± 0.25 0.94 ± 0 .24 0.009

Fasting Glucose (mmol/L) 4.67 + 0.46 4.49 ±  0.45 0.01
Fasting Insulin (pmol/L) 100.8 + 49.8 90.6 ± 40 .8 0.07
Homa IR Index 3.5 ± 1 .8 3.03 ± 1 .3 0.02
Homa p-cell Index 337.9 ±260 .3 428.9 ±491 .2 0.08
Blood pressure (mm Hg)

Systolic 113.8 ± 9.7 105.7 ± 8 .6 0.0000
Diastolic 71.0 ± 6 .9 68.3 ± 7 .4 0.01

Data are means ±  Standard Deviation.

TA B L E  2
A ssocia tions betw een  B ody M ass Index , C ircum ferences 

and  S k in fo lds in ado lescen ts

BMI
(kg/m-’)

Circunferences (cm) Skinfolds (mm)

Waist Hip W/H Bicipital Triceps Subscapular Subscapular
to

triceps ratio

Boys
Girls

0.85+
0.82?

0.85+ 0.30* 
0.81+ 0.52+

0.58?
0.65+

0.71 + 
0.82+

0.78+
0.84+

0.24*
0.28

*p<0.05; ? p <0.001

TA B L E  3
A ssocia tions betw een  an th ropom etric  m easurem ents and  serum  insu lin , serum  lip ids and  b lood  p ressu re

Insulin HOMA
IR

HOMA
B-cell

TC Tg HDL-C LDL-C VLDL-C SBP DBP

Boys
BMI (kg/m2) 0.38 + 0.37 ± 0 .2 3 * 0.40 + 0.18 -0.23* 0.37 + 0 .3 5 1 0 .2 5 * 0.10
Waist Circumference (cm) 0 .3 6 1 0 .3 6 1 0.22 0 .3 2 1 0 .2 8 1 -0.25 t 0.30 t 0 .24* 0.23 0.08
Waist to hip ratio 0.15 0.15 0.15 0.31 t 0 .23* -0.21 0.35 t 0.08 0.14 0.02
Subscapular skinfold (mm) 0 .3 4 1 0 .3 4 1 0.14 0.40 + 0.21 -0.23 * 0.42 + 0.26 0.14 -0.06
Subscapular to triceps ratio -0.06 -0.16 -0.16 0.11 0.10 -0.36 t 0.20 0 .2 9 1 0.05 0.05
Girls
BMI (kg/m2) 0.17 0.14 0.16 -0.04 0.09 -0.28 t 0.09 -0.06 0.34 + 0.27 t
Waist Circumference (cm) 0.16 0.17 0 .2 2 * 0.01 0.21 * -0 .2 9 1 0.16 -0.01 0.37 i 0.31 +
Waist to hip ratio -0.01 0.0002 0.07 0.03 0 .2 2 1 -0.18 0.10 0.13 0 .1 9 * 0.25 t
Subscapular skinfold (mm) 0.17 0.15 0.12 0.06 0.14 -0.20 * 0.18 -0.03 0.42 + 0 .2 6 1
Subscapular to triceps ratio 0.11 0.06 0 .23* 0.06 0 .23* -0.18 0.09 0 .1 9 * 0.21 t -0.05

* p < 0.05; t  p á  0.01 ; ? p < 0.001
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T A B L E  4
Insu lin  levels, lip id  pro file  and b lood p ressu re  values by body m ass index  quartiles

1
Boys (n = 

2 3
68)

4

BMI Quartiles 

Variation 1
Girls (n = 99)

