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Improvement of diabetic control by continuous subcutaneous insulin 
infusion therapy changes fatty acid composition of serum lipids 
and erythrocytes in Type 1 (insulin-dependent) diabetes 

R. S. Tilvis, E. Helve and T. A. Miettinen 

Second and Third Departments of Medicine, University of Helsinki, Helsinki, Finland 

Summary. The influence of  improved diabetic control on the 
fatty composition of  serum lipids, erythrocytes and platelets 
was investigated in 24patients with Type 1 (insulin-depen- 
dent) diabetes treated for 6 months with either continuous 
subcutaneous insulin infusion (n = 14) or conventional insulin 
therapy (n = 10). The groups were matched for age, sex, body 
mass index, serum lipids, duration of  diabetes, glycosylated 
haemoglobin and insulin dose. Glycaemic control improved, 
and the contents of  dihomogammalinolenic acid and arachi- 
donic acid but not linoleic acid rose significantly (p < 0.05), in 
serum lipids of  patients treated with continuous infusion. No 
changes were observed in the group treated with insulin injec- 

tions. Both in serum and erythrocytes the n-6 polyunsaturated 
fatty acid ratios rose consistently in the patients, with im- 
provement of  control regardless of  the mode of  treatment. 
Furthermore, the change of  HbA1 was negatively correlated 
with that of  arachidonic acid in erythrocytes. No changes 
were found in the platelet fatty acid compositions. The find- 
ings suggest that improved diabetic control enhances the con- 
version of  linoleic acid to arachidonic acid, probably by acti- 
vating enzymes needed for chain elongation and desaturation. 

Key words: Diabetes mellitus, fatty acids, serum lipids, eryth- 
rocytes, platelets. 

Human diabetes mellitus is often associated with distur- 
bances of lipid metabolism. As compared to serum tri- 
glyceride and cholesterol levels and lipoprotein metab- 
olism, relatively little attention has been paid to the fatty 
acid composition of serum lipids and blood cell mem- 
branes in human Type 1 (insulin-dependent) diabetes. 
However, both human studies [1-3] and animal experi- 
ments [4-10] have indicated that the insulin deficit may 
affect the metabolism of essential fatty acids. The 
conversion of essential fatty acids like linoleic acid 
(18:2,n-6) to longer-chain polyunsaturated fatty acids 
(PUFA), e.g. dihomogammalinolenic acid (DHGLA, 
20:3,n-6) and arachidonic acid (ARA 20:4,n-6), is of 
particular interest because of their role as prostanoid 
precursors [1l]. In fact, several abnormalities of the 
platelet function and prostaglandin metabolism have 
been described in human diabetes [12-15]. Cross-sec- 
tional studies have shown that ARA-content of diabetic 
platelets may be increased [17, 18], normal [19] or de- 
creased [20], the latter especially in cases with severe ret- 
inopathy [201. We have recently observed that in women 
with Type 1 diabetes the content of linoleic acid of se- 
rum lipids was higher and that of ARA and other n-6 
PUFA lower than in controls [3]. Furthermore, glycosy- 
lated haemoglobin (HbAD was positively correlated 

with the linoleic acid content but, if anything, negatively 
with the proposed n-6 PUFA metabolites of linoleic ac- 
id, suggesting that altered linoleic acid metabolism was 
related to diabetic control. The present study was de- 
signed to explore whether improved diabetic control 
with continuous subcutaneous insulin infusion therapy 
(CSII) affects the fatty acid composition of serum and 
cell membrane lipids in Type 1 diabetes. 

Subjects and methods 

Subjects 

Twenty-four patients with Type 1 diabetes were selected from the out- 
patient diabetes clinic of Helsinki University Central Hospital 
(Table 1). The patients were participants of the WHO Multicenter 
Study on the feasibility of continuous subcutaneous insulin infusion 
therapy (CSI1). Ten patients were randomized to continue conven- 
tional insulin injection therapy (CIT) for 6 months, whereas 14pat- 
ients started CSII for 6 months. The two groups were matched for sex, 
age, serum lipids, duration and severity of diabetes, glycosylated hae- 
moglobin (HbA D and daily insulin dose. 

