
LIPIDS AND LIPOPROTEINS IN DIABETIC 
ADOLESCENTS AND YOUNG ADULTS 

WITH RETINOPATHY 

A. VERROTTI\ L. LOBEFAL02, F. CHIARELLI\ L. MASTROPASQUA2, R. PALLOTTA\ 
L. COLANGEL02, G. MORGESE3 and P. E. GALLENGA2 

Chieti and Siena, Italy 

SUMMARY 

Purpose: To compare serum concentrations of lipopro
teins and apolipoproteins in insulin-dependent diabetic 
patients with and without retinopathy. 
Methods: A cross-sectional study was performed on 42 
diabetic adolescents and young adults with different 
degrees of retinopathy. The mean ± SD age of the 
patient was 21.1 years (range 12.8-27.9 years); their 
mean duration of diabetes was 12.3 years (range 7.1-
19.9 years). Their glycosylated haemoglobin (HbAle) 
and fructosamine were respectively 10.2% (8.2-15.4%) 
and 280.8 ILmoIlI (202.1-458.5 ILmoIlI). Forty-two 
diabetics without retinopathy similar to the study 
popUlation as regards age, sex, duration of disease, 
HbAle and micro albuminuria values, and 42 healthy 
subjects, served as controls. 
Results: Serum lipid and lipoprotein concentrations 
were not different from those of healthy controls in 
patients either with or without retinopathy. The 
diabetic patients were subdivided in two groups 
according to the degree of their retinopathy: back
ground and preproliferative/proliferative retinopathy. 
Patients with preproliferative/proliferative retinopathy 
were found to have significantly higher lipoprotein (a) 
values than the other group (background, 73.3 fUJI; 
preproliferative/proliferative, 205.9 fUJI; p<O.OOI). 
Conclusion: The increase in lipoprotein (a) levels might 
play a role in the development of severe retinopathy. 

Retinopathy has been described in about 90% of 
patients with insulin-dependent diabetes mellitus 
(IDDM) after 15 years of established disease; about 
40% of IDDM patients will develop proliferative 
retinopathy after 30 years of disease. Several factors 
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besides duration of disease have been shown to be 
associated with severe retinopathy, such as HLA 
haplotypes, degree of metabolic control and higher 
blood pressure.1-3 However, the cause of progression 
of retinopathy cannot be completely explained by 
HbA1c and the other known parameters.4 

Plasma lipid and lipoprotein patterns have been 
found to be deranged in patients with diabetes 
mellitus,5-13 and many recent reports have shown 
unaltered or abnormal levels of high density lipo
protein (HDL) cholesterol, low density lipoprotein 
(LDL) cholesterol and apolipoproteins in diabetic 
patients with retinopathy.14-17 The reports regarding 
the association of elevated serum lipid levels with 
different degrees of diabetic retinopathy are conflict
ing. It has been suggested that increased levels of 
serum lipids can be associated with severe exudative 
retinopathy;18 furthermore, higher lipid levels have 
been found in patients with retinopathy than in those 
without,19-21 suggesting that they may play a role in 
its development, but other investigators have failed 
to confirm this relationship.4,14,15,22,23 In type 1 
diabetic patients, high levels of serum cholesterol 
seem to be unrelated to diabetic retinopathy, 
whereas other authors have found high levels of 
serum triglycerides in patients with retinopathy,z4-26 

The present study was conducted to investigate the 
presence of changes in lipid and lipoprotein levels in 
type 1 diabetic patients with and without retinopathy. 

SUBJECTS AND METHODS 

Subjects 
The trial included 42 adolescents and young adults 
with diabetic retinopathy of different degree, who 
were attending the regional Paediatric Diabetic 
Centre and the Department of Ophthalmology of 
the University of Chieti; 27 had background retino
pathy and 15 preproliferative or proliferative retino
pathy. 
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The patients were selected according to the 
following criteria: 

1. duration of disease greater than 5 years and C
peptide (both basal and after glucagon stimulus) 
negative; 

2. visual acuity greater than 20/40; 
3. clear dioptric media; 
4. absence of other ocular pathologies; 
5. absence of obesity defined as weight greater than 

120% the average weight for height; 
6. absence of thyroid, liver and metabolic diseases; 
7. a fluorescein angiogram performed in the previous 

3 months. 

