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LDL subclasses in IDDM patients: relation to diabetic nephropathy
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Summary To answer the question whether the elev-
ation of LDL-cholesterol in IDDM patients with inci-
pient and established diabetic nephropathy is accom-
panied by changes in LDL size or composition, we stu-
died distribution of LDL particles in 57 normoalbu-
minuric [AER 7 (1-19) pg/min, median and range], in
46 microalbuminuric [AER 50 (20-192) pg/min] and in
33 proteinuric [AER 422 (233-1756) pg/min] IDDM
patients as well as in 49 non-diabetic control subjects
with normoalbuminuria. The three diabetic groups
were matched for duration of diabetes and glycaemic
control. The mean particle diameter of the major LDL
peak was determined by nondenaturing gradient gel
electrophoresis. Composition and density distribution
of LDL were determined in the subgroups of each pa-
tient group by density gradient ultracentrifugation.
Normoalbuminuric IDDM patients had larger LDL
particles than non-diabetic control subjects (260 A vs
254 A, p <0.05). LDL particle diameter was inversely
correlated with serum triglycerides in all groups
(p <0.05 for normoalbuminuricand p < 0.001 for other

groups). Triglyceride content of LDL was higher in
three IDDM groups compared to control group
(p <0.05). The elevation of LDL mass in microalbu-
minuric and proteinuric IDDM groups compared to
normoalbuminuric IDDM group (p <0.05 for both)
was mainly due to the increment of light LDL (density
1.0212-1.0343 g/ml). There were no significant changes
in the density distribution or composition of LDL be-
tween the three diabetic groups. In conclusion the in-
crease of LDL mass without major compositional
changes suggests that the elevation of LDL in incipient
and established diabetic nephropathy is primarily due
to the increased number of LDL particles. The pre-
valence of atherogenic small dense LDL particles in
IDDM patients with microalbuminuria and proteinu-

ria is closely dependent on plasma triglyceride concen-
tration. [Diabetologia (1994) 37: 681-688]

Key words IDDM, diabetic nephropathy, microalbu-
minuria, proteinuria, lipid metabolism, small dense
LDL

Cardiovascular disease is the major cause of excess mor-
bidity and mortality among IDDM patients [1-4]. In
particular the patients with diabetic nephropathy are at
high risk of cardiovascular disease and have a relative

Received: 21 October 1993
and in revised form: 3 January 1994

Corresponding author: Professor M.-R. Taskinen, Third Depart-
ment of Medicine, University of Helsinki, Haartmaninkatu 4,
FIN-00290 Helsinki, Finland

Abbreviations: AER, urinary album excretion rate; CETP,
cholesteryl ester transfer protein; IDDM, insulin-dependent
diabetes mellitus; CHD, coronary heart disease; ApoB, apo-
lipoprotein B.

mortality 30-times higher than patients without nephro-
pathy[5, 6]. Recently, microalbuminuria perse hasbeen
recognized as a risk marker for CHD mortality in both
NIDDM and non-diabetic populations [7-8]. In IDDM
patients microalbuminuria predicts the development of
clinical proteinuria but so far the impact of microalbu-
minuria on CHD mortality in IDDM has been evaluat-
ed only in small groups [9]. The link between dyslipid-
aemias and diabetic nephropathy is commonly recog-
nized, and lipid abnormalities may contribute to the ex-
cess CHDrisk although the quantitative and differential
mmpact of the several risk factors present in these pa-
tients is not established. Several studies have reported
elevations of serum total and LDL cholesterol, trigly-
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Table 1. Clinical characteristics of the IDDM patients with
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Normoalbuminuria Microalbuminuria Proteinuria Healthy subjects
n 57 46 33 49
Sex (M/F) 29/28 3115 17/16 27/22
Age (years) 36.0 (18.9-61.4) 38.4 (21.9-61.4) 38.0 (22.9-56.0) 35.6 (24.9-67.0)
Duration of IDDM (years) 22.0(7.7-43.2) 22.9 (7.7-46.5) 25.0 (13.5-41.0)
BMI (kg/m?) 236 (19.1-34.0) 242 (19.1-31.6) 24.3 (20.6-31.5) 24.1 (17.7-34.9)
HbA, (%) 9.2 (6.4-13.5) 9.8 (7.6-14.2) 9.8 (7.6-13.3) 6.10 (4.80-7.00)
AER (ug/min) 7(1-19) 50 (20-192) 422 (223-1756) 4 (0-9)
Insulin dose (TU) 45 (22-104) 48 (20-906) 46 (20-122)
Systolic BP (mmHg) 128 (90-157)° 132 (100-200)" 147 (107-188)=¢ 118 (93~145)
Diastolic BP (mm Hg) 76 (47-95) 80 (61-115)° 85 (59-108)¢ 75 (60-93)

