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Summary. We have measured the turnover of very low density 
lipoprotein (VLDL) triglyceride as well as plasma glucose, in- 
sulin and non-esterified fatty acid levels in nine mildly obese 
non-ketotic, insulinopenic diabetic subjects before and during 
an energy restricted diet. During the baseline period, subjects 
were hypertriglyceridaemic, hyperglycaemic and insulinopen- 
ic. During dietary restriction (mean weight loss: 2.3 + 0.4 kg) 
plasma triglyceride fell from 8.4 + 3.0 to 3.4 + 0.89 mmol/1 
(mean _+ SEM; p < 0.05), and plasma glucose fell from 13.9 
+_ 1.7 to 9.8 + 1.4 mmol/1 (p < 0.01). Neither fasting plasma 
insulin nor the insulin response to an oral glucose load 
changed. Plasma non-esterified fatty acid concentrations re- 
mained constant as well. During the baseline period, the 
transport rate of VLDL-triglyceride in the diabetic subjects 
was more than twice that in an age-weighted matched control 

group (27.4 + 2.9 versus 12.1 + 0.8 mg/kg ideal body weight 
per h). The fractional catabolic rates were similar in the two 
groups (0.20 + 0.05 versus 0.21 _+ 0.02/h). During energy re- 
striction of the diabetic subjects, the VLDL-triglyceride trans- 
port rate fell to 17.4 _+ 2.9 mg/kg ideal body weight per h 
(p < 0.05 versus baseline) while the fractional catabolic rate 
remained constant at 0.21 _+ 0.06/h (NS versus baseline). 
These data indicate that the major abnormality in triglyceride 
metabolism in these non-ketotic, insulinopenic diabetic pa- 
tients was over-production of VLDL-triglyceride. 
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An increased level o f  very low density l ipoprotein 
(VLDL)-triglyceride is the most  c o m m o n  lipid abnor-  
mali ty associated with diabetes mellitus [1-3]. The aeti- 
ology of  the hyper t r ig lycerdaemia of  diabetes, a l though 
well studied, is still debated.  Animal  models  of  diabetes, 
studied by  either in vivo [4-6] or in vitro methods  [7-9] 
have generally led investigators to conclude that  chron- 
ic, severe insulin deficiency is associated with decreased 
VLDL-triglyceride synthesis and secretion, and that  
hyper t r iglycer idaemia in these animals  results f rom a 
defect  in p la sma  VLDL-triglyceride removal.  Studies in 
h u m a n  hypertr iglycer idaemic diabetic patients,  on the 
other  hand,  have p roduced  results support ing both  de- 
fective removal  f rom [10-12] and increased secretion of  
VLDL-tr iglyceride into p lasma  [13-15] as the major  
aetiological abnormali t ies  in these patients. In previous 
studies using animal  models ,  the durat ion of  insulin de- 
privat ion appeared  to be a significant factor  in the regu- 
lation of  triglyceride produc t ion  [5, 16], while in h u m a n  
studies, compar i son  of  diabetic patients with widely dif- 
fering insulin secretory capacities has contr ibuted to the 
heterogeneous results [12-15]. 

The present  study was carried out to examine the 
r61e of  overproduct ion  and reduced catabol ism in a 
group  of  well defined, non-ketotic,  insulin-deficient 
diabetic patients. Turnover  rates of  VLDL-triglyceride 
were est imated during periods of  weight maintenance  
and dietary restriction; the t ransport  of  triglyceride in 
V L D L  was est imated by mul t i -compar tmenta l  analysis 
o f  specific activity curves of  VLDL-triglyceride follow- 
ing injection of  3H-glycerol. 

Subjects and Methods 

All studies were performed on inpatients in the Special Diagnostic 
and Treatment Unit of the V.A. Medical Center or in the General 
Clinical Research Center at the University Hospital, San Diego, Cali- 
fornia. Clinical characteristics of the patients upon admission are pre- 
sented in Table 1. All patients had a history of ketosis-resistant dia- 
betes mellitus for several years and had been treated with either insu- 
lin or oral hypoglycaemic agents at some time previously. However, 
no patient had received insulin during the previous 6 months, and oral 
hypoglycaemic agents were discontinued at least 4 weeks before the 
study. Similarly, any hypolipidaemic agents were discontinued at 
least 4 weeks before the studies began. None of the patients had other 
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T a b l e  1. Clinical characteristics of subject studied 