2 3 4 Variation

Fasting Insulin (pmol/L) 77.4 97.8 90.6 131.4 4>1 t 75.0 89.4 100.2 97.2 4>1 t  :3>1 *
Homa IR index 2.5 3.5 3.8 4.6 4>1 f 2.6 3.0 3.3 3.2
Homa P-cell index 367.3 261.3 293.3 455.5 4>2 t 252.2 426.8 432.1 606.8 4>1 t ; 2>1 *
Tg (mmol/L) 0.82 0.72 0.71 1.08 4 > 2 t  ; 4>3 t 0.80 0.84 0.86 0.97 4>1*
CT (mmol/L) 3.11 3.11 3.73 3.71 4>1 t ;  4 > 2 1 ; 3 > 11 3.70 3.61 3.84 3.72
HDL-C (mmol/L) 1.10 1.13 11.5 0.94 4 < 2 * ; 4<3 * 1.28 1.19 1.26 1.11 4<1 *
LDL-C (mmol/L) 1.8 1.62 2.07 2.31 4>1 * ; 4>2 t ; 3>2 * 2.07 2.04 2.17 2.21
VLDL-C (mmol/L) 0.21 0.37 0.46 0.46 4>1 ? ;3 > 1  * ; 2>1 ± 0.36 0.36 0.36 0.40
SB P(m m  Hg) 110.6 111.6 118.7 117.1 3>1 * ; 3>2 * 102.4 103.8 106.2 110.8 4 > l i ; 4 > 2 + : 4>3 *
D B P(m m  Hg) 68.0 72.6 72.1 70.6 2>1 * 65.8 67.0 68.6 72.0 4 > l t ; 4 > 2  *

* p <  0.05; t P< 0.01; 4 p<  0.001 . Mean values for each variable are shown. BMI Quartiles: Boys: 1) < 19.6; 2) 19.6 -  20.8; 3) 20.9 - 23.7; 4) >23.7. Girls:
1 )<  19.6; 2) 1 9 .6 -2 1 .4 ;3 )  2 1 .5 - 24; 4) >24. TC: 0.02586 mmol/L is equal to 1 mg/dL. Tg: 0.01129 m m ol/L is equal to 1 mg/dL.

TA B L E  5
C lin ical and  m etabo lic  characteristics o f  ado lescen ts by insu lin  levels and  body  m ass index

BMI < 25 kg/m 2

A. Insulin B. Insulin 
< 84 pmol/L > 84 pmol/L

BMI > 25 kg/m:

C. Insulin D. Insulin 
< 84 pmol/L > 84 pmol— L

A-B A-C A-D B-C

P

B-D C-D

n 76 63 10 18
Age (years) 15.6+  2.0 1 5 .5 1 0 .9 15 .7 1 0 .9 15 .911 .06
Physical Activity (min/week) 198.0 ± 176.4 134.51131.1 190.51288.1 202.8 1 2 2 9 .2 * ns ns ns * ns
Anthropometry

BMI (Kg/m2) 20 .4+  2.1 2 1 .5 1 1 .9 2 8 .4 1 3 .6 28.3 1 2 .4 ** ** ** ** ** ns
Waist (cm) 66.3 1  5.4 6 8 .5 1 5 .7 80.1 1 6 .6 83.3 + 11 .0 * ** ** ** ** ns
Waist / hip 0.75 ± 0.04 0 .7 5 1 0 .0 4 0 .7 9 1 0 .0 4 0 .8 1 0 .0 6 ns * ** * ** ns
Skinfolds (mm)

Biceps 8 .5 +  3.8 1 0 .3 1 4 .6 16.5 + 5.3 15.5 + 5.2 * sfc* ** ** ** ns
Triceps 15.5 ± 5.6 17.1 1 4 .9 2 6 .3 1 8 .0 2 6 .6 1 6 .0 * ** ** ** ** ns
Subscapular 14.4+  5.3 16 .3 1 5 .6 2 6 .5 1 7 .8 2 9 .4 1 8 .2 * ** ** ** ** ns
Suprailiac 13.9+  5.4 15.416.1 2 4 .4 1 8 .6 28.6 + 7.3 ns ** ** ** ** ns
Bic+Tri+Sub 38 .6 1 1 3 .7 4 3 .6 1 1 3 .0 6 9 .3 1 1 9 .6 7 1 .1 + 1 8 .9 * ** ** ** ns
Sub/Tri 0.95 1  0.21 0 .9 6 1 0 .2 7 1 .0 3 1 0 .2 1.12 + 0.26 ns ns * ns * ns

