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Summary. The distribution and composition of lipoproteins
spanning the very low density and low density lipoprotein
spectra have been analysed in ten poorly-controlled, male,
Type 2 (non-insulin-dependent), diabetic patients pre-dis-
posed to mild, secondary hypertriglyceridaemia. As com-
pared to age-matched control subjects, the diabetic patients
displayed grossly modified, distinctly atherogenic lipopro-
tein profiles. Modifications were not limited to the very low
density lipoprotein profile, as would be expected from the
pre-treatment hypertriglyceridaemia. There was also an
aberrant low density lipoprotein profile, which was not evi-
dent from plasma cholesterol measurements, especially as
the diabetic patients at entry were well matched to control
subjects with respect to plasma levels of this lipid. Composi-
tional abnormalities were also observed in the poorly-con-

trolled diabetic group, although these were less marked than
the distributional changes. There were substantial improve-
ments of the abnormalities detailed above, even over a short
treatment period (two weeks), with therapy designed pri-
marily to ameliorate metabolic control. The data suggest
that, in the presence of poor metabolic control and hyper-
triglyceridaemia, occult, atherogenic modifications of low
density lipoproteins can occur. The results argue in favour of
strict control of triglyceride levels even in diabetic patients
with apparently acceptable cholesterol levels.
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Hypertriglyceridaemia is the most frequently en-
countered lipid disorder in poorly-controlled Type 2
(non-insulin-dependent) diabetic patients [1-3]. Raised
triglyceride levels reflect increased plasma concentrations
of very low density lipoproteins (VLDL). The latter are
precursors of low density lipoproteins (I.LDL; [4, 5]) and
also have close metabolic links with high density lipopro-
teins (HDL; [6, 7]). Whereas LDL and HDL are estab-
lished, major atherosclerotic risk factors, there still re-
mains considerable uncertainty as to the risk status of
triglycerides/VLDL. This derives primarily from the in-
ability of epidemiological studies to consistently depict
triglycerides as independent risk factors for cardiovascu-
lar disease [8]. Undoubtedly, the close metabolic ties men-
tioned above contribute to this uncertainty. However, re-
cent reappraisals of the potential role of triglycerides have
generally favoured attribution of a high risk status [8§, 9].
Obviously, it has important implications for diabetic pa-
tients.

Hypertriglyceridaemia is an umbrella term covering a
variety of metabolic disorders which affect VLDL levels
and influence the atherosclerotic process to varying de-

grees [8, 10]. This heterogeneity greatly hinders a true ap-
preciation of the role of triglycerides in cardiovascular dis-
ease. In thisrespect, detailed information on the structural
and metabolic diversity of VLDL should help to clarify
the situation. Such studies in the non-diabetic population
have substantially contributed to an understanding of the
inherent heterogeneity of VLDL [11-13]. Comparable
data from diabetic populations are generally lacking.
Thus, the primary aim of this study was to examine VLDL
and LDL subfraction composition and distribution in
poorly-controlled Type 2 diabetic patients with mild, sec-
ondary hypertriglyceridaemia. These lipid parameters
were subsequently re-examined after short-term treat-
ment designed to improve glycaemic control.

Subjects and methods

Type 2 diabetic patients were recruited from those referred to the
Diabetes Teaching Unit at the Cantonal Hospital in Geneva. Ten
poorly-controlled male patients with secondary hypertriglyc-
eridaemia entered the study. Fasting blood samples were obtained at
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entry and after a short, two-week period of hospitalisation where
emphasis was placed on improving glycaemic control. Various clini-
cal parameters are givenin Table 1. The average duration of diabetes
was 6.1 £ 4.5 years. No patient was receiving lipid lowering drugs;
two patients were receiving antihypertensive medication (a calcium
antagonist and B-blocker/diuretic) and this was continued during
their hospitalisation. Prior to entry, one patient was treated by diet
alone, seven with oral anti-diabetic drugs (five with sulphonylureas,
two with biguanides) and two with insulin. During hospitalisation,
the diet-treated patient received oral anti-diabetic medication whilst
three additional patients also received insulin. Daily caloric intake
at entry and during hospitalisation was 2225+ 590 keals and
1612 £ 216 keals, respectively (p =0.065). Diet was modified from
an average fat:protein:carbohydrate composition (%) at entry of
40.5%£1.9:19.0+3.8:39.9+6.2 to one of standard composition
(30:20:50). Four patients showed no weight change during this peri-
od, one gained weight (0.4 kg) and five showed weight losses of
0.5-3.3 kg (average 1.6 kg).