CSII was performed using the Nordisk Insulin Infuser-pump 
(Nordisk Insulin Laboratories, Gentofte, Denmark). Approximately 
50% of the daily dose of insulin was given as a continuous infusion 
and the rest as boluses before meals. CIT consisted of two or three 
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daily injections. Velosulin 100 U (Nordisk  Insul in  Laboratories,  Gen-  
tofte, Denmark)  was used  in CSII,  and  a mixture  o f  intermediate-act-  
ing and  short-acting insul ins  (Lente and  Actrapid;  Novo A/S ,  Copen-  
hagen,  Denmark)  in CIT. The  diet was controlled before and  during 
the  t rea tment  period and  showed no detectable change.  The  energy 
intake (30 kcal.  kg -1.  day 1) contained 45% carbohydrates ,  20% pro- 
tein and  35% fat, the  na ture  o f  which was kept  constant.  

Table 1. Clinical data  o f  24 Type 1 diabetic patients  

Variable Treatment  

CSII  C IT  

N u m b e r  (m/ f )  4 /10  5/5  
Age (years) 31 _+ 7 35 + 1 0  
BMI 23 .6+ 2.7 23.4_+ 1.9 

Diabetes 
Dura t ion(years )  14 _+ 8 11 _+ 6 
Compl ica t ions :  

Ret inopathy 6 3 
N e u r o p a t h y  2 2 

Neph ropa thy  2 0 

Treatment  t ime (months)  5.8_+ 1.5 6.0_+ 0.3 

HbAa (%) 
Before 10.8_+ 1.5 10.0_+ 1.3 
After 9 . 2 +  1 .P  10.4_+ 1.6 

Insul in dose (U /day )  
Before 45 + 1 0  44 -+10 
After 35 + 7 a 43 _+10 

Fast ing blood glucose (mmol/1) 
Before 11 .1+ 4.9 7.1_+ 5.2 
After 11 .7+ 6.0 10.1+ 6.0 

Serum lipids (mmol/1) 
Cholesterol  

Before 4.9 + 0.9 5.2-+ 1.2 
After  5.3 _+ 1.0 5.6_+ 1.2 

Triglycerides 
Before 0.9_+ 0.4 1.0_+ 0.6 
After  0.9_+ 0.5 1 .0+  0.5 

Values are the m e a n +  SD. CSII = cont inuous  subcu taneous  insulin 
infusion,  C IT  = convent ional  injection therapy. 
a p <0 .05  

Methods 

Following an overnight  fast, blood samples  were drawn into two 
10-ml tubes  and  erythrocytes were centrifuged at 125 g and  washed  
twice with 0.15 mmol /1  saline. Serum cholesterol and  triglycerides 
were measu red  by s tandard  hospital  laboratory me thods  [21, 22]. A 
port ion o f  serum was centr ifuged at 250 g for 15 rain to prepare  plate- 
let-rich plasma.  Platelet-rich p lasma  was then  recentrifuged (1950 g), 
and  the platelet pellet was washed  twice with 0.15 mmol /1  saline. 
Erythrocytes and  platelets were frozen immediatedly.  

Glycosylated haemoglob in  Aa was measu red  by the  mic roco lumn 
me thod  [23] after overnight  dialysis of  haemolysa te  in saline [24]. The 
normal  values o f  HbA1 range f rom 6.0% to 9.0%. 

Serum lipids were extracted with ch loroform-methanol  (2:1, v/v).  
Triglycerides, cholesterol esters and  phosphol ip ids  were separated on 
plastic silica gel chromatopla tes  us ing heptane:  ethyl ether: acetic ac- 
id (80: 20: 2 v / v / v )  as a solvent. After  addi t ion o f  t r imargarin as an in- 
ternal s tandard  isolated serum lipids, erythrocytes and  platelets were 
saponif ied with 1 N N a O H  in 90% ethanol  for I h at 80 °C. After re- 
moval  o f  nonsaponi t iable  lipids and  acidification o f  the  saponifica- 
t ion mixture,  free fatty acids were extracted with n-heptane  and  meth-  
ylated with 5% methanol-HC1 for 2 h at 85 °C. 

