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Fat Metabolism in Diabetic Children
B y
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There are many d a ta  [7,16] to show 
th a t sensitivity to  insulin is enhan
ced by a diet rich in  carbohydrates. 
I t  waSj on the other hand, found 
[1] th a t the blood sugar decreasing 
effect of insulin did not essentially 
change in children kept on a fat 
rich diet.

The decrease of the blood-sugar 
level goes usually hand in hand with 
th a t of free fa tty  acids [17]; it  is 
well-known th a t changes in the level 
of free fa tty  acids and blood ketone 
bodies are sensitive indicators of 
the insulin effect [10,11,23].

The present study  was designed 
to  yield information concerning the 
following points.

(i) The influence of a fa t rich diet on 
lipid metabolism in diabetic children.

(ii) The influence of insulin on the 
blood free fa tty  acid level in diabetic 
children with whose actual condition 
a considerable rise in the  triglyceride 
and to ta l fa tty  acid level would be 
expectable.

(iii) How far is the  insulin modified 
by dietary fat.

(iv) The connexion between the 
decrease of the blood free fa tty  acid 
level and th a t of blood sugar.

Material  and  Method

T w e n ty  hosp ita lized  d iab e tic  ch ild ren  
be tw een  8 a n d  15 years  o f  age w ere d is tr ib 
u te d  in to  tw o  groups. T he  sex  ra t io  w as 
id en tica l in  b o th  groups. T he  ch ild ren ’s 
m e tab o lism  w as p rac tica lly  in  equ ilib rium , 
th e  m o rn in g  u rine  con ta ined  k e to n e  bodies 
on ly  ex cep tio n a lly . A ll ch ild ren  w ere 
tr e a te d  w ith  p ro m p tly  ac tin g  insu lin .

T h e  ch ild ren  o f th e  f i rs t g ro u p  a f te r  th e  
m o rn in g  dose o f  in su lin  w ere g iv en  p o ta to  
p re p a re d  in  fa t . I n  caloric v a lu e  th is  m eal 
w as e q u iv a le n t to  th e  u su a l b re a k fa s t and  
te n  o ’c lock  snack . T he a m o u n t o f  p o ta to  
w as d o u b le  t h a t  o f  fa t  (e.g. 100  g  o f  p o ta to  
w ith  50 g  o f  fa t), hence in  ca lo ric  v a lu e  th e  
f a t  w as fiv e  tim es m ore  th a n  th e  ca rb o 
h y d ra te .  T h e  fa t  w as ad m in is te red  to  th e  
sam e p a t ie n t  once in  th e  fo rm  o f  la rd  and  
once in  t h a t  o f  sunflow er oil.

T he  second  g roup  received 100 g  to  200 g 
o f  cu rd  sw eetened  w ith  20 g  o f  glucose. T his 
m eal re p re se n te d  a p p ro x im a te ly  as m an y  
calories a s  th e  u su a l b re a k fa s t. T h u s  m ore 
th a n  50 p e r  c en t o f  th e  calories w as supplied  
b y  f a t  so  th a t ,  as com pared  to  th e  usual 
h igh c a rb o h y d ra te  d ie t, th e  ch ild ren  w ere 
m o d e ra te ly  loaded  w ith  f a t .  E a r lie r  in 
v e s tig a tio n s  [2 ] show ed t h a t  th e  ac tion  
o f  in su lin  w as pronounced  a f te r  th e  ad m in 
is tra t io n  o f  cu rd  w ith  glucose.

B lood  su g a r w as d e te rm in ed  f i rs t on  an  
e m p ty  s to m a c h  an d  a t  30 m in . in te rv a ls  
d u rin g  4 h o u rs . E s tim a tio n s  o f  to ta l  f a t ty  
acids, tr ig ly cerid es , free f a t ty  acids and  
to ta l  k e to n e  bodies w ere pe rfo rm ed  firs t
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fro m  b lo o d  collected before, a n d  th e n  2 1/2 
a n d  4 h o u rs  a f te r  th e  m eal. T h e  m e th o d s  
u sed  w e re  H a g e d o r n  a n d  J e n s e n ’s fo r 
b lo o d  su g a r ; Sm it h  an d  K tk ’s [18] fo r 
to t a l  f a t t y  acids; Ca r l s o n  a n d  W a l d - 
s t r ö m ’s [3 ]  fo r trig lycerides; D o l e  an d  
M e i n e r t z ’s [6 ] for free f a t ty  a c id s ; W e r k  
e t  a l. [2 2 ] fo r to ta l  ke tones .