Age-matched control subjects were recruited from the personnel
of the University Hospital in Geneva. Their clinical characteristics
are given in Table 1.

Lipoprotein fractionation

Fasting plasma samples were fractionated by cumulative flotation
ultracentrifugation [14] as described previously [15]. It gives rise to
three subfractions of VLDL (VLDL-1, Sf >100; VLDL-2, Sf 60—
100; VLDL-3, S£20-60) and LDL (LDL-1,S£12-20; LDL-2,Sf6-12;
LDL-3,8£3-6). VLDL subfractions were isolated from 2 x 2.0 ml of
plasma; LDL subfractions were isolated from the equivalent of
2.0 ml of plasma after removal of VLDL (16 h, 40000 rev/min, Kon-
tron 45.6 rotor).

HDL-cholesterol was measured after precipitation of lower den-
sity lipoproteins from whole plasma with phosphotungstate [16].

Lipid and protein analyses

Lipids were quantified with commercially available enzyme assays,
as described previously [15, 16]. Quality control of lipid measure-
ments is assured by the Prague reference centre of the WHO. Typical
within-day and between-day coefficients of variation are 0.8 and 1.2
for cholesterol; 1.3 and 2.6 for triglycerides. Esterified cholesterol

Table 1. Clinical parameters of the control group and diabetic pa-
tients before and after treatment

Parameter Diabetic patients Control
Before After

Age (years) 54.3+8.6 - 542+79

BMI (kg/m?) 301+2.7 - 233+2.0°

Fasting plasma glucose (mmol/l) 12.1+3.4 6.6+0.9 4141124

Glycaemic profile (mmol/l) 123+3.8 71+1.5° ~

Glucosuria (g/24 h) 380x338 14x3.0° -

HbAL: (%) 9.8+ 1.4 -

Proteinuria (g/24 h) 0.19£0.35 -

Creatinine (Lmol/l) 100.1£19.4 - ~

Plasma chol. (mmol/) 599£0.83 5.13+086° 5.88%0.75

Plasma triglycerides (mmol/l) 3.09+£087 1.69+0.5* 1.05+0.32*°

HDL-chol. (mmol/1) 0.86+0.10 084%0.14 135+0.34°

146.7+269 127.1+244° 1689+3.5°
14524191 1192+132° 136.1+38.7

Apo A-I (mg/dl)
Apo B (mg/dl)

Values are expressed +SD. Fasting plasma glucose and lipid levels
were measured at 08.00 hours. The glycaemic profile is the average
value for measurements made at 08.00, 11.00 and 17.00 hours. Be-
fore, at entry; after, following treatment

@ p<0.001; * p<0.005; © p<0.05 vs diabetic patients at entry;
4 p<0.001; © p<0.005 vs diabetic patients after treatment
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was estimated as ((total cholesterol) - (free cholesterol))x 1.68.
The total protein content of the subfractions was measured by the
procedure of Lowry et al. [17], as was protein in the precipitate
(apolipoprotein (apo) B) and the infranatant (essentially apos C
and E as revealed by SDS-PAGE) resulting from tetramethyl urea
treatment of the subfractions [15, 18].

Plasma apo A-I and B were quantified by electroimmunoassay
[16].

Other measurements

Haemoglobin A, and plasma glucose were measured as described
previously [19].

Statistical analysis

Comparisons were made using the unpaired (diabetic patients vs
control subjects) or paired (between diabetic patients) Student’s
t-test.

