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Summary. The relationship of insulin secretion to 
different types of lipid disorders was studied in 54 non- 
obese coronary patients with hyperlipidicmia. Nineteen 
patients had hypercholesterolemia and normal triglyceri- 
des (type II) ,  and 35 had endogenous hypertriglyceride- 
mia with or without elevated cholesterol levels. Carbohy- 
drate abnormalities and increased insulin concentrations 
were much more frequent in the hypicrtriglyceridemiic 
group than in the type I I  group. Treatment designed to 
lower insulin levels resulted in no significant serum lipid 
changes in the type I I  subjects. In  those with hypertri- 
glyceridemia, a decrease in insulin accompanied appre- 
ciable falls in triglyceride and cholesterol levels. Mild 
carbohydrate abnormalities with insulin hyperseicretion 
were closely associated with endogenous hypertriglyceri- 
dicmia, but  appeared to play no major role in type I I  hy- 
picrlipidicmia. 

Le rdle de l'insuline endoggne dans diffdrents dtats 
d' hyperlipiddmie 

tldsumd. La relation entre la sgcr6tion d'insulinic et 
diff@rents types de perturbations lipidiques a @t~ 6tudigic 
chez 54 patients coronariicns non-obgses, pr@sicntant une 
hyperlipid@mie. Dix-neuf patients avaiicnt de l 'hyper- 
cholest6rol6mie et des taux de triglyic@ridics normaux 
(type II),  et 35 avaient de l'hypertriglyicgrid@miic endo- 
g@ne aveic ou sans @l@vation des taux de cholest@rol. Lies 
anomalies des hydrates de icarbone et les concentrations 
@levdics d'insuline 6taient bien plus frdquentes dans lic 
groups hypertriglycdridgmique que dans le groupie du 
type II .  Un traitement destin6 ~ abaisser les taux d'in- 
suline n 'a  pas provoqud de modifications significatives des 
lipides s@riques chez lies sujets du type II .  Chez les sujets 

ayant  une hypertriglyc6riddmie, une diminution du taux 
d'insuline accompagnait des diminutions appreciables des 
taux de triglyc@rides et de cholest@rot. De ldggres anoma- 
lies des hydrates de carbons ainsi qu'une hypicrs@icr6tion 
d'insuline dtaient 6troitemicnt li~es ~ l'hypertriglyc@rid6- 
mie endoggne, mais ne sicmblaiicnt pas jouer un r61e ma- 
jeur dans l'hyperlipidgmie du type I I .  

Die Rolls des endogenen Insulins bei verschiedenen hy- 
perlipidamischen Zustanderb 

Zusammenfassung. Bei 54 nicht iibicrgewichtigicn Koro- 
narpatienten mit Hyperlipid~miic wurde die Beziehung der 
Insulinsickretion zu verschiedenenArten von Lipidst6rung- 
enuntersucht. 19 Patiicnten hatten sine Hypericholesterin~- 
miic und normMic Triglycicridspiegel (Typ II),  35 hatten sine 
endogene Hypicrtriglycerin/~mie mit oder ohne erhShten 
Cholesterinspiegel. Anomalien des Kohlicnhydratstoff- 
weichsels und erhShte Insulinkonzentrationen wurden viel 
h/~ufiger in der Gruppe der ttypertriglycicrin/~mien als in der 
Gruppe des Typ I I  angetroffen. Eine den Insulinspiicgel sen- 
kende Behandlung fiihrte niicht zu signifikanticn ,~r~derun- 
gcn dicr Serumlipide bici den F/illen des Typ II .  Bici den Hy- 
pertriglycerin/~mien wurdic die Insulinvicrminderung von 
einem bictr/gichtliichen Abfall dicr Triglycerid- und Choleste- 
rinspiegel beglicitet. Geringe Anomalien des Kohlicnhydrat. 
stoffwechsels mit Insulinhypersekretion waren icng mit  
ciner eudogenen Hypertriglycicrin/imie verkniipft, sichie- 
nen abler keine gr613ere Rolls bei den Hyperlipid/imien des 
Typ I I  zu spielen. 