Clinical Chemistries
Fasting Glucose (mmol/L) 4 .5 4 1 0 .2 1 4 .6 2 1 0 .4 8 4 .3 9 1 0 .5 7 4 .6 1 0 .5 4 ns ns ns ns ns ns
Fasting Insulin (pmol/L) 6 3 .6 1  12 1 2 0 .6 1 3 9 6 4 .2 1 1 7 .4 147.0 + 55.2 ** ns ** ** * **

Homa 1R Index 2.1 1 0 .4 4.1 1 1 .4 2 .4 1 0 .7 5 .0 1 2 .0 ** ns ** ** * **

Homa P-cell Index 2 4 6 1 1 4 5 491 1 4 8 0 .6 5 3 0 .61859 .5 563 .41392.1 ** * ** ns ns ns
TC (mmol/L) 3 .5710.68 3 .5 9 1 0 .7 5 3 .5 6 1 0 .6 8 3 .8 4 1 0 .5 5 ns ns * ns ns ns
Tg (mmol/L) 0 .7 8 1 0 .3 5 0 .9 0 1 0 .4 9 0 .8 5 1 0 .4 0 0.96 + 0.37 * ns * ns ns ns
HDL-C (mmol/L) 1 .19 1 0 .2 8 1 .18 1 0 .2 6 0 .9 1 0 .2 3 1 .1 0 1 0 .2 9 ns ** ns ** ns *

VLDL-C (mmol/L) 0 .3 5 1 0 .1 9 0 .3910 .21 0 .3 2 1 0 .1 4 0 .4 3 1 0 .2 6 ns ns ns ns ns ns
LDL-C (mmol/L) 1 .98 1 0 .6 2 2 .0 0 1 0 .6 8 2 .3 3 1 0 .8 4 2.31 ± 0 .4 9 ns * * ns t- ns

Blood Pressure (mmHg)
Systolic 106 .4 1 9 .8 109 .8110 .0 114 .0 1 6 .9 114 .4 1 7 .0 * * ** ns * ns
Diastolic 6 7 .8 1 7 .4 6 9 .9 1 6 .5 7 1 .0 1 8 .4 73.3 8.0 * ns * ns % ns

p < 0.05; * * p <  0.001
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G roup C  obese ado lescen ts (B M I> 25kg /m 2) w ith norm al 
insulin values (<84 pm ol/L ), (Table 5) had sim ilar insulin levels 
and H O M A  IR  values and  h ig h er (p= 0 .004) H O M A  (i-cell 
values com pared  to  G roup  A . D esp ite  th is, h ig h e r L D L -C , 
systolic b lood  p ressu re  an d  th e  low est H D L -C  value w ere 
observed. T hese h igh levels m ight be related to  an increase in 
BM I as it w as established in  Table 2. T his g roup  had sim ilar 
BMI and skinfolds to  the obese hyperinsulinem ic group  (G roup 
D) and the low est level o f  H D L -C  o f  all g roups (Table 5).

G roup D , obese  ado lescen ts w ith  insu lin  levels >  84 pm o l/ 
L, had an th ropom etric  m easurem en ts, fasting  insulin  level, 
H O M A  IR , T C , T G  L D L -C , sy s to lic  an d  d ia s to lic  b lood  
pressure values s ign ifican tly  h ig h er and  H D L -C  low er than 
G roup A. C entral fat d is tribu tion  (subscapu la r to  triceps ratio )

w as sign ifican tly  h igher (p= 0 .003) in these  obese  ado lescen ts 
w ith h ig h er insulin  levels com pared  w ith  in G ro u p  A  (Table 
5 ), hav ing  boys a h ig h er ra tio  [p< 0 .0000] (T able 1).