Results
Plasma lipid and apolipoprotein levels

As shown in Table 1, diabetic patients at entry were well
matched to control subjects with respect to age, plasma
cholesterol and apo B levels. HDL-cholesterol levels
were significantly lower, as was apo A-I (although it did
not reach significance at p <0.05). There were also highly
significant differences in plasma triglyceride levels and
BMI. Subsequent to treatment, there were significant im-
provements in parameters of metabolic control, notably
fasting plasma glucose, the daily glycaemic profile and
glucosuria (Table 1). There were also significant reduc-
tions in plasma levels of cholesterol, triglycerides and
apo B. HDL-cholesterol levels were not modified, but
there was a significant decrease in plasma concentrations
of apo A-L

Plasma lipoprotein concentrations

Plasma concentrations of apo B containing lipoproteins
(VLDL + LDL) were significantly increased in pre-treat-
ment diabetic patients (Fig.1a). It was due essentially to
VLDL, LDL levels being similar to control values. Treat-
ment was accompanied by significant reductions in
VLDL, although they still remained above control values.
There were no significant differences in plasma levels of
total LDL between diabetic and control groups.

The differences in total VLDL concentrations noted
above reflected those of individual lipid and total protein
components of the lipoproteins. All were significantly in-
creased in pre-treatment diabetic subjects, with respect
both to post-treatment and control values. Treatment sig-
nificantly reduced, but did not normalise their plasma
concentrations. The values for total cholesterol are given
as an example in Figure 1b.
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Fig.1a,b. Total VLDL (8<1.006 g/ml) and total LDL (& 1.006—
1.063 g/ml) were isolated from fasting plasma by sequential
ultracentrifugation. a Total plasma concentration was computed as
the sum of the concentrations of the individual lipid and total protein
components. b Total cholesterol concentrations of the subfractions.
Statistical analyses: pre-treatment VLDL vs control VLDL,
p<0.001 for a andb; post-treatment VLDL vs control VLDL,
p <0.005 for a and p <0.05 for b. There were no statistically signifi-
cant differences for the LDL samples. B Pre-treatment; B post-
treatment; & control

VLDL subfractions

As shown in Figure 2a, there were highly significant in-
creases in the plasma concentrations of each VLDL sub-
fraction. These were more marked for VLDL-1 and 2
(five-fold increase compared to control values) than
VLDL-3 (two-fold increase). All responded favourably to
treatment, particularly VLDL-1 and 2 (Fig.2a), with sub-
stantial reductions in their plasma concentrations which
still, however, remained above control levels.

The global increases noted above represented those of
the individual lipid and total protein components of the
subfractions. All components were significantly higher in
each VLDL subfraction from pre-treatment diabetic pa-
tients, as compared to control subjects, and all responded
favourably to treatment (Table 2).

The relative compositions of the VDL subfractions
are given in Table 3. With respect to pre-treatment and
control samples, there appeared to be a divergence be-
tween VLDL-1 and 2 subfractions and VLDL-3. That is,
diabetic VLLDL-1 and 2 appeared to be enriched in phos-
pholipids, free and esterified cholesterol and depleted in
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Fig.2a,b. Plasma concentrations (computed as described in Fig. 1)
of VLLDL (a) and LLDL (b) subfractions isolated by cumulative flota-
tion ultracentrifugation. Statistical analyses. a Comparisons of pre-
treatment subfractions vs post-treatment and control subfractions
respectively: VLDL 1 and 2, p < 0.001 vs both; VLDL-3; p < 0.001 vs
pre-treatment, p < 0.01 vs controls: comparisons of post-treatment
values to controls; VLDL-1, not significant; VLDL-2, p <0.005;
VLDL-3, p <0.02. b Comparisons of pre-treatment subfractions to
post-treatment and control subfractions respectively: LDL-1,
p <0.001 and not significant; LDL-2, p < 0.05 and p < 0.001; LDL-3,
p<0.005 and p <0.001: comparisons of post-treatment values to
controls: LDL-1, p <0.02; LDL-2, p <0.05; LDL-3, p <0.02. & Pre-
treatment; £ post-treatment; & control

triglycerides as compared to control fractions. In contrast,
VLDL-3 appeared to be triglyceride-enriched, but poorer
in esterified cholesterol and, to alesser extent, free choles-
terol. On the whole, however, differences were far less ex-
tensive than those observed for absolute concentrations
of the VLDL components.

The protein component of the subfractions was exam-
ined in broad terms by fractionation into apo B (tetra-
methyl urea insoluble) and non-apo B (tetramethyl urea
soluble, essentially apos C and E) proteins. A lower
apo B/non-apo B protein ratio was observed in all sub-
fractions from the diabetic groups (Table 4) although
there was a large degree of variation between individuals.
The differences were significant for V.LDL-3.