Key words: Insulin secretion, Hyperlipidemia, Hyper- 
icholesterolicmia, Hypertriglyiceridemia. 

Disorders in lipid and carbohydra te  metabol ism 
are common in pat ients  with coronary  hear t  disease 
[1, 2, 3]. The lipid pat terns  of coronary  pat ients  m a y  
be characterized as either isolated hypercholesterol- 
emia, or hypertr iglyceridemia with or wi thout  elevated 
cholesterol levels [4, 5, 6]. Abnormalit ies in glucose 
tolerance, even though  minor, appear  to increase the 
risk of developing clinical manifestat ions of athero- 
sclerosis [7]. 

We have recent ly  reported tha t  a high f requency of 
abnormalit ies in serum lipid levels, glucose tolerance, 
and insulin responses was found in young  pat ients  with 
coronary  disease [8]. A positive correlation was noted 
between fasting triglycerides and the magni tude  of 
glucosic-induced insulin secretion. Since hyperl ipidemia 
and hyperglycemia can be influenced by  changes in 
insulin secretion, body  weight, or d ie tary  intake [9], 
this s t udy  evaluates the  initial relationships between 
the types  of lipid abnormalit ies and glucose-induced 

insulin secretion in coronary  patients.  We also observed 
wha t  effect lowering insulin levels had on serum lipids. 
The results confirm previous evidence tha t  insulin 
hypersecret ion is closely associated with and  possibly 
causally related to  endogenous hypertr iglyceridemia.  
They  fur ther  suggest t h a t  insulin secretion is no t  a 
controlling factor  in regulation of cholesterol levels in 
patients with hypercholesterolemia wi thout  hypertr i -  
glyceridemia. 

Methods 

Patient Selection 

The patients were selected from a group of 100 young 
(age 24 to 49), non-obese (less than 115% ideal body 
weight according to Metropolitan Life Insurance Com- 
pany  tables) subjects who were hospitMized for coronary 
disease. Those with known diabetics were excluded. The 
diagnosis of coronary heart disease was established by :  
1. a definite myocardial infarction (electrocardiographic 
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and/or serum enzyme changes; 2. presence of angina 
pectoris associated with angi.ographic evidence of coron- 
ary atherosclerosis; or 3. angma pectoris associated with 
electrocardiographic evidence of coronary insufficiency. 
A control group of 37 subjects without known coronary 
disease aged 26 to 50 years, and weighing less than 115% 
ideal body weight had fasting lipid determinations and a 
glucose tolerance test with insulin measurements for pur- 
poses of comparison. No repeat testing was performed on 
the controls. Four of these subjects had elevated choles- 
terol and/or triglyceride levels. Their mean cholesterol 
value was 220 mg per 100 ml (range 131--321) and the 
mean triglycerides 80 mg per 100 ml (range 10--258). 

Classification of Hyperlipidemia 

Fifty-four of the 100 patients were arbitrarily 
designated as having hyperlipidemia. The method of 
making this selection consisted of establishing that  the 
fasting serum cholesterol exceeded 290 mg% or the 
fasting serum triglycerides exceeded 180 mg%, or both. 
Cholesterol was measured according to the method of 
Abell et al. [10] and triglycerides by the methods of 
Stern and Shapiro [11] and Laurell [12]. Alllipid studies 
were made a month or longer after myocardial infarc- 
tion. Lipoprotein electrophoresis was done in all pa- 
tients except a few of those with hypercholesterolemia 
and normal triglycerides. Familial hyperlipidemia can 
be divided into five different types based upon concen- 
trations of different plasma lipoproteins [13, 14]. 
Secondary hyperlipidemias such as those due to thyroid 
disorders or liver disease were excluded by clinical 
examination and appropriate screening laboratory 
tests. Two groups of patients were classified as hyper- 
lipidemias based on 1. an elevated cholesterol level 
without hypertriglyceridemia, and 2. elevated endo- 
genous triglyeerides with or without hypercholesterol- 
emia. 

