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Summary. Blood lipid estimations were performed on 
118 diabetics receiving different forms of treatment and 
with varying degrees of control of their diabetes. Elevated 
blood lipids were found predominantly in elderly patients 
being treated with hypoglycaemic drugs and could not be 
accounted for by poor diabetic control. Patients with 

elevated plasma triglycerides were significantly heavier 
tha~ those with normal levels. 
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Lipid abnormalities are common in untreated and 
uncontrolled diabetes [1--5]. There is good evidence 
tha t  these abnormalities improve with the initial con- 
trol of ketosis and hyperglycaemia [2, 5- -  10], but  there 
is controversy as to whether or not this improvement  
in the blood lipids persists in patients receiving main- 
tenance anti-diabetic therapy [1, 5, 11--i3] .  The ob- 
ject of the present s tudy was to determine the incidence 
of blood lipid abnormalities in diabetics maintained on 
different forms of t rea tment  and with varying degrees 
of control of their diabetes. 

Material and Methods 

One hundred and eighteen juvenile and matur i ty  
onset diabetic patients were studied and have been 
divided into groups on the basis of their diabetic con- 
trol. 

Group 1 ("Good Control") 51 Subjects 

Each of these had at  least two successive monthly  
fasting blood sugar levels of less than  150 rag/100 ml 
and a mean of such values of less than  140 rag/100 ml. 
Their degree of glycosuria on repeated home testing 
was less than 0.25%. In  addition, single 24 h urine 
samples were collected on each subject (in 2 ml 0.5% 
chlorhexidine as preservative), the sugar content of 
which was also less than  0.25%. All blood and urine 
sugars were measured by  a neocuprin autoanalyser 
method [14]. 

Group 2 ("Eair Control") 46 Subjects 

Each of these had two or more successive monthly  
fasting blood sugars of less than  225 mg/100 ml with a 
mean of less than  200 rag/100 ml. Urine sugars were 
less than 1.0% on repeated home testing and 24 h urine 
collections. 

Group 3 ("Poor Control") 21 Subjects 
The subjects in this group failed to satisfy the re- 

quirements of Group 2. None were ketotic at  the t ime 
of study. 

The characteristics of the three groups with regard 
to age, sex, t rea tment  and duration of diabetes are 
shown in Table 1. 

Body Weight 
Body weight was expressed as the percentage of 

"ideal weight" which was taken as the midpoint of the 
range of ideal weight for subjects of medium frame, from 
the Metropolitan Life Insurance Company Tables [19]. 

Blood Lipid Measurements 
Following a 12 h fast, venous blood was taken for 

measurement of serum cholesterol, plasma triglycerides 
and lipoprotein electrophoresis. Two or more samples 
a t  monthly  intervals were obtained from 85 percent of 
patients. In  the remainder a single specimen was ex- 
amined. 

The serum cholesterol was estimated by  a modifica- 
tion of the Zlatkis method [15], and the normal level 
taken to be less than  280 mg/100 ml. 

Plasma triglycerides were measured either by  the 
standard Boehringer ki t  method [16], or by  an auto- 
analyser method [17] and the normal level taken as less 
than  160 rag/100 ml. The results with the two methods 
agreed well. Thus 24 samples analysed by  each method 
gave mean values of 100.7 rag/100 ml (Boehringer kit) 
and 96.1 rag/100 ml (auto analyser). A paired t test  on 
these results gave a value of t = 1.12 showing no signifi- 
cant difference. 

Lipoprotein electrophoresis was carried out on 
agarose gel according to the method of Noble [18]. 

Results 

There was no clear difference in the mean serum 
cholesterol or plasma triglyceride levels between the 
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th ree  groups  (Table 1). P l a s m a  t r ig lycer ides  f rom 3 
subjec t s  were excep t iona l ly  high and  were exc luded  
f rom this  ana lys is  for fear  of undue  weigh t ing  of the  
means .  

pa t i en t s  ( ~  50) the  a p p a r e n t l y  h igher  incidence of tr i-  
g lycer ide  abnormal i t i e s  in  the  t a b l e t  t r e a t e d  group,  as 
compared  wi th  those  on insulin,  was of border l ine  
significance (p < 0.1. 