Patient Sex Age Percentage Plasma(mmol/1) 
(years) ideal body 

weight a Glucose a Trigly- Chole- 
ceride b sterol b 

1 M 52 1.19 16.6 3.0 7.1 
2 F 49 1.10 21.7 20.7 11.5 
3 F 50 1.16 17.7 4.2 6.9 
4 M 45 1.23 14.9 24.7 17.6 
5 M 49 1.22 13.8 16.0 9.5 
6 M 65 1.19 7.1 5.3 6.0 
7 M 56 1.20 15.3 5.6 7.2 
8 M 63 1.15 13.4 3.6 5.6 
9 M 56 1.10 9.7 4.0 8.3 

a Based on Metropolitan Life Insurance tables 
b Fasting plasma concentration on admission to the metabolic ward 

T a b l e  2. Effects of energy-restricted diet on weight and plasma lipids 

Patient Weight Plasma triglycerides Plasma cholesterol 
change (mmol/1) mmol/1 

(kg) Baseline Energy Baseline Energy 
restriction restriction 

I 1.2 1.8 1.6 6.8 6.5 
2 1.5 30.3 8.4 13.4 7.1 
3 3.0 4.1 2.2 6.2 6.5 
4 2.4 14.7 7.5 8.7 8.2 
5 4.3 5.9 2 . 4 .  5.8 3.3 
6 3.5 4.1 1.3 6.0 6.1 
7 1.8 5.3 2.2 6.6 4.9 
8 1.5 3.7 1.4 4.9 4.4 
9 1.7 5.6 3.2 8.9 8.4 

Mean _ 

S E M  2.3 + 0.4 8.4 + 3.0 3.4 + 0.89 7.5 + 0.86 6.2 ___ 0.57 
p < 0.05 NS 

All patients had a decrease in weight; NS = not significant 

diseases that might affect carbohydrate or lipid metabolism (i. e., other 
endocrinopathy, renal failure or liver disease). Any antihypertensive 
agents or beta-blocking drugs in use were continued throughout all 
phases of the study. 

After admission, patients were started on an isocaloric (30-35 
kcal/kg) liquid formula diet containing 15% protein, 45% carbohy- 
drate, and 40% fat in the form of lard. The ratio of polyunsaturated to 
saturated fat (as percentage of total calories) was 0.4. Cholesterol in- 
take ranged from 150 to 200 mg/day. This diet continued for 5-7 days 
while fasting blood was obtained daily for measurement of plasma 
glucose and lipid levels. On the last baseline day, each subject re- 
ceived a 75 g oral glucose load with blood sampling at fasting and 30, 
60, 90, 120 and 180 rain. These samples were used to measure plasma 
glucose, insulin and non-esterified free fatty acids (NEFA). Measure- 
ment of VLDL-triglyceride turnover was then carried out (see below). 

Completion of this study marked the end of the baseline period 
and patients were then started on a 600 kcal liquid formula diet with 
the same proportions of carbohydrate, fat and protein as those con- 
sumed during the baseline period. This second period, carried out 
with all subjects still in hospital, lasted 7-10 days with the duration 
determined in part by response of plasma glucose and lipid levels and 
also by weight change. The goal was to achieve significant decreases 
in the plasma triglyceride level before significant weight loss had oc- 
curred. Blood samples were obtained as in the baseline period, and a 

second study of VLDL-triglyceride turnover was performed at the end 
of the period of dietary restriction. 

Turnover of VLDL-triglyceride was measured according to the 
protocol of Grundy et al. [17]. Patients were fed every 3 h using a li- 
quid formula consisting of 75% carbohydrate and 25% protein and 
providing a daily caloric intake equal to 60% of their baseline period 
diet. This diet was chosen because fasting for 48 h would certainly 
change VLDL-triglyceride secretion rates, while a fat-free 100% ca- 
lorie diet (necessary to eliminate intermittent entry of dietary triglyc- 
eride into plasma) would probably stimulate VLDL production. The 
present regimen has been shown to maintain the plasma VLDL-tri- 
glyceride concentration at its pre-existing level for the duration of the 
turnover study. Analysis of the specific radioactivity data was per- 
formed by the method of Zech et al. [18]. VLDL-triglyceride secretion 
rate (equal to turnover at steady state) was expressed as mg/kg ideal 
body weight per h. 

Plasma triglyceride and cholesterol and VLDL-triglyceride were 
measured on a Technicon AAII autoanalyzer [19]. Plasma glucose 
was measured by glucose oxidase method on a Beckman glucose ana- 
lyzer. Plasma insulin was measured by single antibody technique [20]. 
This assay was sensitive to 2 mU/1 with an interassay coefficient of 
variation of 11%. NEFA levels were determined by the method of No- 
ma et al. [21]. Statistical analyses were performed using Student's t-test 
for paired and unpaired data. 