Forty-two sex- and age-matched diabetics without 
retinopathy and 42 sex- and age-matched healthy 
subjects were also enrolled using the same inclusion 
criteria (with the exception of point 7 for healthy 
controls). The demographic data of the evaluated 
groups are reported in Table 1. The patients or their 
parents gave their informed consent to participate in 
the study. 

Because it has been described that persistent 
micro albuminuria, duration of disease and glycosy
lated haemoglobin may have a role in the develop
ment of diabetic retinopathy and can modify serum 
lipids and lipoprotein values,27-29 the diabetic sub
jects without retinopathy were selected for their 
metabolic characteristics, which were not signifi
cantly different from those found in the group of 
patients with retinopathy: their HbAlc was 9.8% ± 

5.5% (8.4%-15.3%) and fructosamine 281.8 ± 176.5 
f.1mol (199-461) f.1mol; the daily insulin requirement 
was similar in patients with retinopathy and controls. 
The HbAlc values were calculated as the means of 
the values of the last year before the beginning of the 
study. The duration of disease of the control subjects 

was similar to that of diabetic patients with retino
pathy, as well as the albumin excretion rate. 

No patient in our study was taking substances such 
as oral contraceptives or other drugs that can 
influence serum lipid levels, and none of them 
smoked. None of the patients had severe hypergly
caemia (glycaemia ranged from 85 to 150 mg/dl) or 
ketoacidosis at the time of sampling. All diabetics 
and controls had normal blood pressure. 

All diabetics followed a optimised insulin regimen 
with three or four injections per day of human 
insulin. All diabetic patients had received standard 
dietary advice (isocaloric diet with adequate amount 
of carbohydrate and calories derived from about 55-
60% carbohydrate, 30% fat and 12-15% protein). 
Moreover, specific advice concerning the usefulness 
of polyunsaturated fats in preference to animal fats 
and of fibre (roughage) in the diet had been given to 
all diabetics. 

Methods 

In all patients diabetic retinopathy was assessed by 
stereoscopic eye fundus photography and fluorescein 
angiography. Fluorescein angiography was per
formed with a Kowa RC-XF fundus camera after 
quick injection of 2 ml of 20% sodium fluorescein 
into the antecubital vein. Angiograms were taken 
with ASA 400 black-and-white film developed at 
ASA 1200: retinopathy was classified into back
ground, preproliferative or proliferative.30,31 

The measurement of HbA1c was performed by 
high-pressure liquid chromatography (HPLC; 
BioRad Laboratories, USA); fructosamine was 
measured by radioimmunoassay (RIA; Pharmacia, 
Sweden). 

Table I. Relevant data and serum lipid and lipoprotein values of diabetes with and without retinopathy and controls 

No. of patients 
Sex (M:F) 
Age (years) 
Body mass index (kg/m2) 
Duration of diabetes (years) 
Insulin dose (U/kg/day) 
Fructosamine (f.Lmo/l) 
HbA1c (%) 
Serum cholesterol (mmol/I) 
Serum triglycerides (mmol/I) 
LDL cholesterol (mmol/I) 
VLDL (mmol/l) 
HDL cholesterol (mmol/I) 
HDLz cholesterol (mmol/I) 
HDL3 cholesterol (mmol/I) 
Lipoprotein (a) (IU/I) (range) 
Apolipoprotein B (g/I) 
Albumin excretion rate (f.Lg/min) 

NS, not significant. 

Without 
retinopathy 

42 
20:22 

19.1 2: 6.1 
21.3 2: 2.7 
11.1 2: 8.8 

1.1 2: 0.9 
281.8 2: 176.5 

9.8 2: 5.5 
5.9 2: 1.1 
1.4 2: 0.7 
2.7 2: 1.4 
0.6 2: 0.3 
1.3 2: 0.4 
0.9 2: 0.7 
0.7 2: 0.6 

90.9 (29-910) 
1.07 2: 0.9 
30.1 2:24.7 

Diabetics 

With 
retinopathy 

42 
20:22 

21.1 2: 5.6 
21.1 2: 2.5 
12.3 2: 7.5 
1.02 2: 0.7 

280.8 2: 177.9 
10.2 2: 5.1 

5.7 2: 1.3 
1.2 2: 0.5 
2.4 2: 1.6 
0.7 2: 0.2 
1.3 ± 0.3 
0.8 2: 0.5 
0.8 2: 0.4 