The  fatty acids were analyzed with a Vat±an 2100 gas chromato-  
graph  (Varian Associates,  Palo Alto, Calif., USA) equipped with a 
35-mm glass capillary BDS (butane-I ,4-diol  succinate) column.  The 
temperature  p rogramme was 2 ° C / m i n ,  f rom 130°C to 200°C. The 
peaks were identified on the  basis o f  retention t imes recorded for dif- 
ferent s tandards  and  measu red  with an electronic integrator. 

Statistical analysis 

The differences o f  the fatty acid composi t ion  between the groups 
were tested with an analysis o f  variance (Anova). The changes  o f  indi- 
vidual  fatty acids were tested with a paired two-tailed Student 's  t-test. 

Results 

CSII significantly reduced HbA1 (p < 0.05) and insulin 
requirement, whereas no changes were found in the 
CIT group (Table 1). Prior to the treatment period, the 
content and composition of fatty acids of serum lipids, 
erythrocytes and platelets were virtually similar in the 
two groups (Table 2). 

Table 2. Fatty acid composi t ions  o f  se rum lipids in Type 1 diabetic patients before and  after t reatment  with cont inuous  subcu taneous  insulin infu- 
sion (CSII) and  convent ional  injection therapy  (CIT) 

Fatty acid a Triglycerides Cholesterol  esters Phosphol ip ids  

CSII  C IT  CSII C I T  CSII C IT  

Before After  Before After Before After Before After Before After  Before After 

14:0 15-4- 1 18+ 2 15± 2 16± 2 9±  1 8± I 7±  t 7+ t 3-+ 0 3± 0 2_+ 0 3±  0 
16:0 268_+ 6 261± 7 256±'11 252± 9 111+ 2 107± 2 105± 1 10!± 2 288_+ 5 285± 6 286_+ 7 279± 4 
16:1,n-7 41_+ 3 44± 2 39± 3 41+ 4 38± 2 36_+ 3 29± 3 b 30± 3 5± 1 6_+ 1 5± t 6_+ I c 
18:0 52± 3 50± 4 50± 3 49± 6 11_+ 1 10± 1 t 0±  1 10± 1 137± 2 138± 4 132± 3 132-+ 3 
18:1,n-9 422-+10 422± 7 401±14 417±10 206-+ 7 207± 6 188_+ 8 189±10 136_+ 3 135± 3 126± 4 129_+ 5 
18:2,n-6 146_+`12 148±13 "189±20 '173-+17 563-+"13 559±10 594±"12 595±10 b 245±11 235± 6 262± 8 265± 9 b 

18:3,n-3 10± 1 11-+ 1 11± 1 13± 2 8_+ 3 8± I 8± 3 7+ 1 3±  0 3_+ 0 2+ 0 3±  0 
20:3,n-9 8± 2 8± 2 6±  1 5± 1̀ 1± 0 1± 0 1± 0 1± 0 5± 0 5_+ 0 5± 0 5_+ 0 
20:3,n-6 1̀_+ 0 2±  0 c 2±  0 2±  0 3_+ 0 4±  0 c 4+  0 4± 0 16± 1 19± t c 17± 2 `17± 2 
20:4,n-6 9-+ 1 "10-+ "1c "10-+ 1 10-+ 1 36-+ 2 41-+ 2 c 37-+ 2 39-+ 2 64± 3 70± 4 c 65-+ 2 67± 3 
20:5,n-3 6-+ 0 6_+ 0 6-+ I 6_+ "1 9-+ 1 9+  1 9-+ I 9± 1 24_+ 2 23-+ 2 22_+ 2 22± 2 
22:4,n-6 1-+ 0 1-+ 0 1± 0 1-+ 0 0_+ 0 0-+ 0 0-+ 0 O± 0 3-+ 0 3_+ 0 3_+ 0 3_+ 0 
22:4,n-3 5_+ t 6-+ 1 4± 0 5_+ 1 0_+ 0 0-+ 0 0±  0 0-+ 0 33± 3 33+ 3 29-+ 2 28_+ 0 
22:6,n-3 12_+ 1 12-+ "1 12_+ 2 11-+ 2 8_+ "1 8_+ 1 6±  1 6+ I 38-+ 2 4'1± 3 41-+ 3 41± 2 
Total, mg/1 434 _+ 39 495 _+ 83 499 -+ 75 541 _+ 68 809 -+ 38 847 _+ 46 864 ± 50 872 -+ 40 621 _+ 59 602 ± 59 639 ± 24 673 ± 30 

