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Sugar metabolism in obese children
By
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((R eceived N o v em b er 23, 1974)

I n  obese ch ild ren  th e  glucose to le ran ce  cu rve resu lts  in  h ig h  blood 
su g ar va lues. A  patho log ic  rise o f  th e  se ru m  insu lin  level m a y  o ccu r even  
w ith  n o rm al b lood  sugar curves a n d  th e  in su lin  levels te n d  to  b e  h ig h e r in  
ob esity  o f  long  stan d in g . I n  obese ch ild ren  o f  fam ilies w ith  d iab e te s , p o s t
load ing  insu lin  levels w ere co m p a ra tiv e ly  low er. I t  is suggested  t h a t  th is  
w eaker in su lin  response is re la ted  to  a  p red iab e tic  s ta te .

In obese persons a glucose load is 
often followed by a high, protracted 
blood sugar curve, usually accompa
nied by high blood insulin levels [1,7]. 
Without diabetic affliction, the phe
nomenon is closely linked to obesity
[8], and the abolition of obesity will 
lead to the normalization of carbohy
drate metabolism [31.

The present paper reports on a study 
of the incidence of pathologic blood 
sugar curves after a glucose load in 
obese children and of the relation
ship of the changes in the blood sugar 
insulin levels.

M a t e r i a l  a n d  M e t h o d

A  to ta l  o f  32 p a tie n ts , 16 boys an d  16 
g irls , ran g in g  in  age  from  5 to  16 years 
w as s tu d ied . T h e ir b o d y  w eig h t as co m p ar
ed  to  bo d y  len g th  w as in  a ll cases above 
th e  97 p ercen tile ; i t  exceeded  by  52% 
th e  m e a n  w eigh t n o rm a l fo r bo d y  length .

T h e  p a tie n ts  w ere d iv id ed  in  tw o groups 
acco rd in g  to  th e  d u ra t io n  o f  obesity :

2 to  6 y e a rs  an d  m ore th a n  6 y e a rs . T here  
w ere  16 cases in  each g roup . T h e  fam ily  
h is to ry  rev ea led  d iabe tes  in  th e  re la tiv e s  
o f  9 ch ild ren . I n  tw o  cases one  o f  th e  p a r 
en ts , in  tw o  a  sib ling  w as d ia b e tic ; in  tw o  
cases th e re  w ere d iab e tics  a m o n g  b o th  
th e  p a te r n a l  an d  th e  m a te rn a l re la tiv e s  
a n d  in  th re e  cases am ong  th e  g ra n d 
p a re n ts .

T he  ch ild ren  received a  g lucose  load  
o f  1.76 g  p e r  kg  o f  b o d y  w e ig h t o n  a n  
e m p ty  s to m ach . B lood g lucose a n d  in su lin  
levels w ere  d e te rm ined  befo re  a n d  60, 
120 a n d  180 m in u tes  a f te r  th e  lo ad , b lood  
su g a r  fro m  cap illa ry  blood b y  th e  o rth o - 
to lu id in e  b lue  m ethod , in su lin  b y  th e  In s u 
lin  R ad io -im m u n o -assay  K i t  (A m ersham ) 
b a sed  on  th e  double a n tib o d y  se p a ra tio n  
m e th o d  o f  Morgan an d  L azarow  [6] 
a n d  H ales  a n d  R an dle  [5].

A cco rd in g  to  Y alow  a n d  B er so n  [9, 
10], th e  n o rm al blood in su lin  v a lu e  o f  a  
70 k g  a d u lt  ranges from  0 to  66 ,itU/ml 
a f te r  fa s tin g , a n d  am o u n ts  to  139 +  14 
(18 to  342) an d  106 +  10 (21 to  233) a t  
60 a n d  120 m in , resp ec tiv e ly , a f te r  th e  
o ra l a d m in is tra tio n  o f  100 g o f  g lucose. 
Gu t h r ie  e t  al. [4] found  th e  follow ing 
figu res in  40 h e a lth y  ch ild ren : fa s tin g , 0 to
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T a b l e  I

Blood sugar curve Insulin  curve

D uration of obesity
norm al pathologic pathologic norm al pathologic

2 to  5years 3 7 1 2 9
More than  5 years 3 4 5 12

T a b l e  I I

Norm al
S ligh tly

patho log ic Pathologic

Blood sugar curve 1 4 4
Insulin curve 3 — 5

42 /jXJ/ml; 60 m in u tes  a f te r  th e  load , 20 
to  105 /tU /rn l ; an d  a t  120 m in u te s , 20 to  
89 /tU /rn l . C ontro l blood su g a r v a lu es  a f te r  
lo a d in g  a n d  th e ir  sc a tte r in g  fro m  th e  3rd 
to  9 7 th  p e rcen tile  w ere d e te rm in e d  in  
200 h e a l th y  children .

T h e  b lood  sugar cu rv e  w as a rb i tra r ily  
c o n s id e re d  patho log ic  if  co m p a red  to  th e  
d a ta  o f  G u t h b i e  e t a l. a t  le a s t tw o  o f th e  
v a lu e s  m easu red  a t  60, 120 a n d  180 m in , 
s u rp a s se d  th e  97th  p e rcen tile . I f  tw o  of 
th e  v a lu e s  w ere h ig h er th a n  th e  9 0 th  p e r
c e n ti le , th e  curve w as considered  s ligh tly  
p a th o lo g ic a l . A n insu lin  leve l d isp lay in g  
a n  in c re a s in g  ten d en cy  a t  60 m in u te s  a f te r  
lo a d in g , o r  a  value h ig h er th a n  100 /ЛТ/m l 
w as  re g a rd e d  as pa th o lo g ica l.

