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OBJECTIVE — Dyslipidemia contributes to the progression of microvascular disease in dia-
betes. However, different lipid variables may be important at different stages of nephropathy.
This study examines the pattern of dyslipidemia associated with the progression of nephropathy
in patients with type 1 diabetes.

RESEARCH DESIGN AND METHODS — A total of 152 patients with type 1 diabetes
were recruited in order to represent various phases of nephropathy. Patients were followed for
8–9 years, during which time they received standard care. Renal progression was defined a priori
as a doubling in albumin excretion (in patients with normo- or microalbuminuria) or a decline
in creatinine clearance (in those with macroalbuminuria). A panel of lipid variables was deter-
mined and correlated with indexes of progression.

RESULTS — In patients with normoalbuminuria (n � 66), progression was associated with
male sex (P � 0.05), borderline albuminuria (P � 0.02), and LDL-free cholesterol (P � 0.02).
In patients with microalbuminuria (n � 51), progression was independently associated with
triglyceride content of VLDL and intermediate-density lipoprotein (both P � 0.05). In patients
with macroalbuminuria (n � 36), a significant decline in the renal function (�3 ml � min�1 �
year�1) was independently associated with poor glycemic control, hypertension, and LDL size
(P � 0.05). When all patients with progressive nephropathy were analyzed together, only LDL
cholesterol was predictive on multivariate analysis (P � 0.05), which masked the importance of
triglyceride enrichment in microalbuminuria.

CONCLUSIONS — Lipid variables are associated with progression of diabetic kidney dis-
ease, but the relationship is not the same at all stages. This finding has implications for the design
of renoprotective strategies and the interpretation of clinical trials in type 1 diabetes.
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The control of blood lipids is one of
the cornerstones in the treatment of
type 1 diabetes. Apart from effects

on macrovascular outcomes (1), dyslipi-
demia potentially contributes to micro-
vascular disease (2,3). Prospective studies
have confirmed a link between serum lip-
ids and nephropathy (4–10), although
lipid fractions measured in these studies
have been limited, and parameters asso-

ciated with kidney disease have not been
consistently identified (8,9). It remains to
be established which lipids or lipopro-
teins are most important in the pathogen-
esis of nephropathy and should therefore
be targeted for intervention. Further-
more, it may be that different lipid vari-
ables are important at different stages of
diabetic kidney disease. For example,
triglycerides and cholesterol appeared to

have different effects on the progression
of nephropathy, depending upon the du-
ration of diabetes (10). Consequently,
this study makes a detailed examination
of the pattern of dyslipidemia associated
with the progression of nephropathy, at
each stage of renal disease, in patients
with type 1 diabetes followed for 8–9
years.

RESEARCH DESIGN AND
METHODS — A total of 153 Cauca-
sian patients with type 1 diabetes, includ-
ing 84 men and 69 women, were
recruited from Guy’s Hospital and Kings
College Hospital (n � 75) and Helsinki
University Central Hospital (n � 78). Se-
lection criteria for this study have been
previously described (4,11–13). Briefly,
66 patients with normoalbuminuria, 51
with microalbuminuria, and 36 with
macroalbuminuria were recruited in or-
der to represent various phases of diabetic
nephropathy. The three groups were
matched for age, diabetes duration, and
glycemic control (4). Other patient char-
acteristics have been previously reported
(4) and are also provided in the online
appendix (available at http://care.diabetes
journals.org). Patients on lipid-lowering
therapy, diuretics, or �-blockers at base-
line were excluded. Participants were
then followed for a mean of 8.7 years,
during which time they received standard
care, including the use of lipid-lowering
agents where appropriate.

Full methods of baseline examination
have been published elsewhere (4,11–
13). Briefly, clinical data were obtained
from patient records, including age, sex,
duration of diabetes, medication history,
anthropometric indexes, insulin dose,
and the presence of microvascular com-
plications. Blood pressure was deter-
mined from three separate measurements
in the sitting position. Urinary albumin
excretion rate (AER) was derived from
overnight urinary albumin measurement
and expressed as the geometric mean of
three consecutive collections. Nor-
moalbuminuria was defined by an AER
�20 �g/min, microalbuminuria by an
AER between 20 and 200 �g/min, and
macroalbuminuria by an AER �200 �g/
min (4). Creatinine clearance was deter-
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medicum Helsinki, University of Helsinki, Haartmaninkatu 8, PoB 63, FIN-00014, Finland. E-mail:
per-henrik.groop@helsinki.fi.