The Type I I  hyperlipidemic group consisted of 19 
patients who had hypercholesterolemia and normal 
triglycerides. Familial Type I I  is hyperbeta-lipopro- 
teinemia with or without increased pre-beta lipo- 
proteins, a definition based on study of many kindreds 
[14]. One must determine directly or indirectly whether 
beta lipoproteins are increased to diagnose familial 
Type I I  hyperlipidemia. This was not done on all 
patients in this group. 

The other group consisted of 35 subjects with 
elevated endogenous triglyceride levels, with or without 
cholesterol elevation (mixed group). The electrophoretic 
patterns of the mixed group consisted of Type III ,  
Type IV, and a third pattern in which both the beta 
and pre-beta bands were distinctly separated and 
densely stained. Type I I I  is defined by the presence of 
abnormal lipoproteins [15]. Special techniques such as 
ultracentrifugation or eleetrophoresis on both poly- 
acrylamide gel and paper were not carried out to 
clearly differentiate this type from others. Those sub- 
jects with patterns in which both the beta and prebeta 
bands were densely stained may represent the variant 
of familial Type I I  in which pre-beta lipoproteins are 

elevated in addition to beta lipoproteins. I t  may also 
be the "mixed type"  of acquired hyperlipoproteinemia 
that  some believe is different from Type I I  [16]. Two 
Type V subjects who had significant staining at the 
origin (chylomicrons) were excluded. 

Evaluation of Insulin Secretion 

A 3-h oral glucose tolerance test using 240 ml of 
Glucola| (75 grams) was done at the time of lipid 
measurements. Serum glucose was estimated by the 
autoanalyzer, and serum immunoreactive insulin by  
the method of Grodsky and Forsham [i7]. Insulin 
values from specimens obtained at 0, ~ ,  1, 2, and 3 h 
were used to calculate the area under the 3-h curve in 
mU-min (milliunit minutes). The formula used for the 
calculation was: Area ---- [ ( ~  (fasting level) -k (1~ h 
level) -k 11~ (1 h level) -k 2 (2 h level) -k (3 h level)] 
• 30. All subjects were told to eat a regular diet for 

two days before the tests. 

Assessment of the effects of diet and phenformin on insulin 
and lipid levels 

After the initial study, therapy was begun to t ry  
to reduce insulin secretion by administering phen- 
terrain, a drug known to decrease insulin responsiveness 
to glucose leading, and by  employing a diet low in 
simple sugars. The daily dose of phenformin was 50 to 
150 mg. The smaller dose was begun initially, then an 
increase to 100 or 150 mg daily was made about 
2 months later. If the patients noticed gastrointestinal 
symptoms or a metallic taste, the dose was decreased 
to 50 mg per day and maintained at that  level. In 
practice, the diet eliminated free sugar, desserts, soft 
drinks and jellies, but  not fruit. In  patients with ele- 
vated cholesterol levels, a low cholesterol-proportioned 
fat diet similar to that  used by the Anti-Coronary Club 
was also prescribed [18]. No mention of exact calories 
was made to the patients. As more patients entered the 
study, a group on diet alone was also established. Thus, 
when a subject agreed to participate, t reatment with 
phenformin plus diet, or diet alone, was prescribed 
randomly, Two months after t reatment and then again 
at regular intervals, an oral glucose tolerance test was 
repeated and serum lipids were remeasured. Statistical 
analysis by "students'  t "  test was done to determine 
significant differences between means of paired data by 
comparing the initial values with those obtained after 
treatment.  

