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and their Matched Healthy Controls 
U. Ewald', I.-B. GustafssonI, T. Tuverno' and B. Vessby' 

Dapurtment of Purdiatric,s' utzd Grrirrtric..y', Uniivr.<ity Hospittrl, Uppsttltr , S\twietI 

ABSTRACT 

T h e  f a t t y  ac id  compositions of t h e  se rum cholesterol  esters, phospholipids and  

t r iglycer ides  w e r e  de t e rmined  in 28 insulin-dependent d i abe t i c  children and 13  heal thy 

controls.  T h e  d i abe t i c  children w e r e  on a regulated d i e t  and t h e  disease was  under good 

control.  T h e  r e l a t ive  c o n t e n t s  of l inoleic and arachidonic  acids  were  higher in t h e  se rum 

lipids of t h e  d i abe t i c s  t han  in t h e  con t ro l s  as could be expec ted  f rom t h e  d i e t a ry  adv ice  

given. However,  t h e  deg ree  of d i abe t i c  control  was not significantly co r re l a t ed  to t h e  

f a t t y  acid c o n t e n t  of any  lipid fract ion.  T h e  serum concen t r a t ion  of apolipoprotein fapo)  

A-I was  direct ly  co r re l a t ed  to t h e  c o n t e n t  of polyunsaturated fat and t h e  r a t io  between 

polyunsaturated and s a t u r a t e d  f a t t y  ac ids  in t h e  tr iglycerides.  T h e  a p o  A-I1 concen t r a t ion  

was significantly co r re l a t ed  to t h e  r a t i o  between homo-gamma-linolenic and arachidonic  

acid in a l l  s e rum lipid esters .  No similar  relationships w e r e  seen  among  t h e  heal thy 

controls.  T h e  d i f f e ren t  relationships be tween  serum apolipoprotein concentrat ions and t h e  

f a t t y  acid composi t ion in serum in d i abe t i c s  and  controls  is  compa t ib l e  with t h e  

hypothesis t h a t  not  only t h e  quant i ty  but  also t h e  qual i ty  of t h e  serum lipoproteins a r e  

d i f f e ren t  in t h e s e  t w o  ca t egor i e s  of children. 

INTRODUCTION 

Juveni le  onset ,  insulin-dependent d i abe t i c s  show an  increased incidence of ea r ly  

a the rosc l e ro t i c  cardiovascular  disease.  An increased amoun t  of polyunsaturated f a t t y  

ac ids  (PUFA) in t h e  d i e t  con t r ibu te s  to a reduct ion of a the rosc l e ro t i c  cardiovascular  

disease,  at least in nondiabetics (3, 14, 16). A r e c e n t  s tudy suggests  t h a t  an  increased 

in t ake  of PUFA dec reases  t h e  incidence of vascular complicat ions in adul t  onse t  d i abe t i c s  

(10). T h e  mechanism fo r  this  beneficial  effect is not  clear.  T h e  polyunsaturated f a t t y  ac id  

arachidonic  ac id  (20:4) is t h e  precursor  of thromboxane A2  (TXA2) and prostacycl in  

(PGIz), and eicosapentaenoic  acid (20:5) is  t h e  precursor of t h e  corresponding TXA3 and 
PGI3. In e sc imoes  a very low incidence of a therosclerosis  was  associated with a change  in 

serum f a t t y  ac id  pa t t e rn  in favour  of 20:5 and a subsequent change  in PC/TX fo rma t ion  in 

favour  of TXA3/PGI3 (5 ) .  



Increased platelet aggregation associated with a disturbed prostaglandin/thromboxane 

formation has been shown in diabetics with vascular disorder (8). We have recently shown 

that diabetic children have a diminished vascular response to post-ischaemic hyperaemia 

(6). This response i s  t o  a major part dependent on PGI2 formation (6). A f i rs t  step i n  

studying these interactions i s  a description of the serum fatty acid composition i n  a group 

of diabetic children without atherosclerosis or diabetic vascular disease compared with 

the pattern in healthy matched controls, which i s  the aim of this work. 