Received for publication 4 May 2005 and accepted in revised form 1 November 2005.
Additional information for this article can be found in an online appendix at http://

care.diabetesjournals.org.
Abbreviations: AER, albumin excretion rate; apo, apolipoprotein; IDL, intermediate-density lipoprotein.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion

factors for many substances.
© 2006 by the American Diabetes Association.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby

marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

P a t h o p h y s i o l o g y / C o m p l i c a t i o n s
O R I G I N A L A R T I C L E

DIABETES CARE, VOLUME 29, NUMBER 2, FEBRUARY 2006 317

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/29/2/317/593825/zdc00206000317.pdf by guest on 18 April 2024



mined using the Cockroft Gault formula
and adjusted for body mass.

Lipid variables
Lipid parameters were measured in fast-
ing serum samples as previously de-
scribed (4,11–13). Total cholesterol,
unesterified free cholesterol triglycerides,
and phospholipid concentrations in
whole serum and lipoprotein fractions
were measured enzymatically using a Co-
bas autoanalyzer. Serum lipoprotein frac-
tions, including chylomicrons, VLDL,
intermediate-density lipoprotein (IDL),
and LDL were separated by sequential
preparative ultracentrifugation (11). The
sum of all components in each lipoprotein
fraction was used to estimate the mass
concentration of each lipoprotein.

Serum apolipoprotein (apo)B con-
centrations were determined by immuno-
assay (Orion, Espoo, Finland) after
separation from other apoproteins by iso-
propanol. ApoB-containing triglyceride-
rich lipoprotein particles, VLDL1 (Sf 60–
400), VLDL2 (Sf 20–60), and IDL (Sf 12–
60) were isolated using density gradient
ultracentrifugation. LDL size was re-
solved using nondenaturing gradient gel
electrophoresis. Composition and density
distribution of LDL was ascertained by
density gradient ultracentrifugation, as
previously described (11). Postheparin li-
poprotein lipase and hepatic lipase activ-

ity were measured in samples taken 15
min after an intravenous bolus of heparin
(100 IU/kg body wt) and expressed as mi-
cromoles of free fatty acid per milliliter
per hour, using an established immuno-
assay (4).

End points
The primary study outcome, progression
of diabetic nephropathy, was defined a
priori in patients with normo- or mi-
croalbuminuria at baseline as a doubling
in AER that had to exceed 10 �g/min.
When dealing with small patient num-
bers, this definition avoids the lead-time
bias inherent in categorical analysis and
appropriately considers albuminuria as a
continuous variable. In patients with es-
tablished macroalbuminuria, change in
creatinine clearance was used as the pri-
mary outcome measure because disease
progression in these patients sees a de-
cline in creatinine clearance rather than
change in AER. The natural history of di-
abetic nephropathy is associated with a
decline in creatinine clearance of 10–12
ml � min�1 � year�1, which is reduced to
�3–4 ml � min�1 � year�1 with conven-
tional treatment. For the purpose of our
study, progression was defined as a de-
cline in renal function of �3 ml � min�1 �
year�1.

Statistical analysis
Continuous data are expressed as
means � SE. Nonparametric variables
were handled as log derivatives. Differ-
ences in continuous variables were com-
pared using Student’s t tests. Multivariate
logistic regression was used to analyze as-
sociations between baseline variables and
the primary outcome. The same panel of
lipid measurements at baseline was used
to analyze associations within baseline
categories, except where lipid variables
were significantly associated with one an-
other (Pearson P � 0.05) and where only
one variable from each “factor” of associ-
ated variables was entered into the model
at any one time.