2p <0.05and °p <0.001 vs healthy subjects; ® p <0.05and 4p <0.001 vs normoalbuminuric IDDM patients

Values are medians (range)

ceride and apoB concentrations in IDDM patients with
established nephropathyand variable changes have also
been found in IDDM patients with microalbuminuria
[10-13]. Whether the changes of lipids and lipoproteins
correlate with the degree of albuminuria remains how-
ever uncertain [10,12,14].

So far much of the attention has been focused on the
concentrations of serum lipids and lipoproteins ne-
glecting the heterogeneity of lipoprotein particles.
LDL consists of a spectrum of particles which vary in
their size, density, composition and possibly atheroge-
neity. Two distinct LDL subclass phenotypes can be dis-
tinguished according to LDL particle size distribution
separated by gradient gel electrophoresis [15]. Pat-
tern A consists of a major LDL peak with LDL particle
diameter greater than 255 A and of minor peak with
smaller particle size [15]. In pattern B the diameter of
the major LDL peak is equal to or less than 255 A [15].
A predominance of the small, dense LDL particles
which occurs in pattern B is considered to be highly
atherogenic [15-17]. Growing evidence indicates that
serum triglyceride concentration is one important
determinant of structural properties of LDL [18-21].
Several studies have reported that decrease of LDL
particle size, increased density and abnormal composi-
tion of LDL are associated with elevated VLDL con-
centrations [18-23]. As this could be a feature in the
dyslipidaemia of IDDM patients with kidney disease
we investigated in the present study the LDL particle
size, density distribution and compositionin IDDM pa-
tients with incipient and established diabetic nephro-
pathy across a large spectrum of AER.

Subjects and methods

Patients

Thisstudy included a subpopulation of 136 subjects with gradient
gelelectrophoresis available out of alarger study group of IDDM
patients (n = 153) who were recruited for a cross-sectional study
[Groop P-H, Elliott T, Ekstrand A et al.: Lipoprotein abnor-
malities in Type 1 (insulin-dependent) diabetic patients with
renal disease, manuscript in preparation} from the Diabetic Out-
patient Clinics of Helsinki University Hospital, Finland and