SUBJECTS 

The study comprised 28 children aged 4 to 17 years (17 girls and I 1  boys) with insulin 

dependent diabetes mellitus (IDDM). The height, body weight and growth velocity were in 

al l  cases within 22 SD for Swedish children (12). None of the children had albuminuria, 

hypertension or ophthalmological or other clinical signs of vascular disease. They were 

being treated with two doses of intermediate monocomponent porcine insulin daily. Some 

of them were also receiving a rapid monocomponent insulin i n  the morning and/or 

afternoon. Their total daily insulin dosage was 0.5 - 1.2 IU/kg body weight. They were al l  

treated according to the same general principles, including prescriptions of regulated diet, 

aiming at a fat consumption of 30-33% of the energy intake and a P/S 

(polyunsaturated/saturated) ratio of about 0.5. Judging from clinical and laboratory 

findings the diabetic disease was under good control (haemoglobin A1 10.8+1.8%, fasting 

serum glucose 9.6L0.5 mmol/l, serum triglyceride concentations (TG) 0.7220.23 mmol/l, 

and cholesterol concentrations (chol) 4.59'0.78 mmolf I. Thirteen of the diabetic children 

had peers of the same age and sex, living in the same area and most often attending the 

same class at  school, participating as matched healthy controls. This study i s  part of an 

investigation approved by the Ethical Committee of the Medical Faculty of the University 

of Uppsala. 

METHODS 

Al l  blood specimens were taken fasting at 08.00-08.30 in the morning before breakfast 

and insulin injection. Serum glucose and HbA l  were determined by routine methods 

(Yellow Spring Instruments 23 AM glucose analyzer and HbAl  microcolumns, Bio-Rad 

Laboratories). TG and chol in serum were determined by semiautomated methods in an 

LKB system (2071, 2074, 20861, using commercial test kits (Test Combination from 

Boehringer-Mannheim and Nyco-test cholesterol from Nyegaard). The concentrations of 

serum apolipoproteins (apo) B, A-I and A-I1 were determined by electroirnmunoassay using 

monospecific antibodies as earlier described in detail (21). 

The fatty acid compositions of serum triglycerides (TG) cholesterol esters (CE) and 

phospholipids (PL) were determined in blood serum. The blood samples were allowed to 

coagulate for two hours and serum was collected by low speed centrifugation at +4OC. The 
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se rum lipids w e r e  e x t r a c t e d  with chloroform-methanol and  sepa ra t ed  by thin layer  

chromatography according to a method previously descr ibed (I). T h e  fatty acids  of t h e  

isolated lipid fract ions,  tr iglycerides,  cholesterol  e s t e r s  and phospholipids, w e r e  

t r anses t e r i f i ed  to me thy l  e s t e r s  (17) and sepa ra t ed  isothermally at 185OC on a 10% SP- 

2340 column in a P y e  Unicam 104 gas-liquid chromatograph equipped with an  a u t o m a t i c  

s ample  injector  (Hewle t t  Packa rd  Co.) Re ten t ion  t i m e s  of known f a t t y  ac id  s t anda rds  

(Supelco inc.,) were  used for  identifying t h e  peaks of t h e  ch romatogram (9). T h e  r e l a t ive  

composi t ions of t h e  d i f f e ren t  ident i f ied f a t t y  acids  (expressed in %) and the i r  r e t en t ion  

t i m e s  were  ca l cu la t ed  by a H P  3380A digi ta l  integrator .  

T h e  s t a t i s t i ca l  calculat ions were  pe r fo rmed  by t h e  SAS statistical program package on 

IBM 155-158 a t  Uppsala University. In comparisons between diabet ics  and non-diabetics 

only pa t i en t s  with ma tched  controls  w e r e  included and t e s t e d  aga ins t  t he i r  con t ro l s  in 

two-tailed paired t-tests. When correlat ions within t h e  d i abe t i c  group w e r e  performed,  a l l  

t h e  28 d iabe t i c  sub jec t s  were  included. 

RESULTS 

TABLE 1: Rela t ive  concentrat ion of f a t t y  acids  and  PIS r a t io s  in serum lipid e s t e r s  of 13 
d iabe t i c  chi ldren compared  with their  ma tched  heal thy con t ro l s  (mean 5 SD), (* = ~ ~ 0 . 0 5 ,  
**  = p<O.OI). 