LDL subfractions

There were striking differences in the LDL distribution
profile of the pre-treatment diabetic patients as compared
to the control subjects. Whereas LDL-2 was significantly
lower than control values, LDL-3 was significantly in-
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Table 2. Concentrations of lipid and protein components of VLDL subfractions
Parameter VLDL1 VLDL2 VLDL3

Before After Control Before After Control Before After Control
Protein 8S5+40° 34419 151100 11.0£3.7 62+36° 201210 13744 11.4+3.7° 6.7+3.4°
TG 80.9+£36.7° 285+214 161+8.1* 63.81+20.6° 322%16.2° 124+6.0° 47.0+12.5¢  351+£102° 19.8+18.3
PL 17.2£81°  6.0+49° 27+13* 19.4+6.6° 93+55 29%x15 21.6+£62¢ 16.0+4.7° 9.1+4.3%
FC 42+23  1.5+13 0.7+£0.3* 5619 25+€1.6°  07£04 7.5+2.3¢ 5.61£2.0 3.8+1.9°
EC 5.8+£35 2127 09+09* 10.4+4.5¢ 45£41°  12+£1.1° 181+6.1¢  12.0£4.9 102+6.7°
Average concentrations (mg/dl + SD) of individuallipid and protein * p<0.001; * p<0.05 for pre-treatment vs control; ° p <0.005;
components of VLDL subfractions from diabetic (n = 10) and con- 4 p<005 for pre-treatment vs post-treatment; *° p<0.005;
trol (n=10) subjects. Before, at entry; after, post-treatment. TG, £ p <0.05 for post-treatment vs control
triglycerides, PL, phospholipids, FC, free cholesterol, EC, esterified
cholesterol.
Table 3. Composition of VL.DL subfractions
Parameter VLDLI1 VLDL?2 VLDL3

Before After Control Before After Control Before After Control
Protein 73107 88+21"  6.6%2.1 10.0£1.0 114+1.7 99+1.7 126+1.5¢  142+0.8 141+1.2°
TG 69.5+27 69.7£40° 735+3.0° 580+£2.19  600%47° 660137 438124 442+2.7 407 £5.1°
PL 147£0.8 144£1.0¢ 125+1.1° 17.5£0.7¢  16.9+0.8 15.5+0.7° 20.0+0.7 20.1+£0.8 189+12
FC 37+09 33+1.5 33109 52+1.0 46+14" 32106 7.0£09 6.9+0.6 77+1.0
EC 49+1.7 39+£22 39130 9.2+1.5¢ 72428 53+3.0° 16.6+1.9¢ 14719 185£5.6
Compositions are espressed as relative concentrations * p<0.001; ® p<0.05 for pre-treatment vs control; ° p <0.003;

(2/100 ¢ + SD) of individual lipid and total protein components of
VLDL subfractions from diabetic (n = 10) and control (n = 10) sub-
jects. Before, at entry; after, post-treatment. TG, triglycerides, PL,
phospholipids, FC, free cholesterol, EC, esterified cholesterol.

creased (Fig.2b). Incontrast, LDL-1 was presentin similar
concentrations in the pre-treatment diabetic patients and
control subjects. Treatment was accompanied by impor-
tant modifications to this lipoprotein distribution profile.
Thus, LDL-3 (and LDL-1) were reduced in concentration,
whilst higher levels of LDL-2 were observed (Fig.2b). All
changes were statistically significant. Differences between
pre-treatment diabetic and control subjects with respect to
the concentrations of the individual components of the
subfractions (Table 5) mirrored differencesin overall plas-
ma concentrations of each subfraction. Moreover, treat-
ment appeared to induce parallel modifications to concen-
trations of all components of a particular subfraction. As a
result, there were no gross differences in the relative com-
positions of the subfractions from eitherdiabetic or control
groups (Table 6). There was,however, atendency for LDL-
1 and?2 to be enriched in triglycerides and somewhat
depletedinfree cholesterol.

As with the VLDL subfractions, LDL-1 had a signifi-
cantly lower ratio of apo B/non-apo B protein in both
diabetic groups (Table 4).