A s a  co n tro l, blood su g ar a n d  se ru m  fa t  
w ere  e s t im a te d  before b re a k fa s t a n d  a f te r  
th e  t e n  o ’clock snack  b o th  in  d ia b e tic  
c h ild re n  k e p t on a  s ta n d a rd  d ie t  an d  
in  m e ta b o lic a lly  in ta c t ch ild ren  o f  th e  
c o rre sp o n d in g  age g roups. I n  a d d itio n , 
th e r a p e u tic a lly  w ell re g u la te d  d iab e tic  
o u tp a t ie n ts  w ere exam ined  fo r fa s tin g  
b lood  to t a l  f a t  and  fa t ty  ac id  level.

R esu lts

The free fa tty  acid and ketone 
levels always changed in the  same 
sense (Fig. I). Although there  was 
no close correlation between the

m agnitude of the respective changes, 
there was a statistically significant 
tendency for high concentrations of 
free fa tty  acids to be associated with 
high concentrations of ketone bodies 
(Fig. 2a). Changes in the to ta l fa tty  
acid and triglyceride levels were like
wise parallel, and high respective 
concentrations had a tendency to 
being associated in this respect also 
(Fig. 2b). The decrease of blood sugar 
was approxim ately the same whether 
the patien t had been given fa t or 
curd, bu t changes in th is respect 
were considerably less m arked in 
patients on a standard d iet (Fig. 
3a). This m ay have been due to  th a t 
the patients had two meals during 
the experimental period.

The form of fat, whether lard or 
vegetable oil, did not influence the 
changes (Table I). The free fa tty

Fat meat Curd meal Diabetics on standard diet

Ketone bodies

F i g . 1. C hanges in  th e  b lo o d  f re e  f a t t y  a c id  a n d  k e to n e  lev e ls  a f te r  th e  c o n s u m p tio n  o f
f a t  a n d  c u rd
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F ig . 2a. Correlation between the blood free fa t ty  acid and ketone levels

Jriglyceride
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Ihr 2hrs 3hrs ihrs

F ig . 3a. Changes in  blood sugar afte r fa t  and  eurd consumption

F ig . 3b. Changes in blood free f a t ty  acid and trig lyceride levels afte r fa t  and curd
consumption

Acta Paediatrica Academiae Scientiarum Hungaricae 8, 1967



L. Baria et al.: Fat Metabolism 77

T a b l e  I

E ffec t o f f a t  c o n su m p tio n  on  th e  blood su g a r , k e to n e  and  fa t  levels

Blood sugar Free fa tty  acid Total fatty Triglyceride Ketone
Nature of fatmg% am acid raM/1 raM/1 mg%

1 302 80 1330 796 631 22.16 24.70 1.58 3.91 Vegetable oil
218 50 1639 909 773 19.40 33.92 1.47 5.61 11.4 7.9 L ard

2 170 132 514 340 437 22.78 26.60 1.33 1.72 5.6 4.8 V egetable oil
220 94 609 427 472 18.20 27.86 1.34 1.31 Lard

3 272 140 1200 950 900 15.65 19.26 1.37 3.55 3.1 2.5 V egetable oil
284 116 1268 960 946 15.76 16.31 1.51 2.17 4.6 2.5 Lard

4 268 70 1333 1133 933 32.50 37.15 4.02 6.20 3.3 0.7 V egetable oil
298 98 1085 1014 685 35.67 43.55 18.3 4.5 Lard

5 302 140 1228 928 600 20.38 16.65 1.39 1.05 4.6 2.1 V egetable oil
278 162 1068 1000 934 24.88 30.32 1.15 2.12 4.2 2.0 L ard

6 356 148 1828 1066 1057 10.5 3.6 Vegetable oil
240 108 1762 815 573 18.0 6.2 Lard

7 280 370 1575 396 11.90 13.70 1.14 2.09 10.2 4.6 Vegetable oil
340 270 1094 820 11.90 14.82 0,95 1.20 7.7 3.2 Lard