In genera l, daily  in take o f  energy  and  nu trien ts  am ong  
the  ado lescen ts w ere  h ig h er than  requ ired  (ca lcu la ted  on the 
basis o f  age, w eight, sex and physical activity). H igh protein, 
fat and carbohydrate intake w as observed according to  the intake 
to required  ratio  values. D ietary fat cam e m ainly  from  saturated 
fatty acids. M onounsaturated  fatty acids intake did not reach 
14% o f  total fa t in take and  th e  P /S  ratio  w as less than  2 .00  
(recom m ended ratio). L ow  intake o f  vegetables, legum es and 
fru its was observed. A lthough no  statistically significant, G roup 
B had  the h ighest in take o f  protein and saturated fat and the 

low est intake o f  m onounsaturated  fat (Table 6).

TA BLE 6
D aily  in take o f  energy and nu trien ts o f  the ado lescen ts by insulin  levels and  body  m ass index

BMI < 25  kg/m- BMI > 25 kg/m 3 p
A. Insulin B. Insulin C. Insulin D. Insulin A-B A-C A-D B-C B-D C-D

Energy or Nutrient < 84 pmol/L > 84 pm ol/L < 84 pmol/L > 84 pmol/L

N 33 37 8
Energy (Kcal)

Required 2199.1 ± 352.6 2144.2 ±311 .89 2309.3 ±501
Intake 2728.5 ± 972.2 2862.27 ±921.64 2440.2 ± 722
1/Rx 100 123.7 ±  38.0 131.94 ±36 .48 105.7 ±35.5

Protein (g)
Required 77 .12+  12.45 75.59 ±9 .63 80.7 ±17 .4
Intake 107.8+  38.08 112.75 ±32 .82 103.1 ±  35.0
l/R x 100 140.81 ± 39.41 150.02 ±38 .97 126.8 ±27 .5

Fat(g)
Required 73.42 ±11 .7 72.05 ±  9.07 80.5 ±15 .5
Intake 103.0+  50.39 106.91 ± 41 .5 8 101.5 ±49 .2
I/R x 100 139.21 ± 52.8 148.59 ± 50 .5 2 129.8 ±49.1

Saturated 61.3+ 43 .01 63.37 ±  35.85 51.5 ±32 .8
Monounsaturated 2.57 ± 3 .0 1.78 ± 2 .7 8 4.7 ± 5.8
Polyunsaturated 25.27 ± 1 3 .9 22.72 ± 9 .6 8 18.8 ± 9 .5
Modified fat ° 31.12 ±  26.76 34.4 ±29 .59 38.9 ± 26.5
P/S ratio 0.25 ±0 .35 0.45 ± 0 .3 2 0.50 ± 0 .38
Carbohidrate (g)

Required 307.84 ± 49 .3 4 303.18 ± 3 9 .6 9 323.2 ±69 .8
Intake 3 3 5 .0 ±  131.1 377.18 ±129 .04 286.2 ±98.1
l/R x 100 125.5 ±81 .34 126.51 ± 40 .4 9 89.8 ±26.1

18

2316.6 ±516 .7 ns ns ns ns ns ns
2768.6 ±1018.1 ns ns ns ns ns ns
119.8 ±35 .5 ns ns ns * ns ns

81.3 ±  17.7 ns ns ns ns ns ns
104.3 ±39 .5 ns ns ns ns ns ns
126.8 ± 3 7 .8 ns ns ns * * ns

77.1 + 17.0 ns ns ns * ns ns
94.5 ± 4 6 .4 ns ns ns ns ns ns
121.2 + 39.7 ns ns ns ns * ns
48.7 ± 25.6 ns ns ns ns ns ns
3.8 ±  3.7 ns ns ns * * ns
17.7 + 8 .2 ns ns * ns * ns
35.6 ±  30.1 ns ns ns ns ns ns
0.47 ± 0.25 ns ns ns ns ns ns