14:O 

16:O 

16:l 

I8:O 
18:l 
18:2 

18.3 
20:3 
20:4 

20:5 

PIS 

C E  

Con t ro l s  Diabet ics  

0.850.2 0.720.2 

11.951.9 11.451.0 

3.551.02 2.950.4* 

1.050.2 1.050.7 
20.623.0 18.051.6 ** 
56.455.9 59.953.0 * 
1.151.1 0.720.8 
0.850.7 0.720.7 

3.651.4 4.22 I ,  3 * 
0.520.5 0.721.1 

Con t ro l s  

2.450.8 
26.555.3 

5.151.4 

4.651.5 
43.022.7 

15.524.9 
1.750.7 

0.450.7 
0.820.5 
0.050. I 

TG 

Diabet ics  

1.750.7 
25.321.9 

4.620.9 

4.650.9 

41.252.4 
19.352.9 * 
1.850.5 

0.220.3 
1.2+0.6** 
0 . 050 . 0 

4.551.0 5.050.6* 0.550.2 0.720.1 

PL 

Con t ro l s  Diabet ics  

0.450.1 0.350.1 

32.854.4 32.754 .O 

0.450.4 0.520.3 

16.352.2 15.552.3 * 
13.751.8 12.321.4 **  
24.154.1 25.623.5 * 
0.820.5 0.520.3 * * 
4.351.5 4.620.6 
6.421.7 7.35 1.8 * * 
0.951.4 0.720.7 

0.651.1 0.720.1 * * 

T h e  f a t t y  acid composition of CE,  TG and  P L  of t h e  d i abe t i c  children and the i r  controls  

a r e  given in  Tab le  1. T h e  mos t  s t r iking d i f f e rences  be tween  d i abe t i c s  and controls  w e r e  

found within t h e  long chained unsa tu ra t ed  f a t t y  acids. T h e  l inoleic ac id  (18:2) and 20:4 
c o n t e n t  in all lipid f r ac t ions  were  s ignif icant ly  higher in t h e  d i abe t i c s  than in t h e  controls.  



18:2 in CE was thus about 60% in diabet ics  compared with 56% in t h e  controls. On t h e  

other  hand, oleic  acid (18:l) and linolenic acid (18:3) were  significantly lower in diabet ics  

in CE and PL. The 18:2/18:1 r a t io  was significantly higher in diabetics in a l l  serum lipid 
esters.  The P/S ra t io  was higher in PL and CE. 

The degree of diabet ic  control,  measured as H b A l ,  was not  significantly correlated to 

t h e  f a t t y  acid con ten t  of any lipid fraction. 

The concentrat ion of apo A-I in serum of the  diabet ic  children was significantly 

positively correlated to t h e  con ten t  of homo-gamma-linolenic acid (20:3), 20:4 and t h e  

rat io  18:2/18:1 and negatively correlated to t h e  con ten t  of 18:l in t h e  tr iglyceride 

fraction while no such correlat ion was seen  in CE o r  PL. The  concentrat ion of serum a p o  

A-I1 was directly correlated to t h e  con ten t  of in 20:3 TG and t o  the  r a t io  20:3/20:4 in CE 

and TG. The  concentrat ions of serum triglycerides were  inversely correlated t o  t h e  
content  of 20:4 in PL and direct ly  correlated to t h e  20:3/20:4 r a t io  in t h e  s a m e  fraction. 

The serum cholesterol was negatively correlated with t h e  content  of 20:5 in PL. Table  2. 

Within the  group of healthy controls  t he re  were  no significant correlat ions between t h e  

apo A-I concentrat ion and any f a t t y  acid concentrat ion . The  serum concentrat ion of apo 

A-I1 and apo R were  significantly negatively correlated t o  t h e  con ten t  of 14:O in TG. 

TABLE 2: Correlat ions between plasma lipid and apolipoprotein concentrat ions and t h e  
relat ive concentrat ion of some f a t t y  acids in serum lipid e s t e r s  of 28 diabet ic  
children.Only t h e  significant correlations a r e  presented.. 