R e s u l t s

The blood sugar and insulin curves 
after loading were determined in the 
first group of 23 obese children 
without diabetic relatives. Results are 
seen in Table I. The second group 
(9 children with diabetic relatives) in 
view of the small number of cases has 
not been subdivided according to the 
length of the history. Pertaining

results are seen in Table II. In a case 
the insulin curve was so irregular that 
it did not fit into the above classifi
cation: the initial value of 270 /Л] 
dropped after loading by 100 yU/ml 
without a further rise.

The blood sugar and insulin curves 
are shown in Tables III, IV and V. 
Table III contains the data classified 
according to the duration of obesity 
of children with no familial diabetes. 
In their case the increase in the insu
lin level was related to the duration 
of obesity; if it had started not more 
than 5 years ago, the rise was less 
marked.

In Table IV the data of the same 
children are classified according to the 
character of their blood sugar curve. 
In cases with a pathologic blood sugar 
curve the rise of the insulin level was 
greater than in the other two groups.

Table V illustrates the blood sugar 
and insulin curves of obese children 
with diabetic relatives in comparison 
with the overall values for the other
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T a b l e  I I I

B lood su g ar a n d  insu lin  levels a f te r  glucose load  vs. d u ra tion  o f  o b es ity  
(no fam ilia l d iab e tes)

N um ber
D uration of obesity

Blood sugar level, mg/100 ml
of

cases F asting 60 m in 120 min 180 m in

i l 2 to  5 years 9 2 ± 5 147± 6 130±5 113± 4
12 More than  5 years 101 ± 8 156±13 132±12 118 ± 9

In su lin  level, /.tU /m l

11 2 to  5 years 4 0 ±  7 152±29 164±15 111 ± 2 5
More than  5 years 5 8 ±  7 248 ± 1 6 192±19 184±24

T a b l e  IV

B lood su g ar an d  insu lin  levels vs. th e  ty p e  o f  blood sugar an d  
in su lin  cu rves

N um ber
Type of blood sugar curve

Blood sugar level, mg/100 ml
of

cases F asting 60 m in 120 min 180 m in

6 Normal 88 ±  5 117 ±  6 130± 4 101 ±  2
i l Slightly pathologic 105±  5 155±  9 127 ±  4 113±  6
6 Pathologic 92 ±  7 176±14 161 ±  10 134±  12

Type of insulin 
curve Insu lin  level, /xU/ml

6 Normal 6 4 ±  12 165±47 140±40 160±30
i l Slightly pathologic 4 4 ±  9 169 ± 2 5 146±23 110 ± 2 0

в Pathologic 67 ±  9 2 7 3 ±  14 248 ± 39 223 ± 3 9

T a b l e  V
B lood su g ar a n d  insu lin  levels a f te r  g lucose load  in  children  w ith  

an d  w ith o u t d iab e tic  re la tiv e s

N um ber
of

cases

Fam ilial
Blood sugar level, mg/100 ml

diabetes
F asting 60 min 120 min 180 m in

9 yes 8 6 ±  13 171 ± 2 7 149± 9 123 ±  7
23 no 97 ±  6 152± 8 131 ±  7 115 ±  6

In su lin  level, //U/ml

8 yes 50 ±  7 118±33 160 ± 3 4 128±42
23 no 4 9 ±  7 220 ±22* 178±.17 147±24

♦Significant difference, p  <  0.05.
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group. There was no significant dif
ference in the blood sugar curves of 
the two groups.

On the other hand, in the group of 
obese children with diabetes in the 
family, the insulin curve was flatter, 
and the rise in insulin level at 60 
minutes significantly less pronounced 
and protracted. The fasting insulin 
level in these cases was near the upper 
normal limit.

D i s c u s s i o n

The majority of obese children 
displayed an abnormal blood sugar 
tolerance curve. In cases with no 
diabetes in the family the higher 
insulin level is apparently a more 
sensitive indicator of the pathological 
metabolism than the irregular blood 
sugar curve.

These data suggest that obesity of 
short duration is characterized by a 
high insulin level after glucose load
ing. The longer the duration of obesity 
the more significant will be the rise in 
insulin secretion. According to these 
observations, normal blood sugar 
curves may be accompanied by a pa
thological rise of the insulin level.

More insulin is presumably needed 
for the maintenance of a normal 
blood sugar curve in an obese than in 
a healthy child. The impaired sugar 
metabolism is balanced with enhanced 
insulin production but this must not 
yet lead to diabetes. This is not a 
unique phenomenon, since some other 
diabetogenic effects are also compen
sated by most patients. Thus, despite

of the contra-insulin effect, only one 
fifth of the patients with acromegaly 
develops diabetes, perhaps because 
one fifth of the population are dia
betic gene carriers.

The situation is different in the case 
of obese children with diabetes in their 
family. In this case the rise in the 
blood sugar curve is accompanied by 
a comparatively flat insulin curve. 
D r a s h  [3] reported on similar ob
servations in obese children in whom 
chemical diabetes was assumed in view 
of a steep blood sugar curve but their 
insulin level was relatively low.

Juvenile diabetes is characterized 
by a reduced or lacking insulin secre
tion. According to C e r a s i  and L u f t  
[1] even the prediabetic state is 
characterized by a reduced insulin 
response to the rise in blood sugar.

The weak insulin response observed 
in obese children might also point to a 
relative deficiency in insulin secretion.
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