324.2 + 72.2 ns ns ns ns ns ns
393.6 ± 150.6 ns ns ns * ns *

121.6 + 41 .2 ns ns ns * * *

* p < 0.05. Data are means ± SD 
0 From fried foods, mayonnaise and margarines 
l/R: Intake/Required

DISCUSSION

T his study fo u n d  th a t 37%  o f  th e  ado lescen ts w ith  B M I 
21.5 ±  19 kg /m 2 (G ro u p  B ) p resen ted  h ig h e r  fasting  insulin  
levels, H O M A  IR , T g , systo lic  and  d ias to lic  b lood  pressure 
values w hen  com pared  to  G roup  A .

T he m ean insu lin  values w ere  s im ila r in  bo th  boys and 
g irls. H o ffm an  e t al (1 0 ) h av e  d e m o n s tra te d  tha t in su lin  
sensitivity  is g rea te r in pubertal and  early  pubertal boys than

g irls  and is p rim arily  d eterm ined  by body m ass. It has been 
su ggested  that ind iv idua ls ex is t w ho  a re  n o t o b ese  on  the  
b asis  o f  he igh t and  w eigh t, bu t w ho, like  peop le  w ith  overt 
o b e s i ty ,  a r e  h y p e r in s u l in e m ic ,  in s u l in  r e s i s t a n t  a n d  
p red isp o sed  to  ty p e  2  d iab e te s , h y p e rtr ig ly c e rid e m ia  and  
p rem atu re  heart d isease  ( 1,11 ). In add ition , cen tra l abdom inal 
ad iposity , even w hen estim ated  c rude ly  by an th ropom etric  
m easures, p red ic ts the developm ent o f  type  2 d iabetes (12), 
c a rd io v a sc u la r  m o rb id ity  and  m o rta lity  (1 3 )  and  is now
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recogn ized  as  part o f  th e  m etabo lic  synd rom e tha t includes 
insulin  resistance, dyslip idem ia and  hypertension (14). C entral 
ad iposity  is strong ly  re la ted  to  in su lin  resistance , w hich is 
c o n s id e re d  th e  p re c u r s o r  o f  ty p e  2 d ia b e te s  (1 5 ) . T h e  
ab d o m in a l fa t d ep o t m ay  in d u ce  d e te r io ra tio n  in  in su lin  
sensitiv ity  th rough  its characteristic  h igh  lypo lysis (16) and 
its rap id  tu rnover o f  fatty  acids (17). B oth  insu lin  resistance  
and cen tra l ad iposity  w ere p resen t in ado lescen ts in G roup
B. A rslan ian  e t al (18) dem onstra ted , tha t in nonobese  norm al 
ch ild ren , p ercen t ad iposity  is an im portan t co rre la te  o f  in vivo 
in s u lin  s e n s itiv ity . H o w ev er, in d e p e n d e n t o f  d e g re e  o f  
ad ip o s ity , th e re  re m a in s  s ig n ific an t re la tio n sh ip  be tw een  
d ia s to lic  b lood  p re ssu re  and in su lin  sens itiv ity  as w ell as 
insulin  levels in p repuberty , and insulin  levels and V L D L  in 
pubertal sub ject, possib ly  signaling  the in itiation  o f  syndrom e 
X  in ch ildhood .

Ferrari e t al (19) observed  that lean offspring (B M I<22.5  
kg /m 2) w ith one hypertensive paren t, had sign ifican tly  h igher 
systo lic b lood  p ressu re  and they w ere insulin  resistan t. T h is 
situation  has also  been  reported  in nonobese, no rm oglycem ic  
offsp ring  an d /o r first degree  relatives o f  pa tien ts w ith type  2 
d iabe tes  (20). S im ilarly , our G roup  B w ere first o r second  
d eg ree  re latives o f  pa tien ts w ith type 2 d iabetes [49 %  (31 / 
63)] and /o r hypertension  [(76%  (48/63)]. T he  fam ily  h isto ry  
fo r d iabetes w as sligh tly  h igher in G roup  B com pared  w ith 
group  A (49%  vs 44% ). B oth had sim ilar percen tage fo r fam ily 
h is to ry  o f  hypertension . A ccord ing  to  this resu lt the alteration  
observed  in G roup  B m aybe related  to  o ther factors.