Results 

The Type I I  hyperlipidemie group had a mean 
serum cholesterol level of 357 and triglycerides of 
81 mg per 100 ml. The patients with endogenous hyper- 
triglyeeridemia had mean concentrations of 317 mg 
per 100 ml cholesterol and 376 mg per 100 ml tri- 
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glycerides. Thirteen (37%) of the 35 patients in the 
latter group had cholesterol levels less than 290 mg 
per 100 ml. 

Glucose tolerance tests and insulin response 

Since known diabetics were excluded, the actual 
frequency of glucose intolerance in unselected hyper- 
lipidemic subjects is not represented by this study. 
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Fig. I. Comparison of mean and one standard error of glu- 
cose (above) and insulin (below) values during a glucose 
tolerance test in 19 patients with Type II hyperlipidemia 
and 35 patients with endogenous hypertriglyeeridemia 

with or without hypercholesterolemia 

An abnormal serum insulin response, manifested 
by one or more elevated levels, or delayed peak levels 
occurring after the 1-h interval, was found in six of 
the Type I I  group and 22 of the mixed group (Table 1). 
The insulin response was considered elevated if it ex- 
ceeded the mean plus two standard deviations of 
control subjects). The mean insulin response of the 
mixed group was higher at each interval after glucose 
than that  observed in the Type I I  group (Fig. 1). 

An estimation of the total insulin concentration 
was made by  calculating the area under the 3-h insulin 
curve. The mean insulin area of the group with endo- 
genous hypertriglyceridemia was 24 4- 2 mU-min. This 
was significantly higher (p < 0.05) than the 16 4- 3 
mU-min found in the 19 Type I I  patients. 

The effects of phenformin and diet in the mixed hyper- 
lipidemie group 

Twenty-seven of the patients with endogenous 
hypertriglyceridemia were treated with phenformin 
and diet while the other eight were treated a low 
simple sugar diet. After two months of therapy, 
the mean area under the 3-h insulin curve for the total  
group decreased from 24 to 17 mU-min (p < 0.05). 
The decrease in insulin secretion was accompanied by 
impressive falls in the levels of cholesterol and tri- 
glyceride (Fig. 2). The mean serum triglyceride con- 
centration of 376 decreased to 196 mg per 100 ml after 
two months of t reatment  (p < 0.01). The serum 
cholesterol level of 317 concommitantly fell to 276 mg 
per 100 ml (p < 0.02). After continued treatment for 
an average of 17 months, the triglyceride level was 195 
and the cholesterol was 266 mg per 100 ml, both 
significantly different from initial values (p < 0.01). 

The mean weight of the group decreased from 170 
to 164 after two months and finally at 157 pounds. 

T a b l e  t .  Carbohydrate and Insulin Abnormalities Found in the Tested Subjects 

A b n o r m a l i t i e s  a 37 Control Sub jec t s  19 Patients With 
Type II myper- 
lipidemia 

35 P a t i e n t s  W i t h  
Endogenous myper- 
triglyceridemia 

Insulin Only 
Carbohydrate Only 
Insulin and carbohydrate 
Total Patients with abnormality 

5 4 16 
0 0 2 
1 2 6 
6 (16%) 6 (31%) 24 (68%) 

a A b n o r m a l i t i e s :  I n su l in - r e sponse  m a n i f e s t e d  b y  e l eva t ed  level  or  b y  de l ayed  sec re t ion ;  c a r b o h y d r a t e - a b n o r m a l  
glucose t o l e r ance  t e s t  ( P r o b a b l e  or  def in i te  d iabe tes )  

However, only two of the 19 patients with Type I I  
hyperlipidemia compared to seven of the 35 patients 
with endogenous hypertriglyceridemia had possible or 
definite diabetes according to the criteria of Wilkerson 
[19]. No subjects had a fasting serum glucose level 
above 115 mg per 100 ml. Fig. 1 compares the mean 
glucose values of the two hyperlipidemic groups. 