Discussion

This study provides the first detailed analysis of lipopro-
tein subfractions spanning the VL.LDL/LDL metabolic cas-
cade in Type 2 diabetic patients. It highlights modifica-
tions to the lipoprotein profile of poorly-controlled
diabetic patients and indicates the potential of even short-
term therapy to correct these changes. Finally, it under-

¢ p<0.05 for pre-treatment vs post-treatment;
' p <0.05 for post-treatment vs control

¢ p <0.005;

lines abnormalities of the LD distribution profile, abnor-
malities not apparent from measurements of the total or
LDL cholesterol levels.

Attention is being increasingly focussed on the me-
tabolic complexity and attendant structural diversity of
VLDL and LDL. It should help define the atherogenic
potential of lipoprotein subfractions and clarify the patho-
logical consequences of modifications to the VLDL/LDL
metabolic cascade. Some tentative conclusions have al-
ready emerged. Thus, large VLDL (subfractions 1 and 2)
do not appear to be atherogenic per se; their diametres
hinder penetration of the blood vessel wall, limiting their
accumulation and contribution to developing athero-
sclerotic lesions [20]. Neither are they quantitatively con-
verted to the principal atherogenic lipoprotein species,
LDL. Studies in non-diabetic populations have shown
that, after being processed to the VLDL-3 range, a sub-
stantial proportionis directly removed from the plasma [4,
5,13]: this would also appear to be the situation in diabetic
patients [21]. They do, however, give rise to lipoproteins of
intermediate density (IDL, straddling the VLDL-3/LDL-
1 density spectrum) which are particularly atherogenic li-
poprotein species [10, 22, 23]. A direct correlation be-
tween levels of large VLDL and IDL has been
demonstrated in diabetic patients [24]. VLDL-3 is a par-
ticularly complex density region as it encompasses cata-
bolic remnants derived from triglyceride-rich lipoprotein
metabolism and newly synthesised small VLDL destined
for quantitative transformation to LDL. As mentioned
above, it is a particularly atherogenic lipoprotein subfrac-
tion, probably due to the presence of catabolic remnants.
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Table 4. Ratio of apo B to non-apo B apolipoproteins in lipoprotein
subfractions

Diabetic  Ratio (apo B/non-apo B)

group VLDL1 VLDL2 VLDL3 LDL!
Before  0.68+041 0.95+0.38 1.70+0.50 10.70+8.80
After 0.83+0.67 0.95+040 190+04 10.40+9.40
Control  0.91+0.61 1.15£0.79 3.80+2.70° 27.80+ 17.3(¢

Subfractionation was achieved by treatment of lipoprotein fractions
with tetramethyl urea. The protein content of precipitable (apo B)
and non-precipitable (non-apo B apolipoproteins) material was
quantified [17] and the above values are the ratios ( £ SD) of these
measurements (n =10).

@ p <0.05vs both diabetic groups

Judging from its predominance in control subjects,
LLDL.-2 can be considered to represent the normal form of
LDL, and is thus the preferred substrate for the LDL re-
ceptor. In contrast, small, dense LDL (LDL-3) shows
strong associations with cardiovascular disease in non-
diabetic subjects [25, 26] suggesting a particularly athe-
rogenic form of LDL. This may be a consequence of its
smaller size facilitating penetration of the blood vessel
wall. In addition, due to its high protein content, apo B
may be more visible and thus more accessible for binding
by the vessel wall matrix.

