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Serum Lipoid Level in Diabetic Children
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The view according to which trans-
portation is the only function of
plasma lipoids has considerably been
modified in recent years [3, 9]. It is
with proteins, their special vehicles,
that lipoids are transported; these
proteins have well defined structures,
as shown by the sequence of their
amino acids, among others. The lipoid
part is composed of free cholesterol,
cholesterol ester, phospholipids, tri-
glyceride and non-esterified fatty acid.
Ultracentrifugation yields fractions of
high (S0 4, S4 2)), and of low (S/o_ 12,
Sti2-24. S/ 20-200 density, further
chylomicra [2]. A decrease in specific
weight goes parallel with an increase
in the proportion of triglyceride and
a decrease in that of proteins and
phospholipids. The fact the turn-
over rate of the various lipopro-
tein fractions is different in the course
of metabolism shows that it is justi-
fied to regard lipoproteins as both
functional and transport substances.

It follows that the quantitative
estimation of a single lipoid compo-
nent such as cholesterol or triglyceride
does not yield information about
changes in lipoid metabolism, a fact
that considerably affects the diagnos-

tic value of quantitative serum lipoid
determinations in pathologic condi-
tions.

The most important biochemical
defect of diabetes mellitus is known
to be connected with the transport
and utilization of lipoids and glucose.
Reports on the changes of the serum
lipoid components in diabetics are con-
tradictory. While Jostin et al. [7]
registered high triglyceride concentra-
tions in 34 cases of grave diabetes,
and Kaye [1] found in
juvenile diabetics normal total lipoid,
total esterified fatty acid and trigly-
ceride concentrations with a high
cholesterol level. Such contradic-
tions will be better understood if
analysed against the background of
changes occurring in the lipoprotein
fractions. S/12 s00» the lipoprotein
fraction with the lowest specific
density increases significantly in dia-
betes, whereas the fraction S/ 0 12
undergoes no change; administration
of insulin normalizes the low specific
density fraction.

The present study had the purpose
to observe correlations between the
guantitative changes of the various
serum lipoids in diabetic children,
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Table |

Total, esterified, and free cholesterol as well as lipid phosphorus and triglyceride levels
in the plasma of fasting normal and diabetic children

Cholesterol,
my/100 ml
Total Ester
Diabetic
mean 2453 189.3
S. E. +3.6 +5.6
n (81) (78)
Control
mean 180.3 125.9
S. E. +1.3 +2.5
n (47) 47)
Ratio
Diabetic 13 13
Control

further, to establish whether the
plasma triglyceride, cholesterol ester
and phospholipids could be regarded
as indicators of chylomicra and of the
lipoprotein fractions of low and high
density.

Material and Metho d

The material of this study consisted
of 20 diabetic children aged between 4
and 15 years; they were partly in and
partly outpatients and were clinically well
controlled. Each patient was repeatedly
examined. In two cases the diabetes
had developed shortly before admission.
Pasting blood sampleswere taken beforein-
sulin administration. Jkzern'iczky’s meth-
od [6] was used for the determination of
total esterified cholesterol, a modified ver-
sion of McDonald and Hall’s procedure
[9] for that of phospholipids, and that of
Verheyden and Nys [12] for plasma total
esterified fatty acid. Although we deter-
mined practically the total lipoid-ester
bonds by the last named method, it is

Lipid Tyigiveerice
s,
oo TG
Free

65.4 215.7 0.61
+2.1 +8.8  +0.15
(69) (79) (69)
55.2 194.7 0.59
+5.6 +7.8 +0.06
(47 (36) (35)
12 1.1 10

possible to compute gravimetrically tind’
amount of fatty acid which is bound to
phospholipids and cholesterol. By deduct-
ing this value from that of the total
esterified fatty acid we obtain the amount
of triglyceride, provided the amount of
mono- and diglyeeride is negligible. The
following formula was used for this com-

putation. Triglyceride (mEqg/l) = TEFA
CH
(mEq/1) -
39.65 38.6
where TEFA = total esterified fatty acid
P = inorganic phosphorus in
phospholipid (mg/litre)
CH = cholesterol (mg/litre)
P
= fatty acid contained in
39.65 phospholipid (mEg/litre)
CH . . .
= fatty acid contained in
38.6 cholesterol ester

(mEq/litre).