Results 

Table 2 depicts effects of hypocaloric feeding on body 
weight and plasma lipids; the latter are values obtained 
on the last day of each diet period. Weight loss ranged 
from 1.2 to 4.3 kg (mean 2.3 kg). Baseline plasma tri- 
glyceride averaged 8.4 _+ 3.0 mmol/1 (mean _+ SEM). 
Triglyceride levels dropped in eight of nine patients 
with a final value of 3.4 _+ 0.89 mmol/1. The change in 
total plasma cholesterol was insignificant (7.5 + 0.86 to 
6.1 _ 0.57 mmol/1). 

The effects of dietary restriction on plasma glucose, 
insulin and NEFA levels on the final day of each period 
are presented in Table 3. Fasting glucose fell in eight of 
nine patients. No pattern of change was observed in the 
fasting plasma insulin between the two periods, and 
mean values for NEFA were unchanged. However, in 
some patients, NEFA concentrations increased with re- 
duced intake of calories, while in others they decreased. 

Plasma glucose and insulin responses to an oral glu- 
cose load (calculated as the area under the curve above 
baseline), were determined in eight diabetic patients; 
the test was performed at the end of each period. While 
the glucose response decreased significantly on hypo- 
caloric intake, mean plasma insulin responses were un- 
changed (17.2 ___ 1.0 versus 19.0 ___ 1.5 m U .  min - t  �9 1-1). 
In addition, comparison of insulin responses of the di- 
abetic patients with those of ten weight- and age- 
matched non-diabetic normal subjects clearly showed 
that the diabetic patients were insulinopenic during 
both study periods. 

Table 4 presents data on the metabolism and kinet- 
ics of VLDL-triglyceride in the diabetic patients and in 
27 normo-triglyceridaemic subjects. All but one of the 
diabetic patients had elevated VLDL-triglyceride 
(2.3 mmol/1) during the baseline period of weight main- 
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Table 3. Effects of energy-restricted diet on plasma glucose insulin and non-esterified fatty acid levels (NEFA) ~ 
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Patient Glucose (mmol/1) Insulin (mU/1) NEFA (p~mol/1) 

Baseline Energy Baseline Energy Baseline 
restriction restriction 

Energy 
restriction 

1 16.5 12.8 2 8 460 640 
2 23.2 19.7 2 2 840 1010 
3 18.9 10.3 16 8 940 1160 
4 13.4 9.3 15 12 ND ND 
5 10.1 6.3 8 6 1170 770 
6 7.4 6.3 7 2 350 440 
7 15.5 8.3 9 11 470 330 
8 12.1 7,2 12 12 210 150 
9 7.9 7.8 6 5 ND ND 

Mean _+ SEM 13.9 __ 1.7 9.8 _+ 1.4 8.6 + 1.7 7.3 _+ 1.3 634 _+ 133 637 _+ 140 
p < 0.01 NS NS 

a Fasting plasma values obtained at the end of the baseline period of weight-maintenance and at the end of energy restriction. 
ND = not done; NS - not significant 

Table 4. Effects of energy-restricted diet on VLDL-triglyceride metabolism 

Patient VLDL-triglyceride (mmol/1) Fractional catabolic rate (h -a) Transport rates 
(mg/kg ideal body weight per h) 

Baseline Energy Baseline Energy Baseline Energy 
restriction restriction restriction 

1 1.6 1:6 0.49 0.51 31.4 33.1 
2 27.7 a 6.6 0.09 - 23.8 
3 3.2 2.1 0.32 0.23 43.7 19.4 
4 13.4 4.6 0.03 0.08 19.6 16.2 
5 5.3 t.4 0.14 0.09 28.6 4.4 
6 3.5 1.1 0.16 0.50 23.2 22.8 
7 5.1 1.3 0.12 0.25 26.1 13.9 
8 3.3 1.0 0.21 0.18 29.5 7.8 
9 4.9 2.8 0.09 0.14 17.4 15.5 

Mean _+ SEM 7.5 + 2.8 2.5 + 0.63 0.20 _+ 0.05 0.21 + 0.06 27.4 + 2.9 17.4 _+ 2.9 
p < 0.05 NS p < 0.05 

