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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 determined 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 䡠 min⫺1 䡠
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 disease, 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.
Diabetes Care 29:317–322, 2006

T

he control of blood lipids is one of
the cornerstones in the treatment of
type 1 diabetes. Apart from effects
on macrovascular outcomes (1), dyslipidemia potentially contributes to microvascular disease (2,3). Prospective studies
have confirmed a link between serum lipids 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 lipoproteins are most important in the pathogenesis of nephropathy and should therefore
be targeted for intervention. Furthermore, it may be that different lipid variables are important at different stages of
diabetic kidney disease. For example,
triglycerides and cholesterol appeared to
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RESEARCH DESIGN AND
METHODS — A total of 153 Caucasian patients with type 1 diabetes, including 84 men and 69 women, were
recruited from Guy’s Hospital and Kings
College Hospital (n ⫽ 75) and Helsinki
University Central Hospital (n ⫽ 78). Selection 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 order to represent various phases of diabetic
nephropathy. The three groups were
matched for age, diabetes duration, and
glycemic control (4). Other patient characteristics 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 baseline 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 complications. Blood pressure was determined 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. Normoalbuminuria 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 deter317
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OBJECTIVE — Dyslipidemia contributes to the progression of microvascular disease in diabetes. 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.

have different effects on the progression
of nephropathy, depending upon the duration 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.

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

47
5.1
7.1
99 ⫾ 2
100 ⫾ 3
78
7.8 ⫾ 0.2
121/78 ⫾ 2/1
2.6 ⫾ 0.1
3.0 ⫾ 0.1
0.97 ⫾ 0.09
1.6 ⫾ 0.1
0.74 ⫾ 0.02
296 ⫾ 9
155 ⫾ 3
25.7 ⫾ 0.1
39 ⫾ 1
25 ⫾ 1

14
9.5
63
105 ⫾ 6
96 ⫾ 4
40*†
8.1 ⫾ 0.3
120/76 ⫾ 3/2
3.4 ⫾ 0.3*†
3.8 ⫾ 0.2*
0.96 ⫾ 0.07
1.5 ⫾ 0.1
0.92 ⫾ 0.07*†
373 ⫾ 23*†
138 ⫾ 5*†
25.9 ⫾ 0.2
37 ⫾ 3
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.

mined using the Cockroft Gault formula
and adjusted for body mass.
Lipid variables
Lipid parameters were measured in fasting serum samples as previously described (4,11–13). Total cholesterol,
unesterified free cholesterol triglycerides,
and phospholipid concentrations in
whole serum and lipoprotein fractions
were measured enzymatically using a Cobas autoanalyzer. Serum lipoprotein fractions, 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 concentrations were determined by immunoassay (Orion, Espoo, Finland) after
separation from other apoproteins by isopropanol. ApoB-containing triglyceriderich lipoprotein particles, VLDL1 (Sf 60 –
400), VLDL2 (Sf 20 – 60), and IDL (Sf 12–
60) were isolated using density gradient
ultracentrifugation. LDL size was resolved using nondenaturing gradient gel
electrophoresis. Composition and density
distribution of LDL was ascertained by
density gradient ultracentrifugation, as
previously described (11). Postheparin lipoprotein lipase and hepatic lipase activ318

ity were measured in samples taken 15
min after an intravenous bolus of heparin
(100 IU/kg body wt) and expressed as micromoles of free fatty acid per milliliter
per hour, using an established immunoassay (4).
End points
The primary study outcome, progression
of diabetic nephropathy, was defined a
priori in patients with normo- or microalbuminuria at baseline as a doubling
in AER that had to exceed 10 g/min.
When dealing with small patient numbers, this definition avoids the lead-time
bias inherent in categorical analysis and
appropriately considers albuminuria as a
continuous variable. In patients with established macroalbuminuria, change in
creatinine clearance was used as the primary outcome measure because disease
progression in these patients sees a decline in creatinine clearance rather than
change in AER. The natural history of diabetic nephropathy is associated with a
decline in creatinine clearance of 10 –12
ml 䡠 min⫺1 䡠 year⫺1, which is reduced to
⬍3– 4 ml 䡠 min⫺1 䡠 year⫺1 with conventional treatment. For the purpose of our
study, progression was defined as a decline in renal function of ⬎3 ml 䡠 min⫺1 䡠
year⫺1.