110.7 (27-1240) 
1.09 2: 0.7 
40.8 2:15.7 

Controls 

42 
23:19 

19.8 2: 4.8 
20.7 2: 2.8 

5.5 2: 0.9 
1.1 2: 0.6 
2.6 2: 1.3 
0.5 2: 0.2 
1.4 ± 0.5 
0.8 2: 0.4 
0.7 2: 0.5 

84.6 (25-754) 
1.04 2: 0.9 

p 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 



878 

Persistent microalbuminuria, a marker of incipient 
diabetic nephropathy,32 was defined as an albumin 
excretion rate greater than 20 f-Lg/min and less than 
200 f-Lg/min in at least two of three consecutive 
overnight urine collections. Albumin excretion rate 
was measured as previously described?3 

Lipids were measured in serum and the HDL
containing supernatant after precipitation of apo B 
containing lipoproteins. Cholesterol and triglycerides 
were measured enzymatically, as previously 
described31 using automated methods; LDL choles
terol was calculated by the Friedewald formula. 

HDL and HD� were isolated by ultracentrifuga
tion.34.35 The background density of plasma was 
adjusted to 1063 and 1125 gil, respectively, by 
adding a sodium chloride-potassium bromide solu
tion. The infranatants were obtained by tube slicing 
after ultracentrifugation at 100 000 g for 48 hours 
(L8M55 ultracentrifugation with 50.3 Ti rotor; 
Beckman). The concentration of cholesterol in 
HDLz was determined by subtracting HDL3-
cholesterol from total HDL-cholesterol.36 

In view of the possibility that lipoprotein (a) might 
interfere with the isolation of HDL by ultracentrifu
gation, HDL was also isolated by precipitation of 
other lipoproteins, including lipoprotein (a), with 
sodium phosphotungstate and magnesium chlor
ide?7,38 Total serum apolipoprotin B concentrations 
were determined by immunoelectrophoresis using 
goat-antiserum (Immuno, Dunton Green, Kent, 
UK). The within-batch coefficient of variation of 
the assay was 5.4%. 

Serum lipoprotein (a) concentrations were mea
sured using a two-site radioimmunometric assay 
(Pharmacia Diagnostics, Sweden). After hydrolysis 
and dilution, the serum sample was incubated with 
an excess of 125I-Iabelled anti-apo (a) monoclonal 
antibody and a different monoclonal antibody 
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coupled to micro-Sepharose. Antibody-antigen com
plexes were separated from unbound 1251 by cen
trifugation and their radioactivity was measured. A 
standard curve was drawn for each assay. The within
and between-assay coefficients of variation were 6% 
and 8%, respectively. Results are expressed in terms 
of the Pharmacia standard and are in units per litre. 

Statistical Analysis 

Results are expressed as the mean ± SD or medians 
and ranges for data not normally distributed; p 
values less than 0.05 were considered significant. All 
variables measured were checked for normality and 
the comparisons of data among groups were per
formed by analysis of variance for parametrically and 
non-parametrically distributed data, as appropriate. 
Adjustment for multiple comparisons was carried out 
using Duncan's method. 

RESULTS 

Serum lipid and lipoprotein concentrations were 
similar in the two diabetic subgroups and in healthy 
controls. In particular, the patients without retino
pathy and those with retinopathy showed no 
significant difference in lipoprotein (a) levels when 
compared with the healthy controls (90.9 lUll, range 
29-910 lUll in subjects without retinopathy; 110.7 
lUll, range 27-1240 lUll in subjects with retinopathy; 
84.6 lUll, range 25-754 lUll in healthy controls). 
Table I shows a comparison of the levels of serum 
lipids and lipoproteins between diabetic patients with 
and without retinopathy and controls. 

Table II shows the data of the retinopathy groups, 
classified according to the severity of retinopathy as 
either background or preproliferative/proliferative 
retinopathy. Comparing the levels of plasma lipids 
and lipoproteins in the retinopathy subgroups, we 
observed similar data in the two groups except for 

Table II. Relevant data and serum lipid and lipoprotein values of diabetics with background and preproliferative/proliferative 
retinopathy 

No. of patients 
Age (years) 
Body mass index (kg/m2) 
Duration of diabetes (years) 
Insulin dose (U/kg/day) 
Fructosamine (f.Lmolll) 
HbA1c (%) 
Serum cholesterol (mmol/l) 
Serum triglycerides (mmolll) 
LDL cholestrol (mmolll) 
VLDL (mmolll) 
HDL cholesterol (mmolll) 
HDLz cholesterol (mmolll) 
HDL3 cholesterol (mmol/l) 
Lipoprotein (a) (IU/I) (range) 
Apolipoprotein B (gil) 
Albumin excretion rate (f.Lg/min) 

ap = 0.026 versus background. 
Dp < 0.001 versus background. 