B ergstrom  et al (2) reported  that du ring  m idpuberty  serum  
in su lin  v a lu es in b o th  boys and  g ir ls  w ere  h ig h e r  in the  
y o unger age  group . In th is study, the m ean age  in G roup  B 
w as no t d iffe ren t to  tha t o f  ado lescen ts w ith sim ilar o r h igher 
B M I. It has been  suggested  tha t th e  peak  in serum  insulin  
level in m idpuberty  resu lts from  an increased  resistance  to 
insulin  (21). In fact, T able 5 show s that G roup  B , w ith  high 
fas tin g  in su lin  levels, h ad  H O M A  IR  values s ig n ifican tly  
h ig h er (2 fo ld ) than  those  o f  the G roup  A. Insulin  is know n to 
have  a  g row th  h o rm one-like  effect, and an increased  level 
m ay be  caused  by an increased  secretion  o f  insulin  rela ted  to 
the puberta l g row th spurt. In effect, G roup  B had significantly  
h igher H O M A  (5-celi index, indicative o f  non-im paired  insulin 
secre tion . T hey a lso  had  h igher tr ig lyceride  levels, a  good  
m arker fo r risk  o f  a therosclerosis at an early  age (22). A m iel 
e t al (23 ) suggest th a t insulin  res istance  d u rin g  p uberty  is 
restric ted  to  periphera l g lucose  m etabolism . Selective insulin  
re s is tan ce  lead ing  to  com pensa to ry  h y p erin su lin em ia  m ay 
serve  to  am plify  in su lin ’s effect on am ino  acid  m etabolism , 
thereby  fac ilita ting  protein  anabolism  during  th is period  o f  
rap id  grow th.

In genera l, increases in insulin  resistance  tend  to  parallel 
th e  increases in B M I. T h is w as observed  in th e  ado lescen ts 
stud ied  (Table 3). H ow ever, a sm all g roup  (G roup  C ) w ith

B M I> 25 kg /m 2 had  fasting  insulin  levels as low  as G roup  A. 
Param eters linked to  insu lin  res istance  (h igh  insulin  level, 
high trig lyceride  levels, low  H D L -C  and  high b lood p ressure) 
w ere found in the sub jec ts  o f  th is study and em phasize  the 
im portance o f  increases in B M I in ado lescen ts. U niversal 
defin ition  o f  obesity  re la ted  to  cu to ff in ado lescen ts has no t 
been estab lished . In  V enezuela, the 90 lh and  9 7 lh o f  body m ass 
index  fo r age  and  sex have  been  reco m m en d ed  to define  
o v e rw e ig h t  a n d  o b e s i ty  b a s e d  o n  F U N D A C R E D E S A  
V enezuela P ro jec t (7). C o le  e t al (24) p roposed  cu to ff po in ts 
to  define ch ild  obesity . T hese  cu to ff po in ts are recom m ended  
fo r in ternational com parisons o f  p revalence  o f  overw eigh t 
and obesity. A cco rd ing  to  C o le  et al da ta  (24) the G roup  B, 
h a v in g  a B M I= 2 1 .5  k g /m 2 (1 5 .5  ±  0 .9  y e a r s )  c an  b e  
considered  lean. A do lescen ts  w ith B M I> 25  k g /m 2 w ill be 
obese. T he G roup  B had an increase  in ad ipose  tissue m ass 
(m easured by sk info lds and w aist c ircum ference) com pared  
w ith norm oinsu linem ic  ado lescen ts in G roup  A. B M I w as 
p o sitiv e ly  c o rre la te d  (p < 0 .0 5 ) to  c en tra l fa t d is tr ib u tio n  
estim ated  as the subscapu lar to  triceps ratio . A lso , B M I w as 
significan tly  co rre la ted  w ith c ircum ferences (w aist, h ip  and 
w aist/h ip  ratio ) and  sk in fo lds (Table 2). C entral obesity , like 
h y p e r in s u l in e m ia  a n d  in s u l in  r e s i s t a n c e ,  n o t o n ly  
accom pan ies bu t a lso  an teda tes m etabo lic  d iso rders such as 
type 2 d iabetes (11 ,25) and  co ronary  heart d isease  (26). T hat 
it m ay be a very early  even t is suggested  by the finding o f  
the B ogalusa  H eart S tudy  (27 ,28) tha t increases in central 
fat, as reflected  by increases in subscapular, suprailiac  and 
subcostal sk in fo ld  th ickness, co rre la te  closely  w ith increases 
in p lasm a insulin , b lood p ressure, and trig lycerides in school- 
aged (6-18 y) ch ild ren .