8 320 204 486 340 255 12.30 20.70 1.92 4.00 5.4 2.8 Vegetable oil
260 208 930 650 656 11.90 13.57 2.32 2.85 6.1 3.0 L ard

9 320 518 1446 1384 18.03 24.31 1.77 2.82 8.9 3.9 Vegetable oil
280 462 1473 1158 12.48 19.54 1.22 4.10 12.0 5.9 Lard

10 379 154 1043 1192 19.78 23.10 1.06 2.08 16.6 3.4 Lard

Mean value:
X 287 193 1206 779 19.15 23.88 1.59 2.92 8.85 3.74
s ± 386 ± 298 ± 6 .99± 8 .22 ± 0 .7 3  ±1.52 ± 5 .05  ±1.77
8 Í ± 8 8 ± 6 8 ± 1 .6 9 ± 1 .9 8 ± 0 .1 8  ± 0 .38 ±1.23 ±0.43

Change
X —426 + 4 .7 +  1 33 -5 .1 0
s ± 369 ±4.1 ± 1 19 ± 4.10
Sx ±  84 ± 1.0 ± 0 .29 ± 1.00

P « U % P < 0 .1% P < 0 .1% P < 0.1%

In itia l an d  e x tr e m e  va lues a re  g iven in  re sp e c t o f  b lood su g ar; zero-, tw o- and  
fo u r-h o u r values in  t h a t o f  free f a t ty  acids; in itia l a n d  f in a l va lues fo r o th e r  d e te rm in a tio n . 

X =  m ean  va lue  s =  s ta n d a rd  dev ia tion  s j  =  s ta n d a rd  e rro r  o f th e  m ean
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F i g . 4. F asting  blood free f a t ty  acid, triglyceride and  ketone levels in diabetic and  non
d iabe tic  children, p  =  Significance of difference betw een diabetic and norm al children

acid and  triglyceride levels were high
er in  diabetic than in healthy  chil
dren. The difference was particularly  
pronounced in the patien ts no t rea
dily responding to trea tm ent (Fig. 4).

U nder the effect of insulin, a  consid
erable rise in the triglyceride con
cen tration  did not prevent the fall 
of th e  blood sugar, free fatty-acid  
or ketone levels. Fig. 3b illustrates 
the  deviations from the in itial values 
of th e  triglyceride and free fa tty  acid 
levels during the various exam inations. 
These changes invariably occurred in 
the  opposite sense. The elevation 
of triglyceride concentration was 
generally significant, and was quite 
especially so after the adm inistration

of fat. The decrease of the free fatty- 
acid level was likewise significant, 
and likewise most pronounced after 
loading with fat; the difference be
tween the various diabetic groups was 
less marked.

D iscussion

The blood free fa tty  acid level is 
usually higher in children th an  in 
adults. The fasting values obtained 
by us in both the healthy and the 
diabetic children agree well w ith the 
values determined by Co rvilain  et al. 
[4] with Dole’s method [6] ; P er s- 
son  et al. [15] with the m ethod of 
T rout  et al. [21]; and by D avidso n
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T a b l e  I I

Fasting values

Own Davidson and Persson et al. Sterky et al. Corvilain
observations Kaye [5] с«] [20] et al. [4]

Serum D iabetic
glyceride children
mM/litre no t readily 

responding 
to  tr e a t
m en t 1.74±0.17

(26)
D iabetic 
children 
responding 
well to 
treatm en t 1.0 2± 0.12 0.73±0.03

(12) (103)
N on-dia
betic
children 0.76±0.07 0.68±0.03

(20) (118)

Blood free D iabetic
fa tty  acid children
level, no t readily
//M/litre responding 

to  tre a t
m ent 1 2 1 1 ± 6 6

(29)

D iabetic 
children 
responding 
well to  
trea tm en t 1004 ±107 1120±420 1172±  99 815.6±31.9

(12) (16) (10) (42)
N on-dia
betic
children 706 ± 5 3 1080 ± 290 739±92 555.1 ±27.5 699 ± 1 9 9

(20) (17) (6 ) (36)

8 — 15 years 2 — 13 years 11 — 19 years school 4 m onths —
children 10 years

±  standard ±  standard ±  standard ±  standard ±  stan d a rd
error deviation error error deviation
of mean of m ean of mean

a n d  K a y e  [5] w ith  G o r d o n ’s m e th 
o d  [9], a lth o u g h  th e  va lu es  found  
b y  St e r k y  e t  a l. [20] in  co m p en sa ted  
p a tie n ts  w ere con sid erab ly  low er. 
T h e  fa s tin g  tr ig ly ce rid e  level o f  o u r 
co m p en sa ted  p a tie n ts  w as, s im ila rly

to  the findings of S t e r k y  e t al. (20), 
bu t slightly above th a t of the  con
trols, whereas a considerable rise was 
observed in the group no t readily 
responding to  treatm ent (Table II).