RESULTS — The baseline characteristics of this study population have been
previously described (4). Sixty-six patients had normoalbuminuria, 51 had
microalbuminuria, and 36 had macroalbuminuria. 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 䡠 kg⫺1 䡠
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 current guidelines. Sixty-one percent of patients were receiving antihypertensive
agents at the study end point, including
55% receiving an ACE inhibitor. No patients in this study received angiotensin
receptor blockers.
Patients with normoalbuminuria at
baseline
Follow-up data were available for 61 patients 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 exceeded 10 g/min, such that 12 patients
had an AER within the range of microalbuminuria. The characteristics of
these patients are shown in Table 1. Patients 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 between patients who progressed and those
who did not. However, progressing patients were more likely to be using an ACE
inhibitor (42 vs. 20%, P ⫽ 0.02) or a sta-
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n
Baseline AER (geometric mean) (g/min)
End point AER (geometric mean) (g/min)
Baseline CrCl (ml/min per 1.73 m2)
End point CrCl (ml/min per 1.73 m2)
Sex (% male)
HbA1c (%)
Blood pressure (mmHg)
LDL cholesterol (mmol/l)
Non-HDL cholesterol (mmol/l)
Triglycerides (mmol/l)
HDL cholesterol (mmol/l)
LDL free cholesterol (mmol/l)
LDL mass (mg/dl)
ApoAI (mg/dl)
LDL size (nm)
LPL15 (mol FFA 䡠 ml⫺1 䡠 h⫺1)
HL15 (mol FFA 䡠 ml⫺1 䡠 h⫺1)

Nonprogressors

Statistical analysis
Continuous data are expressed as
means ⫾ SE. Nonparametric variables
were handled as log derivatives. Differences in continuous variables were compared using Student’s t tests. Multivariate
logistic regression was used to analyze associations 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 another (Pearson P ⬍ 0.05) and where only
one variable from each “factor” of associated variables was entered into the model
at any one time.

Thomas and Associates

Patients with microalbuminuria at
baseline
Follow-up data were available for 40 patients with microalbuminuria at baseline
(n ⫽ 40 of 51 [78%]). Four patients died,
and seven were lost to follow-up. At follow-up, 15 patients (38%) more than
doubled their AER, including 8 patients
with an AER within the range of macroalbuminuria. The characteristics of the
patients who progressed are shown in Table 2. Patients with microalbuminuria
who progressed had a lower creatinine
clearance at baseline, which declined during follow-up (⬃2–3 ml 䡠 min⫺1 䡠 year⫺1
vs. baseline, P ⫽ 0.05). Creatinine clearance did not change in patients whose
AER did not increase. There was no difference in medical treatment at baseline
between patients who subsequently progressed 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 similar (29 vs. 21%, P ⫽ NS).
Progression in patients with microalbuminuria was independently associated with triglyceride content of VLDL
and IDL (both P ⬍ 0.05, adjusted for sex,
baseline creatinine clearance, and medication history) (Table 2). Baseline lipid
variables associated with the triglyceride

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

n
Baseline AER (geometric mean) (g/min)
End point AER (geometric mean) (g/min)
Baseline CrCl (ml/min per 1.73 m2)
End point CrCl (ml/min per 1.73 m2)
Sex (% male)
HbA1c (%)
Blood pressure (mmHg)
LDL cholesterol (mmol/l)
Non-HDL cholesterol (mmol/l)
Triglycerides (mmol/l)
HDL cholesterol (mmol/l)
VLDL triglyceride content (%)
IDL triglyceride content (%)
VLDL mass (mg/dl)
IDL mass (mg/dl)
VLDL triglycerides (mmol/l)
LPL15 (mol FFA 䡠 ml⫺1 䡠 h⫺1)
HL15 (mol FFA 䡠 ml⫺1 䡠 h⫺1)

Nonprogressors

Progressors

25
52
35
84 ⫾ 3
77 ⫾ 4
66
8.1 ⫾ 0.3
129/80 ⫾ 4/2
3.2 ⫾ 0.2
3.6 ⫾ 0.2
1.12 ⫾ 0.08
1.6 ⫾ 0.1
47 ⫾ 1
25 ⫾ 1
89 ⫾ 16
41 ⫾ 5
0.52 ⫾ 0.11
35 ⫾ 2
30 ⫾ 3