Mean±SEM aThesumofidentifiedfattyacidswasindicatedbyl000. Difference between the groups: bp<0.05orless.  Significant effect oftreatment: Cp<0.05or 
less 
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Fig. 1. Percentage changes in fatty acid contents in serum lipids by 
continuous subcutaneous insulin infusion ( • )  and conventional insu- 
lin therapy (O). Mean_+SEM of the changes. Significance of the 
changes: * p < 0.05 or less 
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Fig.2. Percentage change of fatty acid contents in serum lipids by 
fluctuation of diabetic control. • =improved control (HbAI~, 
n = 16); [] = impaired control (HbA1 ~ = ,  n = 8). Mean _+ SEM of the 
changes. * p < 0.05 or less 

Table 3. Fatty acid compositions of erythrocytes and thrombocytes in Type 1 diabetic patients before and after treatment with continuous subcu- 
taneous insulin infusion (CSII) and conventional injection therapy (CIT) 

Fatty acid s Erythrocytes Thrombocytes 

CSII CIT CSII CIT 

Before After Before After Before After Before After 

14:0 3 +  0 3 +  0 3_+ 0 3 +  0 2 +  0 2 +  0 2+  0 2 + 0  
16:0 226+10 203+10 ° 238-+11 224+1_0 c 146+ 4 146+ 2 150-+ 6 142+5 
16: t ,n-7 6 +  1 6 +  1 5 +  1 5+  1 12+ 1 11-+ 1 13+ 3 9 + 1  
18:0 207+ 9 186-+ 9 c 194+ 4 184+ 5 c 189+ 5 182-+ 3 194+13 185+4  
18:1,n-9 171+ 3 161+ 4 c 172+ 6 167+ 2 192_+ 3 196+ 3 186_+ 4 192+3 
18:2,n-6 121+ 7 123+ 6 141+ 5 b 145+ 6 b 110+13 102_+10 109_+21 97_+5 
18:3,n-3 2 +  0 2 +  0 2_+ 0 2 +  0 1+  0 1+  0 1_+ 0 1-+0 
20:3,n-9 4 +  0 4 +  0 4 +  0 4_+ 0 6 +  0 6_+ 0 6_+ 0 7-+0 
20:3,n-6 13-+ 1 15_+ 1 c 13_+ 1 14_+ t ~ 19_+ 1 16_+ 1 16_+ 2 17_+1 
20:4,n-6 113_+10 138+10 ~ 112+ 7 124+ 6 ° 233_+10 242_+ 8 229_+27 256+3 
20:5,n-3 21_+ 1 21_+ 1 16_+ 2 b 16_+ 1 21_+ 4 20_+ 2 19_+ 2 18_+1 
22:4,n-6 19_+ 2 23_+ 2 c 17_+ 1 19_+ 1 ~ 19_+ 1 20+  1 20_+ 2 21_+2 
22:5,n-3 45_+ 2 49_+ 3 33_+ 3. b 36_+ 2 ~ 27_+ 1 28_+ 1 27_+ 1 26_+1 
22:6,n-3 50_+ 5 65_+ 5 48+  6 54_+ 5 c 27_+ 2 27_+ 1 27_+ 3 28_+1 

M e a n + S E M  aThe sum of identified fatty acids was indicated by 1000. Significance between the groups: bp<0.05 or less. Effect of 
treatment: Cp <0.05 or less 

Serum fatty acids 

In the serum lipids the intensified insulin treatment by 
the pump increased only the contents of  n-6 PUFA and 
had no consistent effect on other fatty acids including 
linoleic acid (Table 2). Thus, the contents of  DHGLA 
and arachidonic acid rose by up to 25% in serum tri- 
glycerides, cholesterol esters and phospholipids of the 
CSII group, whereas no significant changes were ob- 
served in the CIT group (Fig. 1). 