According to  the behaviour of
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blood sugar, the effect of insulin 
was more pronounced in children 
given fa t or curd th an  in  those kept 
on a  standard  diet, whereas there 
was no essential difference in the free 
fa tty  acid level. I t  follows th a t if 
the  effect of insulin is judged on the 
basis o f changes in the  free fatty  
acid level, results are the  same whether 
the  blood sugar rem ains unchanged 
or becomes lower. I t  is clear 
from  Fig. 3 th a t the  rise of the tr i
glyceride level did not affect the fall 
of free fatty-acid concentrations. A 
com parison on the fa t and curd meals 
was especially instructive; the de
crease of blood sugar level was ap
proxim ately  equal in bo th  cases, tha t 
of th e  free fa tty  acid level was more 
m arked  after the fa t meal, while 
the  elevation of the triglyceride level 
was nearly  twice as high after the 
fa t m eal as after the  curd.

I t  is thus evident th a t  a rise of the 
triglyceride level does not neutralize 
the  effect of insuhn, even if the pa
tie n t is kept on a d iet rich in fat and 
poor in  carbohydrate.

F a ts  have undoubtedly a ketogenic, 
anti-insulin  effect, although we have 
observed rising to ta l fa tty  acid and 
triglyceride levels together with an 
in tensive insulin action. This contra
diction is, however, only apparent. 
K etosis ensues if the  effect of insulin 
is inh ib ited  or weakened, for instance 
in th e  case of some infection, or if 
it  ceases for a time, for instance be
tw een two doses. Carbohydrate defi
ciency promotes the development of 
ketosis. Following th e  adm inistration 
of fa t, the organism consumes its

own sugar reserves, becomes defi
cient in sugar, and th is makes the 
p a tien t susceptible to  ketosis even 
while receiving insulin [13, 14, 12, 
19, 8] ; i t  is clear tha t the disposition 
to  ketosis must become still more 
pronounced after insulin has ceased 
to  act. The effect of insulin, on the 
o ther hand, is not essentially influ
enced by  a  rise of the triglyceride and 
to ta l fa t ty  acid levels as long as 
the  organism  has an adequate supply 
of sugar. The considerable elevation 
of th e  triglyceride level was accom
panied in  our cases by a considerable 
fall of th e  free fa tty  acid level. I t  
would follow th a t despite the  m arked 
susceptibility to ketosis, a fat rich 
d iet does not weaken the  effect of 
insulin in  hyperglycaemic, non-keto- 
tic children.

W hile in patients kept on a normal 
d iet there  was hardly any change in 
the  blood sugar level, it dropped con
siderably after the consumption of 
curd, whereas the nature of the diet 
m ade no difference in the fall of the 
free fa t ty  acid level. Dim inution of 
the  free fa tty  acid level is, accord
ingly, independent of the fall of blood 
sugar in  insulin treated diabetic chil
dren.
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S u m m a r y

According to our experim ental ob
servations the blood free fa tty  acid and 
triglyceride levels change in opposite 
directions in insulin-treated diabetic 
children. A rise of the triglyceride 
level did not diminish the  decrease 
in  free fa tty  acid. Changes in the free 
fa tty  acid, ketone and blood sugar 
levels failed to  indicate a contra-in
sulin effect after the consumption

L. Barta et ni. :

of fat in hyperglycaemic children. 
The decrease of the free fa tty  acid 
level was independent of changes 
in the concentration of blood sugar. 
Changes in the blood free fa tty  acid 
and ketone level went parallel, w ith
out a significant correlation be
tween the height of these levels and the 
m agnitude of the changes. The na
tu re  of the consumed fa t (vegetable 
oil or lard) did not influence the  ob
served metabolic changes.

Fat Metabolism
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