TG vs PL 20:4 

PL 20:3/20:4 
Chol vs PL 20:5 

APO A-I vs TG 18:l 
20:3 

20:4 

18:2/18:1 

apo A-I1 vs CE 20:3/20:4 

TG 20:3 
TG 20:3/20:4 

r = -0.52 

r = +0.56 
r = -0.53 

r = -0.55 

r = +0.54 

r = +0.50 

r = +0.51 

r = +0.60 

r = +0.62 

r = +0.57 

p co.01 

p CO.01 

p <0.01 

p CO.01 

p co.01 

p <0.01 

p co.01 

p <0.001 

p <0.001 

p co.01 

DISCUSSION 

A regulated diet  is the  basis for  all  t r e a t m e n t  programmes for diabetes  mellitus. During 

r ecen t  years t he  high fat, low carbohydrate  diet  has been abandoned in favour of a d i e t  
containing a high amount  of complex carbohydrates  with a relatively low fat content.  

With regard t o  the  dietary f a t t y  acids  the  relat ive con ten t  of polyunsaturated fats should 

be moderately increased (1 5). 
The  healthy controls showed a proportion of linoleic acid which was similar to t h a t  



ear l ier  reported in an urban population of heal thy Swedish children (13). T h e  higher 

content  of PUFA in t h e  se rum lipid e s t e r s  in t h e  d i abe t i c  children r e f l e c t s  t h e  d i e t a ry  

advice given. T h e  f a t t y  ac id  c o n t e n t  of t h e  t r iglycer ides  merely mirrors  t h e  fat 

composition of t h e  d i e t  during t h e  days preceding t h e  test, while t h e  change  of t h e  f a t t y  

acid pa t t e rn  in t h e  cholesterol  e s t e r s  and phospholipids is  more  gradual  ove r  a period of 

several  weeks (2). 
In t h e  present  s tudy t h e r e  was  no s ignif icant  correlat ion between t h e  d e g r e e  of d i abe t i c  

control and t h e  f a t t y  ac id  p a t t e r n  in t h e  serum lipid esters .  Assuming t h a t  t h e  P/S-ratio in 

the serum lipids is co r re l a t ed  to t h e  d i e t a ry  adherence,  t h i s  i nd ica t e s  t h a t  t h e r e  was  no 

significant re la t ionship be tween  t h e  deg ree  of d i e t a ry  adhe rence  and t h e  deg ree  of 

diabetic control.  However,  this  does ce r t a in ly  no t  mean t h a t  t h e  d i e t a ry  adhe rence  is of 
no importance fo r  t h e  d i abe t i c  control.  R a t h e r ,  t h e  lack of correlat ion may  be  due  to t h e  

fact t h a t  t h e  d i abe t i c  con t ro l  is  influenced not  only by t h e  fat qual i ty  of t h e  d i e t  bu t  a lso 

by other  propert ies  of t h e  d i e t  as well  as by t h e  adminis t ra t ion of exogenous insulin. 

A new finding was  t h e  posit ive relat ionship be tween  t h e  serum concen t r a t ion  of a p o  A-I 

and the  r e l a t ive  c o n t e n t  of polyunsaturated fat and  t h e  P/S-ratio in t h e  serum 

triglycerides. Apo A-I is  t h e  major protein componen t  of t h e  high densi ty  l ipoproteins (11). 

Insulin dependent  d i abe t i c  children have  higher A-I concen t r a t ions  than  rnatched heal thy 

controls (7). In sp i t e  of high HDL levels  t h e  incidence of a the rosc l e ro t i c  vascular disease 

in diabetics is high. I t  has  been postulated t h a t  t h e  HDL composition may  b e  qual i ta t ively 

different in diabet ics  compared  with t h a t  of heal thy controls  (4). T h e  posit ive correlat ion 

between t h e  a p o  A-I concen t r a t ion  and t h e  c o n t e n t  of polyunsaturated fat in TG may  

indicate such a difference.  In non-diabetics a high in t ake  of polyunsaturated fats has  been 

shown to dec rease  t h e  serum a p o  A-I levels,  a t  l ea s t  during shor t  t e r m  d ie t a ry  t r e a t m e n t  