Guy’s Hospital, London, UK. The IDDM patients were selected
to have a wide range of AER based on previous annual screening
measurements. Atthe entry the patients were classifiedintothree
subgroups according to the median of AER measured by three
overnight urine collections. The normoalbuminuric IDDM
group consisted of 57 IDDM patients (29 men, 28 women) with
AFER less than 20 pg/min. Microalbuminuric IDDM patients
(31 men, 15 women) hadan AER from20t0 200 pg/min. The pro-
teinuric IDDM . group included 33 IDDM patients (17 men,
16 women) with albuminuria over 200 pg/min. All IDDM pa-
tients had C-peptide values less than 0.05 nmol/l and they had
been treated with insulin since the time of diagnosis. Insulin was
being received by 121 IDDM patients as variable regimens of in-
sulin injections and 15 by a pump. Retinopathy, by funduscopic
assessment, was observed in 21 of 57 normoalbuminuric, 35 0of 46
microalbuminuric and 29 of 33 proteinuric IDDM patients. Clini-
cal signs or history of neuropathy were documented in 22 of 57
normoalbuminuric, 28 of 46 microalbuminuric and 26 of 33 pro-
teinuric IDDM subjects. The control group consisted of 49
healthy subjects (27 men, 22 women) with normal fasting blood
glucose and HbA values. All groups were matched for age and
BMIvalues, and the three IDDM groups were matched for dura-
tion of diabetes, glycaemic control and insulin dose. All partici-
pants had normal renal function and had serum creatinine con-
centration below 110 umol/l. None of the participants received
lipid lowering medication. None of the normoalbuminuric
IDDM patients nor any of the healthy subjects were being treat-
ed for hypertension. IDDM patients taking diuretics or beta-
blockers were excluded from the study because these drugs may
affect the lipid and lipoprotein metabolism [24-26]. Three micro-
albuminuric IDDM patients were on treatment with ACE inhibi-
tors and one with Ca-channel blockers for hypertension. Six pro-
teinuric IDDM patients were being treated with ACE-inhibitors,
one with Ca-channel blocker and two were treated with a combi-
nation of ACE-inhibitor and Ca-channel blocker. Three nor-
moalbuminuric, three proteinuric and four healthy subjects were
takingoral contraceptives. The participants were asked to abstain
from alcohol during the preceding 3 days. Ethical permission for
thestudy was obtained from the Ethics Commiittees at Guy’s Hos-
pital, London, UK and the III Department of Medicine, Helsinki
University Central Hospital, Helsinki, Finland. Clinical charac-
teristics of the subjects are shown in Table 1.

Lipids and lipoproteins

Blood samples were drawn in the morning after an overnight
fast. The serum was separated immediately by centrifugation at
3000 rev/min for 30 min at 4°C. The fresh serum samples from
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Table 2. Serum lipid and lipoprotein concentrations of the IDDM patients with

Normoalbuminuria Microalbuminuria Proteinuria Healthy subjects
n 57 46 33 49
Serum cholesterol (mmol/l) 4.65 (3.52-8.30) 5.33 (3.45-8.54)¢ 5.36 (2.43-8.22)¢ 4.97 (3.19-7.55)
Serum triglycerides (mmol/1) 0.89 (0.49-4.94) 1.07 (0.56-2.92) 0.97 (0.35-2.20) 0.90 (0.37-3.36)

1.65 (0.89-2.38)°
2.65 (1.64-5.67)
0.17 (0.02-1.46)
0.37 (0.10-3.51)
81.8 (53.6-139.5)
260 (238-279)°

HDL-cholesterol (mmol/l)
LDL-cholesterol (mmol/1)
VLDL-cholesterol (mmol/)
VLDL-triglycerides (mmol/l)
Apolipoprotein B (mg %)
LDL particle diameter (A)

1.45 (0.96-2.74)
3.00 (1.80-5.74)’
0.25 (0.04-1.34)
0.47 (0.12-2.01)
86.9 (57.6-161.5)
256 (232-288)

1.56 (0.95-2.81)
3.03 (1.16-5.40)¢
0.22 (0.05-0.86)
0.39 (0.06-1.53)
85.3 (34.2-143.4)
257 (244-283)

1.38 (0.82-2.28)
3.10 (1.55-4.82)
0.22 (0.03-1.07)
0.41 (0.07-2.43)
82.5 (34.2-174.2)
254 (228-271)

ip <0.05and °p <0.001 vs healthy subjects; °p < 0.05and ¢p <0.01 vs normoalbuminuria

Values are medians (range)

Guy’s Hospital were kept at 4°C and arrived at the laboratory in
Helsinki within 24 h. Sequential ultracentrifugation was used to
isolate serum lipoprotein fractions (VLDL, LDL and HDL) as
previously described [27, 28].