Normal Subjects (n = 27) 
Mean _+ SEM 1.5 ___ 0.24 0.21 + 0.02 12.1 _+ 0.8 

a Baseline study invalid due to large contamination of VLDL by chylomicra. 
VLDL-triglyceride concentration is a single value at start of turnover study; chylomicra removed by ultracentrifugation before isolation of VLDL. 
NS = not significant 

tenance. The mean transport rate for VLDL-triglyceride 
in the diabetic patients was over twice the normal 
means. This indicates that most of  the diabetic patients 
had an increased synthesis of VLDL-triglyceride. For 
the 27 normal subjects, transport rates ranged up to 
20 mg/kg ideal body weight per h without development 
of hypertriglyceridaemia (VLDL-triglyceride up to 
2.3 mmol/1). These values can therefore be called the 
upper limits of the normal range. In most diabetic pa- 
tients, the increased concentration of VLDL-triglycer- 
ide appeared to be due mainly to enhanced synthesis 
rates. Indeed, one patient [1] had marked overproduc- 
tion, but because of a high fractional catabolic rate, his 
concentration of VLDL-triglyceride remained normal. 

In contrast to synthetic rates, the mean fractional 
catabolic rates for control subjects and diabetic patients 

were essentially the same. However, two patients (4 and 
9) had marked hypertriglyceridaemia without distinct 
overproduction. They thus appeared to have a defect in 
clearance of VLDL-triglyceride, as revealed by their low 
fractional catabolic rates (0.03 and 0.09 per h, respec- 
tively). Patient 2, who had the highest baseline VLDL- 
triglyceride level, had a markedly reduced fractional 
catabolic rate (0.9 per h) and an elevated synthetic rate 
during dietary restriction. Unfortunately, the baseline 
study in this subject was invalid because of the marked 
lipaemia and contamination of the VLDL by chylomi- 
cra. Three other patients (5-7) had fractional catabolic 
rates below the mean of the control group, but their 
slightly low values may have been the result of an ex- 
cess synthesis with partial saturation of removal mech- 
anisms. 
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During dietary restriction, concentrations of VLDL- 
triglyceride were reduced in eight of nine patients. In all 
but three, levels fell below 2.3 mmol/1. The individual 
responses to caloric restriction were variable. Four pa- 
tients (3, 5, 7 and 8) had striking reductions in transport 
rates of VLDL-triglyceride that contributed significant- 
ly to the reduction in triglyceride concentrations. The 
remaining four patients had little or no change in trans- 
port rates, and in patients 4, 6 and 9, reductions in plas- 
ma VLDL-triglyceride appeared to be related mainly to 
an increase in clearance. 

Discussion 

Most of the diabetic patients in this study had hyper- 
triglyceridaemia in the baseline state. The major cause 
appearing to be an overproduction of VLDL-triglycer- 
ide. This finding is in accordance with observations re- 
ported previously by other workers. For example, Nik- 
kila and Kekki [13] and Nikkila et al. [14] estimated 
turnover of plasma triglyceride in untreated, non-ketot- 
ic diabetic patients using single exponential analysis of 
specific activity curves following injection of 3H-glycer- 
ol. In our view, the accuracy of this method can be ques- 
tioned [18], but they nevertheless found a moderate in- 
crease in turnover rates. Greenfield et al. [15], using the 
same method, found similar results in non-ketosis-pro- 
ne diabetic patients. The present results obtained with 
multicompartmental analysis of VLDL-triglyceride add 
strong support to the concept that the primary cause of 
hyertriglyceridaemia in non-ketotic diabetic patients is 
excessive production of VLDL-triglyceride. We have 
made similar observations in a group studied before 
and after treatment of insulin ]22]. 

However, despite these findings, there has not been 
universal agreement that elevated plasma triglyceride in 
non-ketotic diabetic patients is due mainly to overpro- 
duction. For instance, Kissebah et al. [11] using single 
exponential analysis of triglyceride kinetics, claimed 
that defective clearance of plasma triglyceride occurs in 
non-obese diabetic subjects with hypertriglyceridaemia. 
Also, Brunzell et al. [23] determined removal rates for 
plasma triglyceride during constant infusion of heparin 
in diabetic patients with elevated plasma triglyceride 
levels, and their results were consistent with a catabolic 
defect for plasma triglyceride. Furthermore, Brunzell et 
al. [24] have shown that insulin-deficient diabetic pa- 
tients have abnormalities in lipoprotein lipase that 
might also impart a defect in clearance of triglyceride- 
rich lipoproteins. 