In the light of these considerations, poorly-controlled
diabetic patients show an indisputable atherogenic lipo-
protein profile. Firstly, VLDL-3 concentrations are in-
creased, no doubt consequent toincreased VLDL-1 and 2.
This agrees with previousreports ofincreased IDL inpoor-
ly-controlled diabetic patients [24, 27-29]. Secondly, and
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more strikingly, the LDL distribution profile is completely
awry. Notably,concentrationsof LDL-2 are decreased, and
those of LDL-3 are increased. This could be the basis of
LDL polydispersity previously noted in diabetic subjects
[30]. These anomalies would not be suspected from mea-
surements of total cholesterol or even LDL-cholesterol
levels, as there were nosignificantdifferencesbetween pre-
treatment patients and control subjects. The exact causes
of the modified LDL distribution, particularly increasesin
small, dense LDL in hypertriglyceridaemia, are not clear.
One possibilityisthat they arise directly from the remodell-
ing of certain VLDL subfractions, and are genetically
determined [31, 32]. Other likely candidates are the lipid
transfer proteins [33-35]. Hypertriglyceridaemia would
lead to exaggerated transfer of triglycerides into LDL.
Their subsequent hydrolysis, probably by hepatic lipase
[36], vields smaller, denser LDL particles, as observed in
the poorly-controlled diabetic patients. Further studies
will be necessary to establish whether hypertriglyceri-
daemia is sufficient to provoke the modifications of the
LDL profile, as appears to be the case in non-diabetic
populations [34], or whether features specific to the
diabeticconditionalsoplayarole. The questionmerits par-
ticular attentionaspresently thereisno basisfor presuming
that the secondary hypertriglyceridaemia of the diabetic
patients is metabolically equivalent to the primary hyper-
triglyceridaemia of non-diabetic populations. Moreover,
primary hypertriglyceridaemia is a notoriously heteroge-
neous, poorly understood disorder for which raised trigly-
ceride levels are a blanket description.

Although the question was not fully addressed, this
study underlines that even short-term therapy seeking pri-

Table 5. Concentrations of lipid and protein components of LDL subfractions

Parameter LDL1 LDL2 LDL3

Before After Control Before After Control Before After Control
Protein 108424 7.0+£25 11.1£3.0 306+7.1 385+13.1"  54.4+185° 41.0+11.6° 27.1+12.7° 139459
TG 724304 54+16 64+24 79+3.1 97+24 11.2+2.9° 60126 47+1.7° 24+1.1°
PL 12.8£2.9° 87+3.1% 123+£35 27.0+71° 365+124" 486+ 12.0° 295£93¢ 2131105 108+4.0°
FC 6.2+4.0 35+£15  57+£16 10.74£3.1¢ 14.8%4.8° 22658 10.9£3.6¢ 7.9+3.9° 44+£1.8
EC 226£57° 14.1£49" 21069 533+14.8¢ 70.5+24.0° 100.0+£26.2° 61.0+184° 426+21.5" 232497
Average concentrations (mg/dl + SD) of individual lipid and protein 2 p<0.001; ° p<005 for pre-treatment vs control; ¢ p<0.005;
components of LDL subfractions from diabetic (n = 10) and control 4 p<0.05 for pre-treatment vs post-treatment; ° p <0.005;
(n = 10) subjects. Before, at entry; after, post-treatment. TG, trigly- ! p <0.05 for post-treatment vs control
cerides, PL, phospholipids, FC, free cholesterol, EC, esterified cho-
lesterol.
Table 6. Composition of LDL subfractions
Parameter LDL1 LDL2 LDL3

Before After Control Before After Control Before After Control
Protein 185+2.0 18220 19.7+1.7 23.8+2.8 224+24 227127 27.7+35 26.4+2.6 25.6+3.0
TG 12.1£3.6° 14.4+3.0° 11.5%28 6.0+1.5 59+13 48+1.1° 4.0£09 48+1.0 43+£0.7
PL 21.9+16 223+1.8 21.7x09 209+1.7 220+1.70 20.6+1.0 198+14 204+1.1 19.9+1.0
FC 88+24 9.0+1.7 102+09 83x15 871098 9.6+0.6° 73+13 7.8+1.1 81£1.0
EC 386+53 36.0x45 370152 40929 41.1+36 422120 41.1+£23 40.6+2.6 42.0+2.4
Compositions are expressed as relative concentrations glycerides, PL, phospholipids, FC, free cholesterol, EC, esterified

(/100 g+ SD) of individual lipid and protein components of
LDL subfractions from diabetic (z=10) and control (n=10)
subjects. Before, at entry; after, post-treatment. TG, tri-

cholesterol.
® p <0.05 for pre-treatment vs control; ¢ p <0.05 for pre-treatment
vs post-treatment; ! p <0.05 for post-treatment vs control