Blood sugar whs determined from capillary
blood by the Hagedorn—Jensen method.
Statistical significance was computed by
Student’s t method.
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Results

Values for lipoid in the blood of
controlled diabetics and healthy con-
trols of the corresponding age groups
are listed in Table 1. It was the choles-
terol level (and, within it, that of
cholesterol ester) which showed the
most striking increase in diabetic
children. Triglyceride concentration
was practically unchanged, although
the scattering was wide.

Depending on the insulin dose and
the condition of the patients, the
fasting blood sugar varied from 150
to 450 mg per 100 ml. Since the varia-
tions covered a wide range, and a large
number of determinations was per-
formed, it was possible to subject to
statistical analysis the correlation
between the fasting blood sugar level
and that of the serum total lipoids.
Increase in the blood sugar level and
in that of the total lipoids showed a
parallel course (Fig. 1). This correla-
tion was, however, notsignificant, as
shown by the wide scattering of the
regression coefficient. There was, on
the other hand, a statistically signif-

100 200
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Fig. 1. Serum total lipoid levelin diabetic
children, in the function of the fasting
blood sugar level

icant correlation between the changes
in the fasting blood sugar level and
those in the concentration of free
cholesterol (Fig. 2). This was in contra-
diction to the assumption that an
increase in total lipoid concentration
is chiefly due to the increased level
of cholesterol ester. There seemed, on
the other hand, no regular correlation
to exist between the blood sugar and
cholesterol ester levels or between
those of blood sugar and phospho-
lipids (Figs. 3, 4). It may be that the

300

BLOOD GLUCOSE mg/100ml

Fig.2. Serum free cholesterol level in diabetic children, in relation to the blood sugar level
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Fm. 3. Serum phospholipid and fasting blood sugar levels in diabetic children

Fm. 4. Serum cholesterol ester and fasting blood sugar levels in diabetic children

increased cholesterol production of
insulin-treated childrenis accompanied
by a change in the interproportion
of cholesterol ester and free choles-
terol. This possibility seems to be sup-
ported by Fig. 5a—b where the
cholesterol ester and free cholesterol
values are shown as functions of the
total cholesterol concentration. The
regression line of cholesterol ester and
that of free cholesterol ran practically
parallel in the controls, whereas no
such parallelism was seen in diabetics
in whom the increase in the total

cholesterol level was accompanied by
a lesser elevation of the free choles-
terol level than of that of cholesterol
ester. Comparison of the regression
coefficients showed that, as regards
cholesterol ester, there was no signif-
icant difference between controls and
diabetics, whereas the difference be-
tween the regression coefficients of
total and free cholesterolwas signif-
icant statistically.

Relying on the evidence of these
observations we divided the diabetic
children into three groups according
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Fig. 5a. Serum total cholesterol and cholesterol ester (black circles) and free cholesterol
(empty circles) levels in control children. Ya = cholesterol ester, Yb = free
cholesterol

Fig. 5b. Serum total cholesterol and cholesterol ester (black circles) and free choiester®

(empty circles) levels in diabetic children. Ya =

cholesterol ester, Yb = free

cholesterol

to their total cholesterol level. The
first group consisted of patients with
a total cholesterol concentration of
150 to 200 mg per 100 ml, the second
of those with one of 200 to 250, the
third of those with one of more than
250 mg per 100 ml. The controls were
not divided into separate groups.
This distribution of the patients left
the possibility open for any given
individual to belong to more than one
group on the evidence of periodic
examinations.