RESULTS — The baseline characteris-
tics of this study population have been
previously described (4). Sixty-six pa-
tients had normoalbuminuria, 51 had
microalbuminuria, and 36 had macro-
albuminuria. These groups were matched
for age (38 � 1 year) and age of onset
(13 � 1 year). Within each group, there
was no significant difference between the
duration of diabetes (23 � 1 year), mean
insulin dose (0.7 � 0.1 unit � kg�1 �
day�1), or glycemic control at baseline
(HbA1c 8.3 � 0.1%) (4,11–13). At the
study baseline, no patients were receiving
lipid-lowering therapy, but, during the
study, 20 patients subsequently received
statin therapy, as indicated by then cur-
rent guidelines. Sixty-one percent of pa-
tients were receiving antihypertensive
agents at the study end point, including
55% receiving an ACE inhibitor. No pa-
tients in this study received angiotensin
receptor blockers.

Patients with normoalbuminuria at
baseline
Follow-up data were available for 61 pa-
tients with normoalbuminuria at baseline
(n � 61 of 66 [92%]). Two patients died,
and three were lost to follow-up. Over the
8 years of follow-up, 14 patients (23%)
more than doubled their AER and ex-
ceeded 10 �g/min, such that 12 patients
had an AER within the range of mi-
croalbuminuria. The characteristics of
these patients are shown in Table 1. Pa-
tients whose AER increased during the
study had a higher AER at baseline than
those who did not progress. There was no
difference in treatment at baseline be-
tween patients who progressed and those
who did not. However, progressing pa-
tients were more likely to be using an ACE
inhibitor (42 vs. 20%, P � 0.02) or a sta-

Table 1—The association of baseline clinical data and lipid variables with progression in
patients with normoalbuminuria

Nonprogressors Progressors

n 47 14
Baseline AER (geometric mean) (�g/min) 5.1 9.5
End point AER (geometric mean) (�g/min) 7.1 63
Baseline CrCl (ml/min per 1.73 m2) 99 � 2 105 � 6
End point CrCl (ml/min per 1.73 m2) 100 � 3 96 � 4
Sex (% male) 78 40*†
HbA1c (%) 7.8 � 0.2 8.1 � 0.3
Blood pressure (mmHg) 121/78 � 2/1 120/76 � 3/2
LDL cholesterol (mmol/l) 2.6 � 0.1 3.4 � 0.3*†
Non-HDL cholesterol (mmol/l) 3.0 � 0.1 3.8 � 0.2*
Triglycerides (mmol/l) 0.97 � 0.09 0.96 � 0.07
HDL cholesterol (mmol/l) 1.6 � 0.1 1.5 � 0.1
LDL free cholesterol (mmol/l) 0.74 � 0.02 0.92 � 0.07*†
LDL mass (mg/dl) 296 � 9 373 � 23*†
ApoAI (mg/dl) 155 � 3 138 � 5*†
LDL size (nm) 25.7 � 0.1 25.9 � 0.2
LPL15 (�mol FFA � ml�1 � h�1) 39 � 1 37 � 3
HL15 (�mol FFA � ml�1 � h�1) 25 � 1 30 � 4

Data are means � SE unless otherwise indicated. *Progressors vs. nonprogressors, univariate P � 0.05.
†Progressors vs. nonprogressors, adjusted P � 0.05. CrCl, creatinine clearance; FFA, free fatty acid; HL15,
hepatic lipase 15 min after an intravenous bolus of heparin; LPL15, lipoprotein lipase 15 min after an
intravenous bolus of heparin.
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tin (35 vs. 9%, P � 0.01) at end point,
reflecting the development of an indica-
tion for intervention.

Progression in patients with nor-
moalbuminuria at baseline was indepen-
dently associated with an elevated
baseline LDL cholesterol. Other lipid
variables, including non-HDL choles-
terol, LDL mass, LDL cholesterol ester,
and free cholesterol content apoAI and
-AII, were also associated with progres-
sion (all P � 0.05 after adjusting for other
risk factors). Of these factorially associ-
ated variables, LDL-free cholesterol had
the strongest relationship to progression.
On multivariate logistic analysis, adjust-
ing for other variables, independent pre-
dictors for progression were male sex
(P � 0.05), albuminuria in the high-
normal range (10–20 �g/min, P � 0.02),
and LDL-free cholesterol (P � 0.02). Sub-
stitution of any other of the LDL-
associated lipid variables did not
significantly detract from the predictive
value of the model, with dyslipidemia ex-
plaining �9% of the variation in the rate
of progression, after correcting for other
variables.