The changes of n-6 PUFA were analyzed further ac- 
cording to improvement of diabetic control by the treat- 
ments using the fluctuation of  glycosylated HbA1 as the 
indicator of  a change in the control. In the patients in 
whom HBA1 fell the contents of  arachidonic acid signif- 
icantly rose (p < 0.05) in serum cholesterol esters, phos- 
pholipids and triglycerides, whereas no significant 
changes were found in patients with an unaltered or in- 
creased HbA1 level (Fig. 2). In serum phospholipids and 
triglycerides similar significant results were recorded 

for the DHGLA (p < 0.05), but no significant changes 
were found in linoleic acid of serum lipids. Poor diabet- 
ic control was associated with a significant increase in 
serum triglycerides (p <0.01) and non-significant in 
cholesterol esters and phospholipids. Owing to the fluc- 
tuations of  serum lipids neither significant differences 
nor changes were found in the absolute serum concen- 
trations of  individual fatty acids among the groups. 

Erythrocytes 

In contrast to the serum lipids, n-6 PUFA rose signifi- 
cantly (p < 0.05) in the erythrocytes of  both treatment 
groups (Table 3). However, in the patients in whom 
HbA1 was decreased the n-6 P U F A / L A  ratio was in- 
creased, whereas no consistent changes were found in 
other patients (Fig.3). Furthermore, the changes in 
HbA1 were negatively correlated with those of  n-6 PU- 
FA, e.g. arachidonic acid (Fig. 4), but not with that of  
linoleic acid. 
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Fig. 3. Ratios of  n-6 P U F A  to linoleic acid or erythrocytes before (B) 
and after (A) treatment with continuous subcutaneous insulin infu- 
sion (•) and conventional insulin regimen (o). Means indicated by 
horizontal lines. HbA~J,=Patients in whom treatment decreased 
HbAa, n = 16; HbAa~" = Patients with unchanged or increased HbA1 
during treatment, n = 8 
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Fig.4. Correlation of  changes in HbA~ with those in percentage con- 
tent o f  arachidonic acid or erythrocytes. • = patients treated with con- 
tinuous subcutaneous insulin infusion, o = conventional insulin regi- 
men. r = - 0.455, p < 0.05 

Platelets 

The platelet fatty acid composition was not affected by 
CSII or CIT (Table 3). 

Discussion 

Our earlier findings [3] suggested that the low n-6 PUFA 
content of  serum lipids and cellular membranes in 
women with Type I diabetes, especially in those with 
poor diabetic control, was due to impaired conversion 
of linoleic acid to the longer chain n-6 PUFA, i.e. 
DHGLA, arachidonic acid and docosatetraenoic acid. 
If this were true, improved diabetic control should be 
associated with an increase in n-6 PUFA. The present 
findings actually demonstrate that the intensified insu- 
lin treatment which improved diabetic control was asso- 
ciated with an increased contribution of n-6 PUFA of 
serum lipids and erythrocytes. This increase was pro- 

portionate to the improvement of diabetic control as in- 
dicated by the negative correlations between the 
changes in the fatty acid contents and that in the HbA1 
level of erythrocytes. 