LDL density gradient ultracentrifugation

Because LDL density gradient ultracentrifugation is extremely
laborious and tedious it was performed only in a randomly se-
lected subgroup of patients including 12 normoalbuminuric
(3 men, 9 women), 15 microalbuminuric (11 men, 4 women), 12
proteinuric IDDM patients (6 men, 6 women), and 13 healthy
control subjects (9 men, 4 women). After the isolation of VLDL
fraction at a density of 1.006 g/ml the infranate was adjusted di-
rectly to the density of 1.0630 g/ml and ultracentrifuged at
35000 rev/min for 24 h at 2°C. The fraction containing both IDL
and LDIL wasremoved by tube slicing and dialysed for 8 hagainst
NaBr solution with adensity 0f1.0340 g/ml. The LDL density gra-
dient ultracentrifugation was performed according to the method
previously described by Shen et al. [29] with slight modifications.
The discontinuous gradient was prepared with NaBr solutions
into Beckman Ultraclear 9/16 x33/14 13-ml centrifuge tubes
(Beckman Inc., Palo Alto, Calif., USA) and the densities of the
sample tubes were controlled directly as previously described
[30]. Ultracentrifugation was carried out in a Beckman L8-70
ultracentrifuge with an SW 40TI swinging bucket rotor [(Cat.
No 331302) Beckman Inc.], 26 fractions of 0.5 ml were collected.
The four lightest fractions within density 1.0181 to 1.0202 g/ml
contained IDL and werediscarded. The concentrations of choles-
terol, free cholesterol, triglycerides, phospholipids and apoB
were measured in the remaining 22 fractions (density = 1.0212-
1.0650 g/ml). The LDL massineachfractionwascalculated by ad-
ding together the concentrations of different LDL components.
The 11 fractions having mean densities from 1.0212 to
1.0343 g/ml were designated light LDL and the 11 fractions with
mean densities from 1.0360 to 1.0650 g/ml were designated as
dense I.DL. The LDL peak densityis defined as the density of the
fraction with the greatest LDL mass.

LDL gradient gel electrophoresis

Nondenaturing polyacrylamide gradient gel electrophoresis of
LDL was performed from frozen serum samples using commer-
cial Pharmacia 2/16 gels (Pharmacia, Uppsala, Sweden) as pre-
viously described [31]. The gels were stained with Sudan Black B
lipid stain. After the destaining procedure the gels were scanned
at 595 nm with a computer assisted scanning densitometer (Cli-

niscan 2; Helena Laboratories, Beaumont, Texas, USA). The
mean particle diameter of the main LDL peak was determined
by computer performed comparison of the mobility of the
sample with that of a calibrated reference LDL preparation run
on each ge]. Coefficients of variation for intergel and intragel
precisions of the used control sample were 1.22 % and 0.98 %, re-
spectively.

Laboratory analysis

The concentration of cholesterol in serum, VLDL, LDL, HDL
and LDL fractions and that of triglycerides in serum, VLDL and
LDL fractions were determined by an enzymatic colorimetric
assay (F Hoffmann La Roche and Co Ltd. Diagnostica, Basle,
Switzerland) using an automatic analyser (Cobas Mira,
F Hoffmann La Roche and Co Ltd. Diagnostica). The commer-
cial kits were also used to measure the concentrations of free
cholesterol (Boehringer Mannheim GmbH, Diagnostica, Mann-
heim, Germany) and phospholipids (Wako Chemicals, Neuss,
Germany) in the LDL fractions isolated by density gradient
ultracentrifugation. The concentration of cholesteryl esters was
calculated by subtracting the free cholesterol concentration
from the total cholesterol concentration. Immunoturbidometric
assay (Orion Diagnostica, Espoo, Finland) was used to measure
the concentration of apoB in the serum and LDL fractions.
Blood glucose concentration was determined by the glucose
oxidase method (Auto-Analyzer; Technicon, Tarrytown, NY,
USA). Glycosylated haemoglobin (HbA,) measurement was
carried out by microcolumn chromatography (Isolab, Akron,
OH, USA) in Helsinki [32] and by the use of electroendosmosis
(Corning Chemical, Palo Alto, Calif., USA) in London. The
urine albumin concentration was determined by radioimmu-
noassay [33].