Weight loss certainly played some role in the metabolic 
measurements noted since insulin and lipid concentra- 
tions are both influenced by  body weight. However, 
12 of the 35 patients gained slightly after t reatment for 
two months. Of these, eight showed decreased insulin 
levels associated with lower triglycerides in spite of the 
weight gain. 

15" 
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Fig. 2. Responses of insulin concentration (reflected by the area under the 3-h curve) and serum cholesterol and tri- 
glyceride levels to treatment with phenformin plus diet or diet alone in 35 patients with endogenous hypertriglyeer- 
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Fig. 3. Responses of insulin concentration and serum cholesterol and triglyceride levels to treatment with phenformin 
plus diet or diet alone in 19 patients with Type I I  hyperlipidemia 

The effects of phenformin and diet in the type I I  hyper- 
lipidemie group 

Treatment resulted in a decrease of the mean insulin 
area from 16.3 to 10.5 after two months and to 9.7 
mU-min (p < 0.10) after a mean of 17 months (Fig. 3). 
The small decrease in insulin concentration was associ- 
ated with an insignificant rise in serum triglycerides 
from a mean level of 81 to 87 after two months and 
to 100 mg per 100 ml after 17 months treatment. 
Serum cholesterol levels decreased from 357 to 333 
after two months and to 321 mg per 100 ml (not 

significant) after a mean follow-up of 17 months. As 
a group, these subjects reduced from 158 to 152 
pounds. 

Thirteen of the Type I I  patients were treated with 
phenformin and low-cholesterol-proportioned fat, low 
simple sugar die~, while the other six were treated by 
diet alone. Although there was a tendency toward 
lower insulin concentrations, decreased serum choleste- 
rol levels, and increased triglycerides, only the final 
set of insulin concentrations in the phenformin treated 
patients approached statistically significant values 
(Table 2). 
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Comparison of hypercholesterolemic subjects 
in both groups 

Twenty two patients in the mixed group had ele- 
vated cholesterol levels (exceeding 290 nag per ml). 
A comparison of the mean cholesterol changes were 
made between these patients versus the Type I I  group. 
The initial mean cholesterol value for the 22 patients 
with both triglyceride and cholesterol elevations was 
352 • 13 (1 SEM) mg per 100 ml, quite similar to the 
mean level of 357 mg per 100 ml found in the total 
Type I I  group. Treatment resulted in a decrease of the 
cholesterol to 297 (p < 0.05) after two months and 
later to 278 mg per 100 ml (p < 0.01), quite different 
from the minimal changes noted in the Type I I  group. 

suggest tha t  increased endogenous insulin secretion 
plays a major role in the hyperlipidemia of the mixed 
group. Insulin hypersecretion does not seem to be of 
importance in Type I I  hyperlipidemia. This thesis is 
consistent with the physiologic role of insulin. Besides 
its well known action to increase glucose uptake by 
cells, insulin facilitates lipid storage both by enhancing 
fa t ty  acid synthesis and inhibiting lipolysis. Trigly- 
cerides synthesized in the liver are transported in the 
blood stream to a large extent in the form of pre-beta 
lipoproteins. 

The concept that  endogenous hypertriglyceridemia 
might have been induced by an exaggerated secretion 
of insulin is in accord with previously reported studies 
by  Farquhar et al. [20] and Reaven et al. [21]. Several 

Table 2. Effect of Diet and t)henformin Plus Diet on Mean 4- 1 SEM.  Insulin (mU--min)  and Lipid (mg per 100 m 0 
.Responses 

Endogenous Insulin Area Triglyeerides Cholesterol 
Hypertriglyceridemia Group Initial 2 Month Final Initial 2 Month Final Initial 2 Month Final 