Next, we examined the controls
and the three diabetic groups for the
correlation between the respective
serum triglyceride and cholesterol
ester levels (Fig. 6). The serum triglyc-
eride level was found to vary directly
with the increase in the concentration
of esterified cholesterol, a phenome-
non observed in the controls and the
diabetic groups alike. It is evident
from Table 11 that any increase in the
total cholesterol level went hand in
hand with an increase in the choies

Table Il

Fasting plasma cholesterol ester and triglyceride levels in control and in the three
different groups of diabetic children

Control
Cholesterol ester mEq/1 4.55
Triglyceride mEq/1 5.88

Group A Group B Group C

total cholesterol, mg per 100 ml

150-200 200-250 250
4.65 5.29 6.29
4.52 6.67 8.08
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1 2 3 4 5 6 7 8
CHOLESTEROL ESTER mEq/I

Fig. 6. Serum triglyceride level in

terol ester and triglyceride levels. It
is, therefore, clear that, as compared
with the healthy controls, the cor-
relation between triglyceride and chol-
esterol remains unchanged in the
serum of well-controlled diabetic chil-
dren.

The situation was different as re-
gards the serum concentrations of
cholesterol ester and phospholipids.
Fig. 7 shows that these were inversely

J. Jezerniczky, J. Ambro: Serum Lipoid in Diabetics

| 1 | | | |

T3 45678
CHOLESTEROL ESTER mEq/I

CHOLESTEROL ESTER mEq/l

function of the cholesterol ester level

related in the controls: an increase in
the cholesterol ester level was associ-
ated with a decrease in the phospho-
lipid level. The interproportion of
these compounds showed a notable
change in diabetics inasmuch as the
increase of the cholesterol ester level
was accompanied by an increase of
the phospholipid level in the first
diabetic group. This correlation was,
however, not significant statistically,
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Y- 200 +0X)9x
b -0.0920121
P<0.5

-X-
1 2 3 45 6 7 8 9
CHOLESTEROL ESTER mEq/I
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a)

;
4

Y-0.427+0.629 X
b -0.42710422

P<05

TOTAL CHOLESTEROL:
150-200 mg/100ml

1 2 3 456 7 8 9 10
CHOLESTEROL ESTER mEQA

Fig. 7. Serum phospholipid and cholesterol ester levels in control and diabetic children

since the correlation became less
pronounced with the elevation of the
cholesterol ester level.

Discussion

Earlier literary data have made it
clear that the lipoprotein fraction
S/ 20-40 increases in the blood of
diabetics [11]. In human blood, the
lipoproteins of low density constitute
an intensively dynamic system whose
principal function consists in the
transportation of triglyceride be-
tween the liver and the fat stores. It is
in the liver that triglyceride is linked
with the lipoprotein fraction SjQ 12
transforming it into lipoprotein

S/20- 400’ i-€.a fraction rich in triglyc-
eride is split offfrom the compound
by lipoprotein lipase in the fat stores
so that it changes back into S/0 12
[3].

Liberation and outflow of non-
esterified fatty acid is considerably
enhanced in diabetes [13, 14, 15]. The
rate of liberation is a function of ac-
celerated triglyceride lipolysis [3, 5].
This rate is considerably diminished
by insulin and glucose; insulin pro-
motes the utilization of glucose and
impedes the liberation of non-esteri-
fied fatty acid. It is obvious that, in
these circumstances, lipoids do not
or do hardly pass into the adipose
tissue of diabetics from the lipoprotein
fraction S/ ro-s00>a foot that in itself
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suffices to explain the increased
Sf 20—400 lipoprotein concentration in
diabetic patients.

It is commonly known that lipoids
are accumulating in the diabetic liver,
a phenomenon due to the increased
mobilization of non-esterified fatty
acids in the fat depots. In the liver
of fasting subjects and of diabetics,
the major part of active acetate is
provided by the breakdown of fatty
acids. The access of active acetate to
the citrate cycle is considerably di-
minished in the diabetic liver [4],
while 509% more than the normal
amount of hydroxymethyl-glutaryl
coenzyme A is formed [16]. The signif-
icance of this coenzyme was pointed
out by Lynen et al. [8] who demon-
strated that the acid arising from this
metabolite under the effect of a
specific reductase represents the pre-
cursor of cholesterol synthesis.