R.W.James and D.Pometta: Lipoprotein subfractions in Type 2 diabetes

marily an improvement of glycaemic control has an evi-
dent beneficial influence on the lipoprotein profile. All
three VLDL subfraction concentrations were significant-
ly reduced. Within the LDL density spectrum, there was a
net tendency to normalise the profile with significant
changes in the levels of LD1.-2 and LDL-3. It is probable
that a longer period of improved metabolic control would
have more fully corrected the lipoprotein anomalies [37].
In this context, weight loss will also undoubtedly contrib-
ute to these improvements as obesity has recently been re-
ported to modify independently plasma lipids/lipopro-
teins in diabetic subjects [38]. Whilst the patients involved
in this study were obese, all manifested dramatically im-
proved lipoprotein profiles, whether or not weight loss oc-
curred. Thus, itis doubtful that obesity played a major role
in these patients. The considerations also raise the ques-
tion of whether particular treatment regimens are more
efficient in correcting lipid anomalies. No conclusions can
be drawn from the present study; there were, however, no
apparent major differences in the response of insulin-
treated, as opposed to non-insulin-treated patients, albeit
during a short period of therapy. Moreover, Denke and
Grundy [39] have suggested that, providing good gly-
caemic control is achieved, msulin or oral anti-diabetic
therapy have equally effective lipid lowering capacities.
Dietary habits were modified during hospitalisation and
certainly contributed to improved glycaemic control.
Their influence on the lipoprotein profile is less clear. It is
difficult to conceive of dietary composition playing a
major role. Prior to entry, it was similar to that of the
Geneva population with a higher fat content than during
hospitalisation; fats do not modify plasma triglyceride
levels [40]. Indeed, the dietary changes implemented
(lower fat, higher carbohydrate) would, if anything, tend
to raise triglyceride levels [41] and accordingly counteract
the observed improvements of the lipoprotein profile.
Thus, any role played by dietary modifications was prob-
ably via reduced caloric intake [40], although it was not
significant for this small group of patients.

Another feature examined in this study was lipoprotein
composition. There is considerable disagreement as to
whether, and what, compositional modifications occur in
Type 2 diabetic subjects [1-3, 42, 43]. Some significant dif-
ferences between diabetic and control groups were ob-
served. These tended to agree with previous observations;
increased triglyceride/apo B ratiosin VLDL ([2]; we show
that it extends to the VDL subfractions) and a tendency
for LDL to be enriched in triglycerides [6]. On the whole,
however, differences in lipoprotein subfraction composi-
tions were less marked than differences in concentrations.
It is possible that this reflects subtle modifications of lipo-
protein composition which can only be revealed by exam-
ining larger populations. However, we believe that it
raises a more important consideration. Previous studies
have essentially examined whole VLDL and LDL, not
subfractions [2]. Thus, reported compositional anomalies
may have been due in part to the relative contributions of
different lipoprotein subfractions of essentially normal
composition.

The above considerations apply to the composition of
lipids and total protein. A closer examination of the apoli-
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poprotein components suggests potentially important
modifications in diabetic patients. Albeit subjected to
limited fractionation, the results indicate enrichment of
non-apo B apolipoproteins (apos C and E) in VLDL-3
and LDL-1. These observations extend previous sugges-
tions of a modified apolipoprotein content of diabetic
VLDL [27,44], although Stalenhoef et al. [45] were unable
to confirm this for the apos C. We did not examine the
relative concentrations of apos C and E, but in a previous
study we observed an increased apo C:apoE ratio in
Type 2 diabetic patients [19]. As apos C and E greatly in-
fluence metabolism of VLDL/IDL, these observations
could have important implications. A direct consequence
of these modifications could be the accumulation of
VLDL-3 if the receptor binding capacity of apo E is com-
promised.

To conclude, a modified, apparently atherogenic lipo-
protein distribution was the major feature of the poorly-
controlled diabetic patients partaking in this study. Such
modifications may have been expected for the VLDIL sub-
fractions, given the pre-treatment hypertriglyceridaemia,
but not for the LDL subfractions, if considering plasma
cholesterol levels alone. The profile responded relatively
rapidly to improved metabolic control. Taken together
with recent epidemiological data [46] implicating hyper-
triglyceridaemia as a particular risk factor in diabetes, the
results suggest that strict control of plasma triglycerides
should also be a primary concern in diabetic patients.
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