Statistical analysis

Analysis of data distribution and comparisons between the
groups were performed with BMDP statistical software
(University of California Press, 1988) for detailed data descrip-
tion (program 2D) and Kruskall-Wallis analysis of variance (38).
If the Kruskall-Wallis analysis of variance reached statistical sig-
nificance between four groups, the significances of differences
between two groups were assessed with Mann-Whitney non-
parametric test (3S). The relationships between the logarithmi-
cally transformed variables were estimated with Pearson corre-
lation coefficients. Stepwise regression analysis (2R) was also
performed.
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Fig.1. LDL particle diameter of the major LDL peak vs loga-
rithm of VLDL triglycerides in normoalbuminuric IDDM pa-
tients (@, r = — 0.26, p =0.05) and healthy control subjects (O,
r=—0.51,p <0.001), shown in the left panel, and in microalbu-
minuric (O, r=-0.55, p <0.001) and proteinuric (W, 7 =
—-0.41, p <0.05) IDDM patients, shown in the right panel

Results
Serum lipids and lipoproteins

Serum total cholesterol concentration was increased
in both microalbuminuric and proteinuric IDDM
groups by 15% (p <0.01 for both), compared to nor-
moalbuminuric IDDM patients (Table 2). LDL-cho-
lesterol concentration was elevated by 13 % in micro-
albuminuric and by 14% in proteinuric IDDM sub-
jects compared to the normoalbuminuric IDDM
group (p <0.01 for both). Note that LDL-cholesterol
values in microalbuminuric and proteinuric IDDM
groups were similar to the values in the non-diabetic
group. Microalbuminuric IDDM patients had 12%
lower HDIL-cholesterol concentration than normo-
albuminuric IDDM subjects (p <0.05). Concentra-
tions of VLDL-cholesterol, VLDL-triglycerides and
apoB did not differ significantly between the four
groups (Table 2). Overall female subjects had higher
HDL-cholesterol levels than male subjects in each
group, but there were no differences in serum total
and LDL-cholesterol or apoB concentrations between
the sexes (data not shown). Consequently the data
from both sexes were pooled for the detailed analyses
of LDL.

LDL particle size

Distribution of LDL particle size and the mean particle
diameters of the major LDL peak were determined in
each subject. The mean particle diameter of the major
LDL peak was significantly larger in the normoalbu-
minuric IDDM group (260 A) thanin the control group
(254 A) (p <0.001). The respective diameters of the
major LDL peaks were 256 A and 257 A in microalbu-
minuric and proteinuric IDDM groups (Table 2). LDL
particle diameter was inversely correlated with the lo-
garithm of VLDL-triglycerides in all groups (p =0.05
in normoalbuminuric, p <0.01 in microalbuminuric,

Fig.2. LDL particle diameter of the major LDL peak vs HDL-
cholesterol concentration in normoalbuminuric IDDM patients
(®, r=043, p<0.001) and healthy control subjects (O,
r =047, p <0.001), shown in the left panel, and in microalbu-
minuric (O, r=0.39, p <0.01) and proteinuric (M, r =041,
p <0.05) IDDM patients, shown in the right panel

40

LDL mass (mg/dl)
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1.0212 1.0260 1.0327 1.0422 1.0599 1.0650

Density (g/ml)
Fig.3. Density distribution of LDL determined by density gra-
dient ultracentrifugation in normoalbuminuric ( ), microalbu-
minuric (O ) and proteinuric (@) IDDM patients, and in healthy
control subjects ()

p <0.05inproteinuricand p < 0.001 in control subjects,
Fig.1). Note that the range of VLDL-Tg in normoalbu-
minuric IDDM patients seems to be narrower (range
0.10-0.94 mmol/l) than in control subjects (range 0.07—
2.43 mmol/l) if the one outlier with high VLDL-trigly-
cerides (3.51 mmol/l) is excluded. A significant inverse
correlation also existed between the mean diameter of
the major LDL peak and the logarithm of serum trigly-
cerides in all groups (p <0.05 for normoalbuminuric
IDDM group and p < 0.001 for other groups). A close
positive correlation was found between LDL particle
diameter and HDL cholesterol concentration in nor-
moalbuminuric IDDM and healthy groups (p < 0.001
for both, Fig.2). A similar positive correlation between
LDL particle diameter and HDI.-cholesterol was ob-
served in microalbuminuric as well as in proteinuric
IDDM groups (p <0.01 and p <0.05, respectively,
Fig.2). When stepwise regression analysis was per-
formed, LDL particle diameter was independently as-
sociated with serum triglyceride concentration
(p <0.001 for all groups) as well as with HDL-choleste-
rol concentration (p <0.05 for microalbuminuric
IDDM group, p < 0.001 for other groups).
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Normoalbuminuria ~ Microalbuminuria Proteinuria Healthy subjects
n 12 15 12 13
Sex (M/F) 3/9 11/4¢ 6/6 9/4