These data confirm our observa-
tions that in diabetic children the in-
creased cholesterol concentration is a
sign of an increased activity of the
hydroxymethyl-glutaryl-CoA cycle.
Since an increase of the esterified
cholesterol level is accompanied by a
relative decrease ofthe free cholesterol
level (Fig. 5b), increase in the concen-
tration of non-esterified fatty acids
might enhance the esterification of
cholesterol in the liver.

An increase in the concentration
of serum cholesterol does not, in itself
yield information about the manner
in which the plasma lipoprotein frac-
tions undergo changes in either con-
trolled or non-controlled diabetes. In
these fractions phospholipids are the

Serum Lipoid in Diabetics

main component of high-density lipo-
proteins, while triglyceride is the
main component of the low-density
fraction Sf 20- s00- Cholesterol ester
and free cholesterol occur in all lipo-
protein fractions; they account for
approximately 30 %of the total lipoids
in the high-density fractions as also
in the fractions S/0 12 and S/i:- 0>
while only 15% in the fraction
Sf 20- 400- Comparison between the
serum cholesterol ester and triglycer-
ide levels as well as between those of
cholesterol ester and phospholipids in
normal children are in harmony with
this observation, since higher concen-
trations of cholesterol ester were al-
ways accompanied by higher triglyc-
eride levels. The regression coefficient
is but slightly significant in this con-
nection; this might be due to that
the proportion of triglyceride increases
and that of cholesterol ester decreases
with the diminution of specific weight.
A high cholesterol ester level is ac-
companied by a low phospholipid
level in normal children. This correla-
tion is significant statistically and
points to the fact that an increase in
the low-density lipoprotein fraction is
mainly responsible for the elevation
of the cholesterol ester level and the
simultaneous decrease in the propor-
tion of the high-density phospholipid-
rich lipoprotein fraction. There is a
similar correlation between the serum
cholesterol ester and triglyceride levels
in diabetic children; the correlation is
always strongly significant. There is,
on the other hand, no correlation be-
tween the respective concentration of
cholesterol ester and phospholipids.
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Our observations are in harmony
with the findings of other authors in
that it is the lipoprotein fraction
Sf 20400 Which increases in insulin-
treated diabetic children. Our results
have moreover shown that the com-
position of this fraction may change.
Enhanced cholesterol synthesis is as-
sociated with an increase in the chol-
esterol contents of the lipoprotein
fraction of the lowest density, a phe-
nomenon confirmed by the figures in
Table 1.

It seems justified to suppose that
a change occurs also in the composi-
tion of the lipoproteins of high den-
sity. The present investigations have
moreover proved that the fasting
blood sugar value alone affords no
reliable information concerning the
fat metabolism of children treated
with insulin.

Summary

(1) The serum total lipoid level is
slightly increased in fasting insulin-
treated diabetic children, a phenom-
enon for which cholesterol is respon-
sible.

(2) There is asignificant correlation
between the free cholesterol and the
fasting blood sugar levels, while the

Ambroé:
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correlation between the fasting blood
sugar, total lipoid, cholesterol ester
and phospholipid levels is not signif-
icant statistically.

(3) An increase in the concentra-
tion of total cholesterol is asssociatecl
with a parallel increase of the choles-
terol ester level in both diabetic and
healthy children, whereas the concen-
tration of free cholesterol increases con-
siderably less in diabetics. Enhanced
esterification ~modifies the inter-
proportion between esterified and
non-esterified cholesterol in diabetic
patients.

(4) The same linear correlation be-
tween the serum cholesterol ester and
triglyceride levels exists in both heal-
thy and diabetic children.

(5) The serum cholesterol ester and
phospholipid levels showed no corre-
lation in insulin-treated diabetic chil-
dren, whereas the said levels were in-
versely related in the controls.

(6) It is suggested that, while the
lipoprotein fraction of the lowest
specific weight increases in the serum
of diabetic children treated with in-
sulin, the lipoid composition of the
fraction is also changed. It is moreover
supposed that the composition of
high-density lipoproteins, too, under-
goes changes.
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