15
50
407
74 ⫾ 4*
57 ⫾ 5*
40
8.5 ⫾ 0.3
133/81 ⫾ 4/1
3.2 ⫾ 0.3
3.8 ⫾ 0.3
1.13 ⫾ 0.12
1.4 ⫾ 0.1
54 ⫾ 2*†
32 ⫾ 2*†
107 ⫾ 12
47 ⫾ 7
0.57 ⫾ 0.07
39 ⫾ 4
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.

content of VLDL and IDL were also linked
to progression. For example, the cholesterol ester content of these particles was
inversely associated with the particle triglyceride content (data not shown). However, there was no association between
progression and VLDL or IDL mass (both
P ⬎ 0.3). Overall, patients with triglyceride-enriched particles had a greater risk of
progression than those with lower triglyceride content, independent of the total or
particulate triglyceride level. In this setting, dyslipidemia explained ⬃19% of the
variation in the rate of progression. Notably, standard lipid variables failed to predict the risk for progression attributable
to dyslipidemia. Nonetheless, the triglyceride content of the lipoprotein particles
was significantly correlated with total serum cholesterol (P ⬍ 0.05).
Patients with macroalbuminuria at
baseline
Follow-up data were available for 30 patients 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 䡠 min⫺1 䡠 year⫺1, including 2 who required dialysis. The
characteristics of the patients who pro-
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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 compared 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 lipidlowing 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 macroalbuminuria 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 macroalbuminuria at baseline, LDL size was correlated with postheparin hepatic lipase
activity, HDL cholesterol, and serum
triglycerides (all P ⬍ 0.01) but not cholesteryl ester transfer protein or lipoprotein lipase activity. However, none of
these factors individually explained the
association between LDL size and progressive nephropathy. In addition, there
319
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tin (35 vs. 9%, P ⫽ 0.01) at end point,
reflecting the development of an indication for intervention.
Progression in patients with normoalbuminuria at baseline was independently associated with an elevated
baseline LDL cholesterol. Other lipid
variables, including non-HDL cholesterol, LDL mass, LDL cholesterol ester,
and free cholesterol content apoAI and
-AII, were also associated with progression (all P ⬍ 0.05 after adjusting for other
risk factors). Of these factorially associated variables, LDL-free cholesterol had
the strongest relationship to progression.
On multivariate logistic analysis, adjusting for other variables, independent predictors for progression were male sex
(P ⬍ 0.05), albuminuria in the highnormal range (10 –20 g/min, P ⫽ 0.02),
and LDL-free cholesterol (P ⫽ 0.02). Substitution of any other of the LDLassociated lipid variables did not
significantly detract from the predictive
value of the model, with dyslipidemia explaining ⬃9% of the variation in the rate
of progression, after correcting for other
variables.

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

19
446
72 ⫾ 6
67 ⫾ 9
35
8.1 ⫾ 0.3
132 ⫾ 4
87 ⫾ 2
44 ⫾ 3
12
17
3.2 ⫾ 0.2
3.7 ⫾ 0.3
0.97 ⫾ 0.07
1.5 ⫾ 0.1
26.2 ⫾ 0.1
47 ⫾ 3
37 ⫾ 3
30 ⫾ 2

12
398
66 ⫾ 4
26 ⫾ 6*
58*
8.5 ⫾ 0.3
145 ⫾ 6*
82 ⫾ 2
61 ⫾ 6*†
50*†
33
3.1 ⫾ 0.2
3.7 ⫾ 0.2
1.05 ⫾ 0.10
1.7 ⫾ 0.1
25.3 ⫾ 0.2*†
47 ⫾ 2
39 ⫾ 4
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.