Background 
retinopathy 

27 
20.1 :!:: 5.7 
21.5 :!:: 2.9 
11.8:!:: 6.5 
1.02 :!:: 0.8 
280:!:: 175 
10.3 :!:: 4.9 
5.6 :!:: 1.4 
1.2 :!:: 0.5 
2.4 :!:: 1.7 
0.8 :!:: 0.4 
1.4 :!:: 0.3 
0.9:!:: 0.6 
0.7 :!:: 0.5 

73.3 (29-812) 
1.09 :!:: 0.9 
37.3 :!:: 18.3 

Preproliferativel 
proliferative retinopathy 

15 
23.0 :!:: 6.4 
21.9 :!:: 2.0 
16.9 :!:: 7.5a 
1.05 :!:: 0.6 
282:!:: 173 
10.1 :!:: 5.2 

5.8 :!:: 1.4 
1.3 :!:: 0.5 
2.5 :!:: 1.6 
0.7 :!:: 0.4 
1.2 :!:: 0.3 
1.0 :!:: 0.4 
0.9 :!:: 0.4 

205.9 (57-1240)b 
1.08 :!:: 0.8 
47.2 :!:: 20.6 
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Table III. Relevant data and serum lipid and lipoprotein values of matched subjects (diabetics without and with preproliferativel 
proliferative retinopathy) 

Without 
retinopathy 

Preproliferativel 
proliferative retinopathy 

No. of patients 
Age (years) 
Body mass index (kg/m2) 
Duration of diabetes (years) 
Insulin dose (U/kg/day) 
Fructosamine (jJ..mol/l) 
HbAlc (%) 

15 
22.4 ± 4.8 
20.3 ± 2.7 
15.4 ± 7.2 
1.01 ± 0.9 

15 
23.0 ± 6.4 
21.9 ± 2.0 
16.9 ± 7.5 
1.05 ± 0.6 
282 ± 173 
10.1 ± 5.2 

299.5 ± 199 

Serum cholesterol (mmolll) 
Serum triglycerides (mmol/l) 
LDL cholesterol (mmol/l) 
VLDL (mrnolll) 
HDL cholesterol (mmolll) 
HDLz cholesterol (mmolll) 
HDL3 cholesterol (mmolll) 
Lipoprotein (a) (IU/I) (range) 
Apolipoprotein B (gil) 

10.5 ± 5.1 
5.9 ± 1.9 
1.5 ± 0.8 
2.8 ± 1.8 
0.8 ± 0.6 
1.4 ± 0.7 
0.8 ± 0.7 
0.8 ± 0.6 

5.8 ± 1.4 
1.3 ± 0.5 
2.5 ± 1.6 
0.7 ± 0.4 
1.2 ± 0.3 
1.0 ± 0.4 
0.9 ± 0.4 

Albumin excretion rate (jJ..g/min) 

99.5 (68-910) 
1.08 ± 0.9 
38.6 ± 25.8 

205.9 (57-1240)a 
1.08 ± 0.8 
47.2 ± 20.6 

ap = 0.001 versus subjects without retinopathy. 

the lipoprotein (a) levels (background: 73.3 IU/I; 
preproliferative/proliferative: 205.9 IU/I), which were 
significantly higher in patients with preproliferative/ 
proliferative retinopathy than in the background 
retinopathy group (p<O.OOI). 

In order to exclude the possibility that the 
increased lipoprotein (a) concentration could be 
due to the long duration of disease of the retino
pathic diabetics, we compared diabetic patients with 
proliferative retinopathy with a selected group of 15 
diabetics without retinopathy with the same duration 
of disease (Table III). In this comparison we found 
higher lipoprotein (a) levels in the retinopathic group 
than in the matched group without retinopathy 
(p<O.OOI). 

DISCUSSION 

In the present study we evaluated the principal lipid 
parameters in order to detect any possible abnorm
alities in diabetics with retinopathy. 