Patients with microalbuminuria at
baseline
Follow-up data were available for 40 pa-
tients with microalbuminuria at baseline
(n � 40 of 51 [78%]). Four patients died,
and seven were lost to follow-up. At fol-
low-up, 15 patients (38%) more than
doubled their AER, including 8 patients
with an AER within the range of mac-
roalbuminuria. The characteristics of the
patients who progressed are shown in Ta-
ble 2. Patients with microalbuminuria
who progressed had a lower creatinine
clearance at baseline, which declined dur-
ing follow-up (�2–3 ml � min�1 � year�1

vs. baseline, P � 0.05). Creatinine clear-
ance did not change in patients whose
AER did not increase. There was no dif-
ference in medical treatment at baseline
between patients who subsequently pro-
gressed and those those who did not
progress. Patients who progressed were
more likely to use an ACE inhibitor (93
vs. 64%, P � 0.02) at end point, although
the use of lipid-lowering therapy was sim-
ilar (29 vs. 21%, P � NS).

Progression in patients with mi-
croalbuminuria was independently asso-
ciated with triglyceride content of VLDL
and IDL (both P � 0.05, adjusted for sex,
baseline creatinine clearance, and medi-
cation history) (Table 2). Baseline lipid
variables associated with the triglyceride

content of VLDL and IDL were also linked
to progression. For example, the choles-
terol ester content of these particles was
inversely associated with the particle tri-
glyceride content (data not shown). How-
ever, there was no association between
progression and VLDL or IDL mass (both
P � 0.3). Overall, patients with triglycer-
ide-enriched particles had a greater risk of
progression than those with lower triglyc-
eride content, independent of the total or
particulate triglyceride level. In this set-
ting, dyslipidemia explained �19% of the
variation in the rate of progression. Nota-
bly, standard lipid variables failed to pre-
dict the risk for progression attributable
to dyslipidemia. Nonetheless, the triglyc-
eride content of the lipoprotein particles
was significantly correlated with total se-
rum cholesterol (P � 0.05).

Patients with macroalbuminuria at
baseline
Follow-up data were available for 30 pa-
tients with macroalbuminuria at baseline
(n � 30 of 36 [86%]), with 1 patient lost
to follow-up and 5 deaths. All patients
received standard care that included an
ACE inhibitor. Nevertheless, 12 patients
(39%) experienced a decline in their renal
function of �3 ml � min�1 � year�1, in-
cluding 2 who required dialysis. The
characteristics of the patients who pro-

gressed are shown in Table 3. Patients
with macroalbuminuria who experienced
a progressive decline in renal function
had similar AER, creatinine clearance,
and glycemic control at baseline com-
pared with those who did not progress.
However, pulse pressure was higher in
patients with macroalbuminuria who
progressed, as was the prevalence of
smoking (both P � 0.05). There was no
significant difference in the use of lipid-
lowing therapy between patients who
subsequently progressed and those who
did not.

None of the standard lipid variables
were independently correlated with renal
progression in patients with macroalbu-
minuria at baseline (Table 3). However,
LDL size was independently correlated
with progression, after adjusting for other
risk factors (P � 0.05). This association
was independent to LDL mass and other
indexes of LDL quantity, including LDL
cholesterol. In patients with macroalbu-
minuria at baseline, LDL size was corre-
lated with postheparin hepatic lipase
activity, HDL cholesterol, and serum
triglycerides (all P � 0.01) but not cho-
lesteryl ester transfer protein or lipopro-
tein lipase activity. However, none of
these factors individually explained the
association between LDL size and pro-
gressive nephropathy. In addition, there

Table 2—The association of baseline clinical parameters and lipid variables with progression
in patients with microalbuminuria