Diet alone (8) 194-4 164-4 144-7 253~23 
Phenformin plus diet (27 )  264-3 174-3 a 144-2b 4134-61 
Total Group Mean (35) 244-2 174-2 a 154-2 b 3764-49 
Type II  Hyperlipidemie Group 
Diet alone (6) 114-2 74-1 134-4-5 774-26 
Phenformin pins diet ( 13 )  194-3 12:i:2 9-l-2 a 83• 
Total Group Mean (19) 164-3 114-2 104-2 81• 

864-21 b 138=[=26 a 2844-12 
2314-42a 2094-27b 3274-14 
1964-34 b 1954-23 b 3174-11 

254-f- 18 2164-15b 
2834-15 a 2794-13 a 
2764-13 a 2664-11 b 

1094-26 1084-37 3464-23 3444-26 3394-30 
774-18 954-16 3704-19 3264-35 3114-21 
874-15 1004-16 3574-15 333:J:15 3214-18 

a p < 0.05 Comparisons with initial values 
b p < 0.01 

Discussion 

The baseline findings in our coronary patients 
showed a high frequency of carbohydrate and insulin 
abnormalities in those with endogenous hypertrigly- 
eeridemia. Also, the mean insulin concentration during 
a 3-h glucose tolerance test was significantly greater 
in the mixed group as compared to the group with 
Type IX hyperlipidemia. These initial studies suggested 
that  possibly glucose and insulin abnormalities had a 
close relationship to the hypertriglyceridemia in at 
least some patients in the mixed group. 

To further s tudy this relationship, at tempts were 
made to lower insulin levels to see what effect this had 
on serum lipids. This was accomplished alone or in 
combination, by  phenformin, a simple sugar restricted 
diet, loss of weight, and possibly other factors. A re- 
duction of insulin concentration in the endogenous 
hypertriglyeeridemie group was associated with a 
decrease in cholesterol and triglyeeride levels. In 
contrast, those individuals with Type I I  hyperlipid- 
emia showed little or no response to therapeutic 
manipulation. Although a minor decrease in insulin 
concentration occurred in the Type I I  group, the 
cholesterol and triglyceride levels were basically un- 
changed. 

Although associated metabolic abnormalities do 
not imply causal relationships between them, our data 

other investigators have emphasized the key role of 
insulin in hypertriglyceridemia under various situa- 
tions in which insulin levels are increased such as 
obesity, mild diabetes, and the taking of oral contra- 
ceptives [22, 23, 24, 25]. On the other hand, Glueek 
and co-workers [26] found no correlation between 
hypertriglyeeridemia and insulin levels in familial 
Type IV hyperlipidemia. The reasons for these differ- 
ences are not readily apparent. Insulin responses are 
quite variable among individuals and are influenced by 
body weight, the degree of glucose intolerance, diet, 
activity, and many other factors. Much of the experi- 
mental data dealing with insulin and triglyceride inter- 
relationships have been recently reviewed by  Nikkila 
[27]. 

I t  is likely that  other mechanisms play important  
roles in endogenous hypertriglyceridemia. Hepatic con- 
version of free fa t ty  acids (FFA) liberated from adipose 
tissue by a variety of stimuli [28] and transformation 
of exogenous triglyceride by the liver [29] are other 
sources of increased endogenous triglycerides. The 
severe insulin deficient diabetic, for example, may 
mobilize FFA in excess of the liver's capacity to 
oxidize them, and therefore, have endogenous hyper- 
triglyeeridemia. Since the subjects chosen for this s tudy 
did not have exogenous hypertriglyceridemia, were not 
severely diabetic, and generally had a normal FFA 
response to a glucose load [30] these mechanisms of 
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endogenous hyper t r ig lyce r idemia  do no t  seem to be 
ma jo r  ones. Our  d a t a  suggest  t h a t  high insulin levels 
p l ay  a ma jo r  role in endogenous hype r t r ig lyee r idemia  
wi th  or  w i thou t  hypereholes tero lemia ,  b u t  no t  in 
Type  I I  hyper l ip idemia .  
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