Table 1. Details of patients studied with their blood lipids, and fasting blood sugar levels and body weights 

No. Age Sex Dura t ion  

Mean Range M F diabetes 
(yrs.) 

Treatment  Serum Plasma tr i-  

(No. patients)  FBS cholesterol glycerides Wt.  

Oral (rag/100 ml) (mg/100 ml) (rag/100 ml) (% ideal) 
In-  drugs diet  m 4- s.d. m 4- s.d. m 4- s.d. m 4- s.d. 
sulin 

Group 1 a d 
"Good 51 57 13--78 32 19 4.0 7 38 6 1094-18 2274-46 1214-49 1104-17 
control"  
Group 2 b e 
"Fa i r  46 49 11--69 26 20 6.3 33 11 2 1494-25 2294-45 1174-49 1094-15 
eor i t ro l"  
Group 3 c 
"Poor  21 50 16--73 12 9 10.0 20 1 2 2454-58 2194-43 1094-43 1074-17 
control" 
Total  118 53 11--78 70 48 6.9 60 50 8 

a Sulphonylureas 24, Phenformin 12, Combined 2. 
b Sulphonylureas 4, Phenformin 5, Combined 2. 
c Sulphonylureas 1. 
d This figure excludes two pat ients  with plasma tr iglyceride levels of 680 and 361 rag/100 ml. 
e This figure excludes one pat ient  with a plasma tr iglyceride level of 342 rag/100 ml. 

Table 2. Incidence of abnormal blood lipids related to age and treatment 

Insulin t rea ted  
(60 patients)  

Oral hypoglycaemie drugs 
(50 patients)  

Age Total  Age Total  

< 50 ~ 50 < 50 N 50 
(29 patients)  (31 patients)  (5 patients)  (45 patients)  

Raised serum 
cholesterol 1 4 5 0 8 8 
Raised plasma 
triglycerides 1 4 5 0 17 17 
Any abnor- 
ma l i ty  of 
blood lipids 2 7 9 0 19 19 

Table 3. Overall data on all patients other than those treated with diet alone related to plasma triglyceride levels 

Plasma Fas t ing  Serum Wt.  Age Durat ion Onset 
tr iglycerides blood sugar cholesterol (% ideal) (yrs.) diabetes diabetes 
(mg/100ml) (mg/100ml) (mg/100ml) m 4 - S . D ,  m 4 - S . D .  (yrs.) before 
m 4- S.D. m 4- S.D. m 4- S.D. m 4- S.D. age 40 

Number  
treated 
with 
oral 
drugs 

Raised plasma 
Triglycerides 222.64-69 146.1=t=55.9 247.94-60.3 119.2-t-14.5 59.34-6.6 4.894-5.5 9.1a 77.3 a 
(n  = i 2 )  
Normal  plasma 
Triglycerides 100 4-26.8 153 4-58.4 219.7-t-42.2 107.14-15 50.84-15.8 6.544-5.8 34.1 a 38 a 
( n  = as) 
Significance p < 0.001 NS p < 0.02 p < 0.001 p < 0.02 NS --  - -  

a ~o of total in the group. 

The incidence of a b n o r m a l  b lood  l ipids  in  the  group  
of pa t i en t s  re la ted  to  the i r  age and  t r e a t m e n t  is shown 
in Table  2. P a t i e n t s  on d ie t  alone were exc luded  f rom 
fur ther  analys is  as the  numbers  were small .  I n  the  older  

Nine teen  of the  23 pa t i en t s  wi th  e leva ted  p l a sma  
t r ig lycer ide  levels wer  e overweight  ( ~  10% above  ideal  
weight)  and  the  group of pa t i en t s  w i th  e l eva ted  p l a sma  
t r ig lyeer ides  was heav ie r  t h a n  the  o ther  sub jec t s  
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(p<0.001) .  The women studied were significantly 
heavier than the men (mean 18.9% above ideal weight 
in the women, 3.3~/o in the men, p < 0.001), and 14 of 
the 48 women had raised plasma triglyceride levels 
(29.2%) as compared with 9 of the 70 men (12.9%). 