Nonprogressors Progressors

n 25 15
Baseline AER (geometric mean) (�g/min) 52 50
End point AER (geometric mean) (�g/min) 35 407
Baseline CrCl (ml/min per 1.73 m2) 84 � 3 74 � 4*
End point CrCl (ml/min per 1.73 m2) 77 � 4 57 � 5*
Sex (% male) 66 40
HbA1c (%) 8.1 � 0.3 8.5 � 0.3
Blood pressure (mmHg) 129/80 � 4/2 133/81 � 4/1
LDL cholesterol (mmol/l) 3.2 � 0.2 3.2 � 0.3
Non-HDL cholesterol (mmol/l) 3.6 � 0.2 3.8 � 0.3
Triglycerides (mmol/l) 1.12 � 0.08 1.13 � 0.12
HDL cholesterol (mmol/l) 1.6 � 0.1 1.4 � 0.1
VLDL triglyceride content (%) 47 � 1 54 � 2*†
IDL triglyceride content (%) 25 � 1 32 � 2*†
VLDL mass (mg/dl) 89 � 16 107 � 12
IDL mass (mg/dl) 41 � 5 47 � 7
VLDL triglycerides (mmol/l) 0.52 � 0.11 0.57 � 0.07
LPL15 (�mol FFA � ml�1 � h�1) 35 � 2 39 � 4
HL15 (�mol FFA � ml�1 � h�1) 30 � 3 31 � 3

Data are means � SE unless otherwise indicated. *Progressors vs. nonprogressors, univariate P � 0.05.
†Progressors vs. nonprogressors, adjusted P � 0.05. CrCl, creatinine clearance; FFA, free fatty acid; HL15,
hepatic lipase 15 min after an intravenous bolus of heparin; LPL15, lipoprotein lipase 15 min after an
intravenous bolus of heparin.
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was no association between progressive
nephropathy in patients with macroalbu-
minuria and any of the triglyceride-linked
indexes that were predictive in patients
with microalbuminuria.

Pooled analysis
Progression of nephropathy was consid-
ered in a pooled analysis of 131 patients
for whom follow-up data were available.
Using the same stage-specific criteria de-
tailed above, kidney disease progressed in
41 individuals. On multivariate analysis,
the predictors for progression were base-
line AER, creatinine clearance, and LDL
cholesterol (all P � 0.01). Factorially as-
sociated lipid variables (total cholesterol,
non-HDL cholesterol, LDL mass, apoB,
LDL cholesterol ester, and free choles-
terol) could be used interchangeably with
LDL cholesterol as predictive variables on
multivariate analysis (P � 0.05). LDL
cholesterol was a better predictor of pro-
gression outcomes than non-HDL choles-
terol, total-to-HDL cholesterol ratio, or
other lipid variables. Although triglycer-
ide accumulation was predictive in pa-
tients with microalbuminuria, it was
eliminated when pooling progression at
all stages of diabetic kidney disease. The
use of antihypertensive therapy, blockade
of the renin-angiotensin system, or lipid-
lowering therapy at baseline had no sig-

nificant effect on the risk of progression,
after adjusting for other variables.

CONCLUSIONS — This study dem-
onstrates the link between serum lipids
and progression of diabetic nephropathy.
This relationship was independent of gly-
cemic and blood pressure control in a
population of intensively treated patients.
However, the nature of this interaction
appeared to be different at various stages
of renal disease. In patients with nor-
moalbuminuria, progression of nephrop-
athy was linked to LDL cholesterol,
whereas in those with microalbuminuria,
progression was linked to the triglyceride
content of VLDL and IDL particles. In pa-
tients with macroalbuminuria at baseline,
progressive renal impairment was associ-
ated with LDL size but not with triglycer-
ide-linked indexes. Although this is a
small and selected study, these observa-
tions are consistent with the findings by
Coonrod et al. (10), who reported that
triglycerides and cholesterol had differing
effects on progression of nephropathy,
depending upon the duration of diabetes.