LDL-cholesterol (mmol/l)

ApoB (mg %)

LDL particle diameter (A)

LDL mass (mg/dI) 231.6 (182.9-420.1)
Light LDL mass (mg/dl) 165.9 (145.2-329.8)
Dense LDL mass (mg/dl) 64.5 (26.3-105.7)

Light LDL cholesterol (mg/dl)

Dense LDL cholesterol (mg/dl)

Light LDL apolipoprotein B (mg/dl)
Dense LDL apolipoprotein B (mg/dl)
LDL peak density (g/ml)

231 (2.03-4.31)
81.6 (68.6-98.4)
265° (254-279)

71.3 (61.1-117.4)
25.7 (10.8-35.3)
32.9 (29.0-47.5)
14.9 (6.0-20.8)

1.0298

3.36° (2.54-5.74)

87.3 (58.3-129.2)

256 (248-282)

334.6° (185.7-512.8)
244.9¢ (123.9-368.1)
75.8 (41.6-186.4)

101.7 (45.8-163.3)¢

282 (15.8-87.1)

46.0 (24.4-63.2)°

15.1 (9.4-37.6)
1.0312

3.66° (2.69-5.40)
98.3 (73.7-143.4)
2554 (244-267)
319.4° (202.3-531.6)
218.8 (158.8-384.7)
79.7 (43.5-180.5)
100.8 (59.2-170.9)
36.7 (13.9-79.0)
41.5 (31.2-78.1)¢
17.7 (8.4-34.7)
1.0327

3.10 (1.98-4.70)
88.3 (77.0-124.3)
256 (228-266)

282.5 (183.2-415.0)
190.1 (128.9-316.3)

69.3 (31.2-209.2)
88.5 (56.5-138.8)
30.7 (13.0-92.8)
36.9 (27.2-55.7)
15.8 (7.9-46.7)

1.0327

2p <0.05and °p <0.01 vs healthy subjects; ¢p <0.05, ¢p <0.01 and ¢ p <0.001 vs normoalbuminuria

Values are medians (range)

Light LDL, LDL with density 1.0212-1.0343 g/ml; Dense LDL, LDL with density 1.0360-1.0650 g/ml

Table 4. Percentage distribution of cholesterylesters, free cholesterol, triglycerides, phospholipids and apolipoprotein B in the LDL
separated by density gradient ultracentrifugation in IDDM patients with

Normoalbuminuria Microalbuminuria Proteinuria Healthy subjects
n 12 15 12 13
Cholesterylesters 28.5 (22.6-31.7) 29.0 (14.3-31.9) 27.8 (23.7-33.0) 31.8 (26.4-34.8)
Free cholesterol 13.1 (10.2-14.4) 13.4 (8.2-30.0) 11.5 (8.8-21.8) 13.0 (8.9-15.8)
Triglycerides 12.1 (6.6-15.6) 11.6 (3.1-18.1) 11.4 (6.4-18.4)" 7.5 (4.7-15.2)
Phospholipids 27.1(23.3-42.4) 27.3 (18.3-44.5) 26.3 (23.2-38.9) 28.0 (24.9-30.4)
Apolipoprotein B 19.6 (12.7-23.5) 19.7 (15.2-21.2) 19.7 (15.2-21.4) 20.4 (12.6-22.3)

ap <0.05and ° p <0.01 vs healthy subjects
Values are medians (range)