The overall data on all the patients, other than 
those treated with diet alone, in relation to their 
plasma triglyeeride levels, are shown in Table 3. There 
was no difference in fasting blood sugar levels and in 
duration of diabetes in those who had raised plasma 
triglycerides as compared with those who did not. The 
increased weight of the former group is again shown, 
as is the finding that  they tended also to be older and 
have higher serum cholesterol levels than the latter 
group. 

Reproducibility of Blood Lipid Results 
Analysis of 96 paired cholesterol samples from 

individual patients showed that  the standard error of 
the differences (S) 1 was 21.1 mg/100 ml. Likewise, 87 
paired triglyceride samples showed a standard error of 
the differences of 28.4 rag/100 ml. As regards the error 
of the methods, repeated estimations of the sample for 
serum cholesterol showed a coefficient of variation of 
1.38% and for plasma triglycerides (autoanalyser 
method) of 4.34%. 

Lipoprotein Electrophoresis 
The serum lipoprotein electrophoresis results 

showed abnormalities of the Type I I  and Type IV 
patterns of hyperlipoproteinaemia and agreed with the 
blood triglyceride and cholesterol estimations. No pa- 
t ient  with hyperchylomicronaemia was seen. 

Discussion 

In  this study of non ketotic diabetics, elevated 
plasma lipids were found predominantly in the older 
patients who were being treated with oral hypoglycae- 
mic drugs. There was no obvious difference in diabetic 
control between those with and without abnormal blood 
lipids. The elevation of plasma triglycerides was more 
marked than that  of the serum cholesterol. There are 
various possibilities tha t  might account for these 
findings. 

Thus the abnormal blood lipids might be attribut- 
able to the effect of the oral hypoglycaemie drugs. 
Such an explanation would be tempting in view of the 
recent report  of a worsening of prognosis in diabetics 
treated with tolbutamide [20] and phenformin [21] and 
the association between raised plasma triglyceride 
levels and vascular disease [11, 22]. This possibility, 
however, does not seem likely from other evidence that  

1/~ 1 s = [ ~  8 = difference in mg/100 ml 
n = number of pairs 

phenformin [23], tolbutamide and chlorpropamide [24] 
reduce serum triglyceride levels in diabetics. 

I t  may be that  the explanation of the higher plasma 
triglycerides in the oral hypoglyeaemic drug treated 
group lies in a fundamental difference in the nature of 
matur i ty  onset diabetes as compared with the juvenile 
onset type. I t  is also possible that  some of our matur i ty  
onset diabetics with abnormal lipids were patients with 
an underlying primary hyperlipoproteinaemia, in whom 
associated diabetes is common [25]. Both these pos- 
sibilities are clearly difficult to establish or refute. 

An important  feature of the present study is that,  
with few exceptions, those subjects who had elevated 
plasma triglyeeride levels were also overweight and 
that,  as a group, they were heavier than those with 
normal plasma triglycerides. This observation agrees 
with other recent studies of lipid abnormalities in dia- 
betics [10, 26], although Lewis et al. [9] found no clear 
difference in triglyceride levels between lean and obese 
diabetics. A correlation between obesity and blood 
triglyeeride levels has also been shown in non-diabetic 
subjects [27] and there is usually a fall of plasma tri- 
glycerides in both diabetics and non-diabetics with 
weight reduction [4]. Morris etal. [24], however, found 
that  the plasma triglyceride levels fell in their diabetics 
with routine anti-diabetic treatment,  despite a gain in 
weight. The incidence of hypertriglyceridaemia has 
been shown to be higher in diabetics found to be suffer- 
ing from atherosclerosis [26]. In the present s tudy we 
did not assess the incidence of atherosclerosis. 

The most satisfactory dietary t reatment  of the non 
obese diabetic remains uncertain [4]. As regards the 
obese diabetic, however, the high incidence of elevated 
triglyeerides which occurs, even in those who are ap- 
parently well controlled, provides yet  another argu- 
ment for maintaining caloric restriction until an ideal 
body weight has been achieved. In those patients 
whose serum lipids remain abnormal despite satisfac- 
tory weight loss, independent t reatment  of the hyper- 
lipidaemia is indicated. 
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