(19, 20). The  lack of co r re l a t ion  between t h e  se rum a p o  A-I values and t h e  P/S-ratio in t h e  

other serum lipid e s t e r s  in this  s tudy ind ica t e s  t h a t  t h e  A-I concen t r a t ion  was not  r e l a t ed  

to the in t ake  of polyunsaturated fats during longer t i m e  periods. T h e  posit ive correlat ion 

between A-I and t h e  c o n t e n t  of PUFA in t h e  se rum tr iglycer ides  ind ica t e s  a posit ive 

relationship between t h e  polyunsaturated d i e t a ry  f a t  i n t ake  during t h e  l a s t  days  be fo re  

the sample was t aken  and t h e  serum a p o  A-I levels. Possibly a high in t ake  of PUFA 
mirrors a high total fat intake.  Introduct ion of neu t r a l  fat in t h e  in t e s t ine  induces 

synthesis of a p o  A-I in t h e  intest inal  cel ls  (18). 

We have ea r l i e r  described a posit ive relat ionship between t h e  serum a p o  A-I1 

concentration and t h e  serum tr iglycer ide concen t r a t ion  in d i abe t i c  children (7). T h e  

present s tudy shows t h a t  both A-I1 and TG a r e  direct ly  co r re l a t ed  to t h e  r a t i o  20:3/20:4 in 

the serum lipid esters .  T h e  TG concen t r a t ion  w a s  inversely co r re l a t ed  with 20:4 in TG. W e  

have no explanat ion fo r  t hese  findings or  fo r  t h e  nega t ive  correlat ion be tween  t h e  serum 

cholesterol concen t r a t ion  and t h e  20:5 c o n t e n t  in PL. 

One main finding in t h e  p re sen t  s tudy was  t h e  confirmation of t h e  d i f f e rence  between 

diabetic chi ldren and  heal thy con t ro l s  with r ega rd  to t h e  relat ionships  between se rum 

apolipoprotein concen t r a t ions  and serum lipid composition. W e  have  ea r l i e r  shown 
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diverging relationships in insulin t r ea t ed  diabet ic  children and healthy controls  between 

serum apolipoprotein concentrat ions and serum lipid concentrat ions (7). This study shows 

t h a t  t h e  two  groups differ  a lso with regard to t h e  relationships between serum 

apolipoprotein concentrat ions and t h e  f a t t y  acid composition of t h e  serum lipid esters.  

This is compatible  with t h e  view t h a t  not  only t h e  quant i ty  but a lso t h e  quali ty of t h e  

serum lipoproteins a r e  different  in these two  categories  of children (4). 

ACKNOWLEDGEMENT 

This study was supported by grants  from AB NOVO, Malmo, Sweden and by t h e  Swedish 
Margarine Industrial Association for  Nutritional-Physiological Research. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 

I1 

12 

13 

14 

I16 

REFERENCES 

Boberg, J.: Separation of labelled plasma and t issue lipids by thin layer 
Chromatography. - A quant i ta t ive methodological study. Clin Chim A c t a  14:325-334, 
1966. 
Boberg, J., Gustafsson, I-!3., Karlstrom, B., Lithell, H., Vessby, B. & Werner, I.: 
E f f e c t  of a d i e t  enr iched in polyunsaturated f a t t y  acids on hyperlipoproteinemia in 
man. Rheinisch-Westfalische Akademie de r  Wissenschaften 63:XI-87, 1978. 
Dayton, S., Pea rce ,  M.L., Hashimoto, S., Dixon, W.J. & Tomayasu, U.: A controlled 
clinical  t r ia l  of a d i e t  high in unsaturated fat in preventing complications of 
atherosclerosis. Am H e a r t  Association, Monograph 25, Circulation XL, Suppl 11, 1- 
63, 1969. 
Durrington, PN.: Serum high density lipoprotein cholesterol in diabetes  mellitus. An 
An analysis of f ac to r s  which influence i t s  concentration. Clin Chim A c t a  104:ll-23, 
1980. 
Dyerberg, J., Bang, H.O., Stoffersen,E., Moncada, S. & Vane J.R.: Eicosapentaenoic 
acid and prevention of thrombosis and atherosclerosis? Lancet  2:117-119, 1978. 
Ewald, U., Tuvemo, T. & Rooth, G.: Early reduction of vascular react ivi ty  in 
diabet ic  children de tec t ed  by t h e  t ranscutaneous oxygen electrode. Lance t  1: 1287- 
1288, 1981. 
Ewald, U., Tuvemo, T., Vessby, B. & Wfilinder, 0.: Serum apolipoproteins A-I, A-I1 
and B in diabet ic  children and matched healthy controls. A c t a  Paed ia t r  Scand 71:15- 
18, 1982. 
Halushka, P.V., Lurie, D. & Colwell, J.A.: Increased synthesis of prostag1andin-E- 
l ike mater ia l  by p l a t e l e t s  f rom pat ients  with diabetes  mellitus. N Engl J Med 