LDL density

LDL density distribution profiles of the four subgroups
are presented in Figure 3. Although the profiles were
similar, LDL peak densities displayed a shift to higher
density with increasing albuminuria. In both microal-
buminuric and proteinuric IDDM subjects total LDL
mass was elevated (p < 0.05 for both) compared to nor-
moalbuminuric IDDM subjects. Examination of L.DL
subclasses revealed that the absolute increase of LDL
mass was mainly due to that of light LDL (Table 3).
Concentration of apoB in the light LDL was increased
in microalbuminuric and proteinuric IDDM groups by
40% and 26 %, respectively, compared to normoalbu-
minuric IDDM group (p <0.01 and p <0.05, respec-
tively, Table 3). Also the cholesterol concentration in
the light LDL was higher in microalbuminuric and pro-
teinuric IDDM patients than in normoalbuminuric
IDDM patients (p <0.01 and p <0.05, respectively,
Table 3). In the control group light LDL represented
72% (43-87 %) of LDL mass and that of dense LDL
only 28 % (13-57 % ). Relative percentages of light and
dense LDL subfractions from the total I.DL mass did
not differ between the four groups (74 % and 26 % in
normoalbuminuric, 76% and 24% in microalbu-
minuric and 74% and 26% in proteinuric IDDM

group).

LDL composition

The percentage of cholesterylesters in LDL. was de-
creased but that of triglycerides was increased in nor-
moalbuminuric IDDM patients compared to that of
healthy control subjects (p < 0.05 and 0.01, respective-
ly, Table 4). The percent content of triglycerides was in-
creased also in microalbuminuric and proteinuric
IDDM patients compared to the non-diabetic control
group (p <0.05 for both, Table 4). The triglyceride to
apoB weight ratio was significantly higher in the three
diabetic groups than in the group of healthy control
subjects [0.60 (0.39-1.01), 0.56 (0.15-1.08) and 0.58
(0.31-0.97) vs 0.37 (0.21-1.20), p <0.05 for all]. Choles-
teryl esters and free cholesterol to apoB as well as cho-
lesteryl ester to triglyceride weight ratios were similar
in all groups (data not shown). Besides triglyceride en-
richment in diabetic groups there were no other signifi-
cant differences in the composition of LDL between
the four groups (Table 4).

Discussion
Dyslipidaemia in our IDDM patients with both micro-

albuminuria and moderate proteinuria manifested as
elevations of serum total and LDL cholesterol concen-
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trations and lowering of HDL-cholesterol concentra-
tion. Our results are consistent with previous observa-
tions on serum lipids and lipoproteins in diabetic ne-
phropathy [10-13]. The fact that the elevations in
serum total and VLDL-triglycerides and in apoB con-
centrations in microalbuminuric and proteinuric
IDDM subjects were not as clear as in some other
studies probably reflects the fact that proteinuria was
moderate in our proteinuric IDDM group.

In this study we found that in normoalbuminuric
IDDM patients LDL particles were larger and less
dense than in non-diabetic control subjects. This
change together with lowering of LDL mass can be
considered to be anti-atherogenic. In IDDM patients
with micro- and macroalbuminuria LDL particle
diameters of the major LDL peak were comparable to
those in non-diabetic subjects. In this study LDL par-
ticle size was closely correlated with serum total and
VLDL-triglycerides as well as with HDL-cholesterol
concentration. More bouyant LDL in normoalbu-
minuric IDDM patients is thus explained by concomi-
tant changes of VLDL and HDL as compared to non-
diabetic subjects. Overall, our data agree with recent
evidence that the prevalence of small dense LDL is re-
lated to hypertriglyceridaemia and decrease of HDL-
cholesterol concentration [22, 34]. It is hypothesized
that a high concentration of VLDL-triglycerides causes
an increase in CETP-mediated transfer of cholesteryl
esters and triglycerides between VLDL and LDL [18].
Triglyceride-enriched LDL serves as a good substrate
for hepatic lipase, which hydrolyses LDL-triglycerides
resulting in formation of small dense LDL particles
[35]. Therefore, the clinical relevance is that hypertri-
glyceridaemia in IDDM patients with nephropathy
could be associated with preponderance of small dense
LDL, which is acknowledged to be a risk factor for
CHD. The increased atherogeneity of small dense
LDL is assumed to be due to its altered catabolism as
well as to its increased susceptibility to oxidation [36—
39]. On the other hand, there is growing evidence that
the LDL subclass patternis also genetically determined
although the exact magnitude of genetic influence on
the variation of LDL size is unclear [40]. Also environ-
mental factors such as diet, exercise and use of -
adrenergic blockers contribute to alterations of LDL
particle size [34,41, 42].