was no association between progressive
nephropathy in patients with macroalbuminuria and any of the triglyceride-linked
indexes that were predictive in patients
with microalbuminuria.
Pooled analysis
Progression of nephropathy was considered in a pooled analysis of 131 patients
for whom follow-up data were available.
Using the same stage-specific criteria detailed above, kidney disease progressed in
41 individuals. On multivariate analysis,
the predictors for progression were baseline AER, creatinine clearance, and LDL
cholesterol (all P ⬍ 0.01). Factorially associated lipid variables (total cholesterol,
non-HDL cholesterol, LDL mass, apoB,
LDL cholesterol ester, and free cholesterol) could be used interchangeably with
LDL cholesterol as predictive variables on
multivariate analysis (P ⬍ 0.05). LDL
cholesterol was a better predictor of progression outcomes than non-HDL cholesterol, total-to-HDL cholesterol ratio, or
other lipid variables. Although triglyceride accumulation was predictive in patients 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 lipidlowering therapy at baseline had no sig320

nificant effect on the risk of progression,
after adjusting for other variables.
CONCLUSIONS — This study demonstrates the link between serum lipids
and progression of diabetic nephropathy.
This relationship was independent of glycemic 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 normoalbuminuria, progression of nephropathy was linked to LDL cholesterol,
whereas in those with microalbuminuria,
progression was linked to the triglyceride
content of VLDL and IDL particles. In patients with macroalbuminuria at baseline,
progressive renal impairment was associated with LDL size but not with triglyceride-linked indexes. Although this is a
small and selected study, these observations 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 lipids 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-
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n
Baseline AER (geometric mean) (g/min)
Baseline CrCl (ml/min per 1.73 m2)
End point CrCl (ml/min per 1.73 m2)
Sex (% male)
HbA1c (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Pulse pressure (mmHg)
Smoking at baseline (%)
Lipid-lowering therapy at end point (%)
LDL cholesterol (mmol/l)
Non-HDL cholesterol (mmol/l)
Total triglycerides (mmol/l)
HDL cholesterol (mmol/l)
LDL size (nm)
Percentage VLDL triglyceride (%)
LPL15 (mol FFA 䡠 ml⫺1 䡠 h⫺1)
HL15 (mol FFA 䡠 ml⫺1 䡠 h⫺1)

Nonprogressors

gression may have diminished the impact
of pathogenetic lipid fractions. For example, when pooled progression was considered 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 progression in patients with microalbuminuria.
In addition, while LDL cholesterol levels
were higher in patients with normoalbuminuria who progressed (Table 1), they
were lower in patients with established
macroalbuminuria who progressed (Table 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 microalbuminuria, as it may be considered a more
appropriate marker for progression of nephropathy than traditional “stepwise”
transition between arbitrary stages of diabetic 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 possible that this kind of lead-time bias may
have influenced the interpretation of previous lipid studies, particularly given the
link between albuminuria and dyslipidemia. We acknowledge that this represents
a paradigm shift for some. While it is clear
that staging of nephropathy is an important means to stratify the risk of progressive 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 clearance was used as the primary outcome measure in patients with macroalbuminuria.
As part of this study design, a group of
patients was selected with persistent normoalbuminuria and long duration of diabetes. 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 associated with LDL cholesterol were independently associated with the risk of
progression. This finding is consistent
with previous studies in normoalbuminuric 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-
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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, reduced LDL size is associated with increased oxidative stress (22), the
accumulation of AGEs (23), and postprandial lipemia (18). Small dense LDL
particles can be produced by the action of
hepatic lipase on larger triacylglycerolenriched LDL species. In our patients
with macroalbuminuria at baseline, LDL
size was correlated with postheparin
lipase activity, HDL cholesterol, and serum triglycerides (all P ⬍ 0.01). However, none of these factors fully explained
the association between LDL size and nephropathy in microalbuminuria.
The variable relationship between lipids and progression at different stages of
renal disease may also have contributed to
the apparent failure of trials of lipid lowering to retard nephropathy in type 1 diabetes (24 –26), with only one small study
showing a marginal effect on albumin excretion (25). While these studies aimed to
reduce cholesterol in established nephropathy, our findings would suggest
lowering LDL cholesterol might be more
important in patients with normoalbuminuria. 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 Protection Study in patients with type 2 diabetes 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 unable to demonstrate any significant effect
of lipid lowering at any stage of nephropathy, possibly reflecting the intensive
management applied to all patients in this
cohort.
In summary, lipid variables are associated with progression of diabetic kidney
disease, 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 patients with type 1 diabetes.
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