Serum levels of n-6 PUFA are influenced by dietary 
intake of essential fatty acids, mainly linoleic acid and 
gamma-linolenic acid (GLNA; 18: 3,n-6), chain-elonga- 
tion and desaturation of linoleic acid to other n-6 PU- 
FA, and incorporation of n-6 PUFA into tissue mem- 
brane lipids. The similarity of the initial values of serum 
lipids and their fatty acids suggests that the diets of the 
two treatment groups had been similar. The linoleic ac- 
id content in serum lipids and in the diet was not 
changed detectably during the treatment period. Di- 
etary intake of arachidonic acid and other long chain 
n-6 PUFA is low and probably does not vary remark- 
ably [25, 26]. Thus, increased serum n-6 PUFA are most 
likely formed endogenously from linoleic acid, even 
though the decreased utilization of n-6 PUFA to eicosa- 
noids or conversion to peroxides during improved dia- 
betic control can not be excluded. Some evidence has 
been presented that CSII might normalize the elevated 
thromboxane production in Type 1 diabetes [27]. The in- 
crease of n-6 PUFA in the erythrocytes of the present 
study and the unaltered platelet fatty acid composition 
suggest that the rise of serum n-6 PUFA, e. g. arachidon- 
ic acid, was not caused by a diminished incorporation 
of serum PUFA to membrane lipids during the im- 
provement of the diabetic state. Thus, the increase of 
metabolic products of LA, n-6 PUFA, and the n-6 PU- 
FA/LA ratios in serum lipids and erythrocytes concom- 
itantly with the proportionate decrease of HbAt suggest 
that the chain-elongation and desaturation of linoleic 
acid had been activated in patients with improved dia- 
betic control. 

The initial and rate-controlling step in the conver- 
sion of linoleic acid to arachidonic acid is the formation 
of 7/-linolenic acid (GLNA 18: 3,n-6) by the A6 desatu- 
rase enzyme [4-10]. GLNA is further converted to 
DHGLA by chain elongation and further by the A 5 de- 
saturase to arachidonic acid. The activities of these en- 
zymes are decreased in experimental insulin deficiency 
[4-10]. In the present study the contents of  DHGLA 
and arachidonic acid were slightly increased in serum 
lipids and especially in erythrocytes of the diabetic pat- 
ients proportionately to the decrease in glycosylated 
haemoglobin. 

No significant changes were observed in the con- 
tents of serum or erythrocyte eicosapentaenoic acid 
(20:5, n-3) and docosahexaenoic acid (22:6, n-3), even 
though the sum of n-3 PUFA tended to increase more in 
CSII than CIT. The n-3 PUFA are proposed to be the 
A 5 and A4 desaturation and chain-elongation products 
of a-linolenic acid (LNA 18:3, n-3). Our findings sug- 
gest that either the A 5 and A 4 desaturases and the chain 
elongation were not significantly activated by improved 
diabetic control or that only a negligible amount of tis- 
sue n-3 pUFA is derived from the dietary linoleic acid. 
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The low n-3 PUFA in Type 1 diabetes [3] may be due to 
low dietary intake of these fatty acids or their enhanced 
consumption. On the other hand, if the A4 and A5 de- 
saturases are not activated by improved diabetic bal- 
ance, the rises of n-6 PUFA in serum lipids and erythro- 
cytes could be secondary to the activation A6 desatura- 
tion and subsequently increased formation of GLNA 
and DHGLNA. Furthermore, no changes were ob- 
served in the concentrations of saturated and mono- 
enoic fatty acids or their ratios, even though the activity 
of A9 desaturase, responsible for formation of mono- 
enoic fatty adds, is decreased in the experimental insu- 
lin deficiency [8]. It is quite possible that changes greater 
than found in the diabetic control of our study could re- 
sult in alterations of saturated/monoenoic fatty acid ra- 
tios and of n-3 PUFA. 

The present experiments confirm the earlier results, 
suggesting the dependence of fatty acid composition of 
serum and erythrocyte membranes on the diabetic state 
in man [1-3], and imply that the insulin therapy en- 
hances the conversion of linoleic acid to prostanoid pre- 
cursor fatty adds. Further studies are needed to eluci- 
date the degree to which alterations in prostanoid 
metabolism of diabetic patients [12-20] are based on 
disturbances in the synthesis of the precursor PUFA. 
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