Abnormalities in the composition of LDL in nor-
moalbuminuric IDDM patients ie. decreased choleste-
rylesters and increased triglyceride percent content,
are consistent with results reported by James and Po-
metta [43]. However, the increase of triglycerides in the
LDL of IDDM patients was not observed by Bagdade
et al. [44]. Chapman et al. [45] have shown that in-
creased density and small particle size of LDL are con-
nected with higher percentage content of apoB, low-
ered cholesteryl ester content and decreased ratio of
lipid to apoB in LDL. In line with this observation the
total lipid to protein ratio of LDL tended to be higher
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and the LDL peak particle size was larger in our nor-
moalbuminuric diabetic group compared to the non-
diabetic control group. In the present study the trigly-
ceride enrichment of LDL persisted also in microalbu-
minuric and proteinuric IDDM groups. Overall we ob-
served no other compositional changes of LDL be-
tween the three diabetic groups. The data is consistent
with the study by Winocour et al. [46] who also could
not detect any major compositional changes of LDL in
nephropathy.

Our data demonstrated an increase of LDL mass in
IDDM patients with incipient and established diabetic
nephropathy. This increase of LDL occurred primarily
in the light LDL which were 48 % and 32 % higher in
the microalbuminuric and in the proteinuric IDDM
group, respectively, compared to the normoalbu-
minuric IDDM group. Elevation of dense LDL was
less prominent; 18% in the microalbuminuric and
24% in the proteinuric IDDM group. However, the
relative percentages of light and dense LDL from the
total LDL mass did not differ significantly between
the three diabetic groups. The elevation of apoB in the
light LDL suggests that the number of these LDL par-
ticles is increased. This is further supported by the fact
that no major compositional changes were found in
the LDL between the three diabetic groups. Overall,
higher numbers of LDL particles in the circulation in-
dicate increased atherogeneity. Why is LDL mass in-
creased in patients with incipient or established
diabetic nephropathy? Dullaart et al. [47] have ob-
served an increased cholesterylester transfer activity
in IDDM patients with microvascular and macrovas-
cular complications. In these patients the cholestery-
lester transfer activity correlated positively with serum
total, VLDL and LDL cholesterol as well as with apoB
concentrations suggesting a role for CETP in the de-
velopment of dyslipidaemia in these diabetic compli-
cations. In line with this we observed an inverse corre-
lation (r = —0.42, p <0.01) between fasting VLDL
triglycerides and esterified cholesterol to triglyceride
mass ratio in LDL of our IDDM subjects. Conse-
quently the driving force could be increased choleste-
rol ester transfer activity. On the other hand Warwick
et al. [48] have shown that proteinuria in non-diabetic
patients with the nephrotic syndrome is associated
with a defect in LDL catabolism via receptor-medi-
ated pathway. When the disease progresses to gross
proteinuria there is also oversynthesis of VLDL,
which further exacerbates dyslipidaemia and leads to
elevation of triglyceride levels [48]. Other studies im-
plicate that the prodcution of LDL apoB is also in-
creased in the nephrotic syndrome [49, 50]. These re-
sults may not be directly extrapolated to diabetic ne-
phropathy, and kinetic studies need to be performed in
patients with diabetic nephropathy.

In conclusion the data suggest that increase of LDL
mass in incipient and established diabetic nephropathy
is due to the increased number of LDL particles with-
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out compositional changes. In the present study the
microalbuminuric and proteinuric IDDM patients had
only moderate proteinuria and presented no marked
alterations of serum triglycerides. Nonetheless, LDL
particle size was closely related to serum triglyceride
concentration within each group. The recent recogni-
tion of the preponderance of small dense LDL within a
range of triglyceride values below the therapeutic tar-
get values emphasizes the fact that fasting triglycerides
should be maintained as low as possible in IDDM pa-
tients with diabetic nephropathy and at high risk of
CHD.
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