Patients with retinopathy and persistent micro
albuminuria frequently show a long duration of 
disease and/or high glycosylated haemoglobin 
levels?9 To avoid the interference of these two 
variables in the assessment of our data, we selected a 
diabetic control population without retinopathy who 
had the same duration of disease and quality of 
metabolic control as the diabetics with retinopathy; 
moreover, these two groups of diabetic patients had 
the same albumin excretion rate. 

Our study shows that diabetic patients with 
retinopathy do not have any significant difference 
in serum levels of lipids and lipoproteins (a) when 
compared with patients without retinopathy and 
normal subjects. These data are in a§-reement with 
those of some other authors.6,14,24,25,4 ,41 In particu-
lar, Agardh et al.14 found no significant difference in 
the levels of cholesterol, triglycerides, HDL cholest-

erol and LDL cholesterol between patients with 
established proliferative retinopathy and patients 
without retinopathy. While the patients studied by 
Agardh et at.14 had similar insulin doses and did not 
differ regarding metabolic control as reflected by 
HbAlc levels, in the study by Hanna et al,z4 the 
patients with proliferative retinopathy had higher 
insulin doses as well as higher HbAlc levels. More
over, our study is also in agreement with Mohan et 

al.21 and Lapolla et al.42 and does not support the 
assumption that increased levels of serum trigly
cerides are associated with retinopathy. In contrast, 
other authors obtained different results: Dornan et 

al.43 showed that total cholesterol levels were higher 
in patients with proliferative retinopathy compared 
with background or no retinopathy, due to raised 
levels of LDL cholesterol, and Winocur et al.34 and 
Ritter et al.44 found significant lipoprotein (a) 
abnormalities in diabetic patients with retinopathy. 

In our study, when the patients were subdivided 
into two groups according to the severity of their 
retinopathy, we found that diabetic subjects with 
preproliferative/proliferntive retinopathy tended to 
have higher serum lipoprotein (a) levels than those 
with background retinopathy, in spite of similar 
metabolic control and insulin requirement. This 
difference cannot be explained by differences in 
blood glucose control, since the HbAlc concentration 
was comparable in the two groups. Moreover, the 
two groups of diabetics showed similar values of 
albumin excretion rate; these data exclude the 
possibility that the increased lipoprotein (a) can be 
due to the persistent microalbuminuria, as suggested 
by other studies.16,44 The disease duration of diabetic 
patients with proliferative/proliferative retinopathy 
was significantly longer than that of background 
retinopathy patients, as found in other studies,14,16 

but the most important factor14,16,24,25 that can affect 



880 

the concentration of lipoprotein (a) is the quality of 
metabolic control,26 not the duration of disease. 
However, we compared the patients with prolifera
tive retinopathy with matched subjects (with compar
able duration of disease) from the group of diabetic 
patients without retinopathy; this comparison 
allowed us to exclude the possibility that the 
increased lipoprotein (a) concentration was due to 
a longer duration of disease. These data are in 
agreement with those of Maioli et al. 16 and Kostraba 
et al.45 but not with those of Sinav et al.23 In 
particular, Maioli et al.16 found that serum lipopro
tein (a) was higher in the patients with active 
retinopathy than in those without clinically detect
able retinal lesion; there were no differences for total 
and HDL cholesterol, triglycerides or apoliproteins 
Al and B between diabetics with and without retinal 
lesions. 

According to the Wisconsin Epidemiologic Study 
of Diabetic Retinopathy,46 severity of retinopathy is 
related to long duration of disease, high levels of 
glycosylated haemoglobin, presence of proteinuria, 
high diastolic blood pressure and male sex; our study 
added to these risk factors the high level of 
lipoprotein (a), which may play a role in the 
development of severe retinopathy. 

Nevertheless, our results seem to be particularly 
noteworthy in view of the structural similarity 
between lipoprotein (a) and plasminogen,47 and a 
possible involvement of lipoprotein (a) in capillary 
occlusion.44,48 In fact, lipoprotein (a) may contribute 
to the development of severe retinopathy. If this 
hypothesis is confirmed, it will improve our knowl
edge on the pathogenesis of diabetic retinopathy and 
enable us to identify a group of patients who are at 
risk of developing this severe microvascular compli
cation. 

Key words: Type I diabetes, Lipoprotein (a), Retinopathy. 
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