T h is study also  found  variations in serum  insulin levels, 
partly  caused  by v a ria tions in daily  d ie ta ry  in take . D aily  
in ta k e  o f  e n e rg y  a n d  n u tr ie n ts  w e re  h ig h e r  th a n  th e  
requirem ents calculated  fo r gender, ages and physical activity. 
A  r e c e n t  r e p o r t  s u g g e s ts  th a t  h ig h - p ro te in  d ie ts  m ay  
contribu te  to  the m ore rap id  p rogression  o f  type  2 d iabetes 
from  IG T  (29). K itagaw a e t al (30) dem onstra ted  tha t an 
in c re a s e d  in c id e n c e  o f  n o n in s u lin  d e p e n d e n t d ia b e te s  
m ellitus am ong  Japanese  schoo lch ild ren  co rre la tes w ith an 
increased in take o f  an im al p ro tein  and  fat. In take  o f  anim al 
fat increased  th e  consum ption  o f  sa tu ra ted  fatty  acids that 
m ay  in c rease  in su lin  levels and  d e c rea se  P /S  ra tio ; these  
nutritional a lterations increase the card iovascu lar d isease risk.

A no ther fac to r p resen t in  the G ro u p  B w as the low est 
p h y s ic a l a c tiv ity  in  c o m p a r is o n  w ith  G ro u p  A . T h e s e  
ado lescen ts requ ire  n e ither the h igh  in take o f  ca lo ries no r 
th e  larger am o u n t o f  carbohydrates. Physical activ ity  has a 
b enefic ia l e ffec t in red u c in g  p lasm a insu lin  levels am ong  
p eo p le  w ith  and  w ith o u t type  2 d ia b e te s  (31). M o d e ra te  
a m o u n ts  o f  p h y s ic a l a c tiv ity  h av e  a  s ig n if ic a n t ro le  in  
reducing  the burden  o f  hyperin su linem ia  and  d iabetes am ong



LEAN ADOLESCENTS WITH INCREASED RISK 45

ethnic populations at h ighest risk  fo r these  cond itions (32). 
Daily physical activity is im portan t to  decrease  risk  fo r insulin 
r e s is ta n c e . G ro u p  B w ith  lo w  p h y s ic a l  a c t iv i ty ,  
hyperinsu linem ia and  insu lin  re s is tan ce  have h igh  risk  to  
develop diabetes.

In conclusion, this study  show s that ado lescen ts w ith B M I 
as low as 21.5 kg /m 2, bu t exh ib iting  hyperinsu linem ia  and 
insulin resistance, th a t co -ex is t w ith low  physica l activ ity  
and high energy, anim al p ro tein  and fat intake, are at increased 
risk for obesity , card iovascu lar d isease and  d iabetes.
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