The variable relationship between lip-
ids and progression at different stages of
nephropathy may also partly explain the
differing associations observed in studies
in type 1 diabetes (8,9). It is conceivable
that the pooling of indexes of disease pro-

gression may have diminished the impact
of pathogenetic lipid fractions. For exam-
ple, when pooled progression was consid-
ered in our study, only LDL cholesterol
and factorially associated variables were
retained as predictive variables. However,
this finding belies the association between
triglyceride accumulation and progres-
sion in patients with microalbuminuria.
In addition, while LDL cholesterol levels
were higher in patients with normoalbu-
minuria who progressed (Table 1), they
were lower in patients with established
macroalbuminuria who progressed (Ta-
ble 3). These observations suggest that the
role of specific lipids may be different at
different stages of diabetic kidney disease.

This study used doubling of AER as
the criterion for progressive nephropathy
in patients with normo- and microalbu-
minuria, as it may be considered a more
appropriate marker for progression of ne-
phropathy than traditional “stepwise”
transition between arbitrary stages of dia-
betic renal disease. For example, a patient
with an AER of 18 �g/min, who has an
AER of 20 �g/min 9 years later, may not
be the same as one who changes from 1 to
190 �g/min, though both patients have
developed microalbuminuria. It is possi-
ble that this kind of lead-time bias may
have influenced the interpretation of pre-
vious lipid studies, particularly given the
link between albuminuria and dyslipide-
mia. We acknowledge that this represents
a paradigm shift for some. While it is clear
that staging of nephropathy is an impor-
tant means to stratify the risk of progres-
sive kidney disease, albuminuria should
be considered as a log-linear continuous
variable for following the evolution of
kidney disease in diabetes (14). For the
same reasons, change in creatinine clear-
ance was used as the primary outcome mea-
sure in patients with macroalbuminuria.

As part of this study design, a group of
patients was selected with persistent nor-
moalbuminuria and long duration of dia-
betes. Over the 8 years of follow-up, 23%
more than doubled their AER. The risk
factors for progression were male sex and
elevated baseline AER within the normal
range. In addition, lipid variables associ-
ated with LDL cholesterol were indepen-
dently associated with the risk of
progression. This finding is consistent
with previous studies in normoalbumin-
uric patients with type 1 diabetes, which
demonstrates that LDL cholesterol is an
important risk factor for the development
of microvascular complications (7,10), as
it is for macrovascular disease. The asso-

Table 3—The association of baseline clinical data and lipid variables with declining renal
function in patients with macroalbuminuria

Nonprogressors Progressors

n 19 12
Baseline AER (geometric mean) (�g/min) 446 398
Baseline CrCl (ml/min per 1.73 m2) 72 � 6 66 � 4
End point CrCl (ml/min per 1.73 m2) 67 � 9 26 � 6*
Sex (% male) 35 58*
HbA1c (%) 8.1 � 0.3 8.5 � 0.3
Systolic blood pressure (mmHg) 132 � 4 145 � 6*
Diastolic blood pressure (mmHg) 87 � 2 82 � 2
Pulse pressure (mmHg) 44 � 3 61 � 6*†
Smoking at baseline (%) 12 50*†
Lipid-lowering therapy at end point (%) 17 33
LDL cholesterol (mmol/l) 3.2 � 0.2 3.1 � 0.2
Non-HDL cholesterol (mmol/l) 3.7 � 0.3 3.7 � 0.2
Total triglycerides (mmol/l) 0.97 � 0.07 1.05 � 0.10
HDL cholesterol (mmol/l) 1.5 � 0.1 1.7 � 0.1
LDL size (nm) 26.2 � 0.1 25.3 � 0.2*†
Percentage VLDL triglyceride (%) 47 � 3 47 � 2
LPL15 (�mol FFA � ml�1 � h�1) 37 � 3 39 � 4
HL15 (�mol FFA � ml�1 � h�1) 30 � 2 29 � 4

Data are means � SE unless otherwise indicated. *Progressors vs. nonprogressors, univariate P � 0.05.
†Progressors vs. nonprogressors, adjusted P � 0.05. CrCl, creatinine clearance; FFA, free fatty acid; HL15,
hepatic lipase 15 min after an intravenous bolus of heparin; LPL15, lipoprotein lipase 15 min after an
intravenous bolus of heparin.
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ciations found in our study were not
related to changes in the density distribu-
tion or composition of LDL, suggesting
that this association was primarily due to
the increased number of LDL particles in
patients who subsequently increased
their AER (4). It is possible that a decrease
in the clearance or transit of LDL particles
from the blood stream also may have con-
tributed to this finding (15).