The results of our study do not provide support for a 
primary clearance defect in insulin-deficient, non-ketot- 
ic diabetic subjects. The mean fractional catabolic rate 
for VLDL-triglyceride in our diabetic patients was not 
significantly lower than that in normotriglyceridaemic 
control subjects. Two or three diabetic patients had un- 
usually low fractional catabolic rates which undoubted- 

ly contributed to their hyperglyceridaemia. However, it 
must be asked whether these hypertriglyceridaemic sub- 
jects were selected because of a coexistent genetic hy- 
perlipidaemia. Brunzell et al. [25] have made the import- 
ant observation that some diabetic patients also have an 
underlying primary hyperlipidaemia, and our few pa- 
tients with a low fractional catabolic rate may have fall- 
en into this category. 

If increased synthesis of VLDL-triglyceride is the 
primary cause of hypertriglyceridaemia in non-ketotic 
diabetics, we might inquire into the contributing factors. 
One possible cause is obesity. Non-ketotic diabetic sub- 
jects often are obese and obesity usually stimulates syn- 
thesis of VLDL-triglyceride. However, most of our pa- 
tients were < 120% of ideal weight, and thus it is un- 
likely that obesity played a major role. Still, similar me- 
chanisms may hold for many diabetic patients. For ex- 
ample, poorly controlled diabetic subjects must ingest 
increased calories to maintain their weight in the face of 
significant glucosuria. While these excess calories in di- 
abetic patients may be wasted, they nevertheless pass 
through the liver and gut and could promote produc- 
tion of VLDL-triglyceride. Also, the continuous hyper- 
glycaemia of diabetics could stimulate a 'carbohydrate- 
induced' hypertriglyceridaemia. Finally, a high level of 
NEFA, such as occurs in diabetes as well as in obesity, 
could provide the liver with excess substrate for tri- 
glyceride synthesis. 

It was interesting to observe the influence of re- 
duced intake of calories on metabolism of triglyceride 
in our patients. Almost all the patients had a decrease in 
triglyceride concentrations, as observed in non-diabetic 
subjects [26-28]. However, this effect was not uniformly 
the result of a reduction in synthesis of VLDL-triglycer- 
ide. The reasons for a failure to achieve a uniform de- 
crease in synthesis rates are not clear, but results ob- 
tained for fasting plasma glucose and NEFA may pro- 
vide a clue. Several exampes might be cited. Patient 1 
had no change in VLDL-triglyceride transport, and this 
lack of change may have been related to the rise in 
NEFA levels in this patient during dietary restriction. 
The presence of little change in either NEFA or glucose 
in patient 6 might also account for the lack of change in 
VLDL-triglyceride transport. On the other hand, pa- 
tients 5, 7 and 8 each had a marked drop in both glucose 
and NEFA and synthetic rates of VLDL-triglyceride 
fell dramatically in all three. Although these compari- 
sons are limited, they nevertheless suggest that the re- 
sponse in synthesis of  VLDL-triglyceride can be de- 
pendent on the metabolic status of the precursors (i. e., 
glucose and NEFA levels). 

A fall in production of VLDL-triglyceride with die- 
tary restriction can be understood on the basis of cur- 
rent concepts. With reduced intake of calories, the total 
delivery of energy substrates to the liver during each 
24-h period should be reduced. This, in turn, should de- 
crease triglyceride synthesis. The case for an increase in 
clearance in some of the subjects during dietary restric- 
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tion is not so easily explained. One possibility is that the 
increase in fractional catabolic rate was not due to en- 
hanced clearance capacity, but instead was the result of 
a decreased 'saturation' of removal mechanisms by 
small reductions of triglyceride production. This me- 
chanism could account for the apparent increase in 
clearance noted in patients 4 and 9 who may have had a 
concomitant primary hyperlipidaemia. The possibility 
that reduced intake of calories may actually enhance 
removal capacity must be considered, but a mechanism 
for such an action has not been demonstrated. 

In summary, these studies indicate that the primary 
cause of  hypertriglyceridaemia in patients with non-ke- 
totic, insulin-deficient diabetes is an overproduction of 
VLDL-triglyceride. In most patients, this overproduc- 
tion, when it was not coupled with a removal defect, 
usually caused a rise in total triglyceride to the range of 
2.8 to 5.6 mmol/l. A few patients, such as 2 and 4, had a 
plasma triglyceride in the range of 11.3-22.6 mmol/1. 
These patients probably had at least mild overproduc- 
tion of VLDL-triglyceride secondary to their diabetes, 
but they seemingly had a concomitant clearance defect. 
In all likelihood, the latter abnormality was secondary 
to a primary hyperlipidaemia [25]. While dietary restric- 
tion seemingly corrected the 'overproduction defect' in 
most diabetic patients, the abnormality in clearance 
noted in a few patients was not adequately corrected by 
dietary restriction and they remained hypertriglyceri- 
aemic. 
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