Horning, E.C., Ahrens, Jr .  E.H., Lipsky, S.R., Mattson, F.H., Meal, J.G., Turner,  
D.A. & Goldwater,  W.H.: Quant i ta t ive analysis of f a t t y  acids  by gas-liquid 
chromatography. J Lipid R e s  5:20-27, 1964. 
Houtsmuller, A.J., van Hal-Ferwerda, J., Zahn,K.J. & Henkes, H.E.: Favourable 
influences of linoleic acid on t h e  progression of diabet ic  micro- and 
macroangiopathy. Nutr  Metab 24 (Suppl I): 105-1 18, 1980. 
Jackson, R.C., Morrisett ,  J.D. & Gotto,  A.M. Jr.: Lipoprotein s t ruc tu re  and 
metabolism. Physiol Rev  56:259-316, 1976. 
Karlberg, P., Taranger,  J., Engstrom, I. et al.: T h e  somat i c  development of children 
in a Swedish urban community.  A prospective longitudinal study. I. Physical  growth 
from birth to 16 yea r s  and longitudinal ou tcome  of t h e  study during t h e  s a m e  a g e  
period. A c t a  Paed ia t r i c  Scand Suppl 258:7-76, 1976. 
Knuiman, J.T., West, C.E., Hermus, R.J.J. & Hautvast ,  J.C.A.J.: F a t t y  acid 
composition of cholesterol  e s t e r s  in serum in boys from 16 developing and developed 
countries. Atherosclerosis 3 7 6  17-624, 1980. 
Leren, P.: The  effect of plasma cholesterol lowering diet  in male  survivors of 
myocardial  infarction. A controlled clinical  tr ial .  Ac ta  Med Scand Suppl 466:l-92, 
1966. 

297: 1306-1310, 1977. 



15 
16 

17 
18 

19 

20 

21 

Mann, J.I.: Diet and diabetes. Diabetologia 18:89-95, 1980. 
Miettinen, M., Turpeinen, O., Karvonen, M.J., Elosuo, R. & Paavilainen, E.: Ef fec t  
of cholesterol lowering diet on mortality from coronary hear t  disease and other  
causes. Lancet  ii:835-838, 1972. 
Official Methods of Analysis, 10th AOAC, Washington DC, Sect. 26.052, 429, 1965. 
Schonfeld, G., Bell, E. & Alpers, E.: Intestinal apoproteins during fat absorbtion. J 
Clin Invest 61:1539-1550, 1978. 
Shepherd, B., Packard, C.J., Patsch, J.P., Cot to ,  A.M. 3. & Taunton, O.D.: Ef fec ts  
of polyunsaturated fat on t h e  properties of high density lipoproteins and t h e  
metabolism of apoprotein A-I. J Clin Invest 61:1582-1592, 1978. 
Vessby, B., Gustafsson, I-B., Boberg, J., Karlstrom, B., Lithell, H. & Werner, I.: 
Substituting polyunsaturated for  saturated fat as a single change in a Swedish diet: 
Effects  on serum lipoprotein metabolism and glucose tolerance in patients with 
hyperlipoproteinaemia. Europ J Clin Invest 10: 193-202, 1980. 
Vessby, B., Lithell, H., Hellsing, K., Ostlund-Lindqvist, A-M., Gustafsson, I-B., 
Boberg, J. & Ledermann, H.: Ef fec ts  of Bezafibrate on t h e  serum lipoprotein lipid 
and apolipoprotein composition, lipoprotein triglyceride removal capacity and the  
fatty acid composition of the  plasma lipid esters. Atherosclerosis 37:257-269, 1980. 

Received January 31, 1982. 
Address for reprints: 
Torsten Tuvemo, M.D. 
Department of Paediatrics 
University Hospital 
S-750 14 Uppsala 

117 