The specific lipid variables associated
with progression in patients with nor-
moalbuminuria clearly differed from
those seen in patients with micro- or mac-
roalbuminuria. This is consistent with
findings from the Pittsburgh Epidemiol-
ogy of Diabetes Complications study, in
which LDL cholesterol was more impor-
tant for subjects with shorter durations,
whereas triglycerides were important for
those with longer durations (10). In par-
ticular, progression in microalbuminuric
individuals was associated with lipid in-
dexes correlated with the triglyceride
content of VLDL and IDL particles. This
association has not been previously dem-
onstrated in patients with type 1 diabetes,
although some larger studies have docu-
mented an increased risk of progression
in patients with microalbuminuria and el-
evated total cholesterol levels (9). It is
possible that the correlation between total
cholesterol and VLDL-triglyceride con-
tent, as demonstrated in our study, may
have confounded such results. Whether
this finding is a marker or mediator of
progressive renal disease remains to be es-
tablished. We have previously demon-
strated the accumulation of triglyceride-
rich lipid particles in diabetic patients
with early renal disease (4). Similar
changes have been reported to be associ-
ated with nondiabetic proteinuric renal
disease (16). It is conceivable that the tri-
glyceride enrichment of VLDL and IDL
may be a marker of more advanced or
aggressive renal disease in patients with
microalbuminuria. This may explain why
it was not associated with progression in
normoalbuminuric individuals. How-
ever, direct vasculo- and nephropathic ef-
fects of triglyceride-rich lipid particles
have also been suggested (3). It is conceiv-
able that our findings reflect the patho-
genic role of the metabolic syndrome and
its dyslipidemic corollary in the progres-
sion of established renal disease in type 1
diabetes (17,18), while LDL cholesterol
may be more important for it’s initiation
(19).

In patients with macroalbuminuria,
reduced LDL size was correlated with a

progressive decline in renal function (P �
0.05). A number of previous studies have
shown that the accumulation of small
dense LDL in patients with established
proteinuria is associated with adverse
outcomes (20,21), although a direct effect
remains to be established. Certainly, re-
duced LDL size is associated with in-
creased oxidative stress (22), the
accumulation of AGEs (23), and post-
prandial lipemia (18). Small dense LDL
particles can be produced by the action of
hepatic lipase on larger triacylglycerol-
enriched LDL species. In our patients
with macroalbuminuria at baseline, LDL
size was correlated with postheparin
lipase activity, HDL cholesterol, and se-
rum triglycerides (all P � 0.01). How-
ever, none of these factors fully explained
the association between LDL size and ne-
phropathy in microalbuminuria.

The variable relationship between lip-
ids and progression at different stages of
renal disease may also have contributed to
the apparent failure of trials of lipid low-
ering to retard nephropathy in type 1 di-
abetes (24–26), with only one small study
showing a marginal effect on albumin ex-
cretion (25). While these studies aimed to
reduce cholesterol in established ne-
phropathy, our findings would suggest
lowering LDL cholesterol might be more
important in patients with normoalbu-
minuria. This targeted use of statins has
proved successful as a renoprotective
strategy in experimental diabetes (3). In
addition, simvastatin slowed the rate of
decline of renal function in the Heart Pro-
tection Study in patients with type 2 dia-
betes without proteinuria (27). Thus, a
differential therapeutic approach would
seem to be required in the different
phases of the diabetic kidney disease.
Nonetheless, in our study, we were un-
able to demonstrate any significant effect
of lipid lowering at any stage of nephrop-
athy, possibly reflecting the intensive
management applied to all patients in this
cohort.

In summary, lipid variables are asso-
ciated with progression of diabetic kidney
disease, but the relationship is not the
same at all stages. This finding has impli-
cations for the design of renoprotective
strategies and the interpretation of clinical
trials in patients with type 1 diabetes.
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