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Abstract
Aims/hypothesis We studied the impact of baseline lipid
variables on the progression of renal disease in a large
nationwide prospective cohort of patients with type 1 diabetes.
Methods A total of 2,304 adult patients with type 1 diabetes
and available lipid profiles participating in the Finnish Diabetic
Nephropathy Study (FinnDiane) were evaluated. Data on
progression of renal disease were verified from medical files
and patients were followed for 5.4±2.0 (mean ± SD) years.
Results High triacylglycerol, apolipoprotein (Apo) B,
ApoA-II and HDL3-cholesterol concentrations predicted
incident microalbuminuria. Progression to macroalbuminuria
was predicted by high triacylglycerol and ApoB. When AER
was entered into the model, triacylglycerol was no longer an

independent predictor, but when patients with normal AER
and microalbuminuria at baseline were pooled, triacylgly-
cerol, HbA1c, male sex and AER were all independent
predictors of renal disease. High total cholesterol, LDL-
cholesterol, non-HDL-cholesterol and triacylglycerol as well
as low HDL-cholesterol, HDL2-cholesterol, ApoA-I and
ApoA-II concentrations were predictive of progression to
end-stage renal disease. However, when estimated GFR was
entered into the model, only total cholesterol remained an
independent predictor of progression.
Conclusions/interpretation Lipid abnormalities, particular-
ly high triacylglycerol concentrations, increase the risk of
progression of renal disease.
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Abbreviations
Apo Apolipoprotein
eGFR Estimated GFR
ESRD End-stage renal disease
FinnDiane Finnish Diabetic Nephropathy Study
IDL Intermediate-density lipoprotein
Lp Lipoprotein
ROC Receiver operating characteristic
SBP Systolic BP
VLDL Very-low-density lipoprotein

Introduction

Cardiovascular disease is the leading cause of premature
death in patients with type 1 diabetes [1] and the risk of
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cardiovascular disease in patients with diabetic nephropathy
is increased tenfold [2]. Factors that are associated with the
development of diabetic nephropathy include poor glycaemic
control, hypertension, male sex, smoking and dyslipidaemia
[3–7].

Multiple lipid abnormalities are already present at an
early stage of diabetic nephropathy in patients with type 1
diabetes [8, 9]. Earlier small studies have suggested that
lipid variables might be involved in the development and
progression of diabetic nephropathy [10, 11], but it can also
be argued that the lipid abnormalities are merely a
consequence of albuminuria. Recently, a large prospective
clinical trial showed an improvement of renal function in
patients treated with atorvastatin [12]. However, data on the
effect of lipid-lowering agents on albuminuria are more
controversial [13, 14].

Furthermore, most of the prospective studies included
only a small number of patients, who had either developed
incipient microalbuminuria or progressed from a lower to a
higher stage of albuminuria. It is obvious that these studies
did not have enough power to analyse a potential link
between the lipid profile and the development of renal
disease [10, 11, 15]. In contrast, the EURODIAB study
included a large number of patients with type 1 diabetes
from different parts of Europe and also a much larger
number of patients who progressed with respect to their
renal disease. It is, however, of note that the patients in the
EURODIAB study were recruited between 1988 and 1991,
represented 16 different countries with varying diets and
undoubtedly represent a rather heterogeneous genetic
mixture [16, 17].

Therefore we assessed, in a nationwide prospective and
homogeneous cohort of patients with type 1 diabetes, whether
baseline lipid values have an impact on the progression of
renal disease. This cohort gives a unique opportunity to
systematically study progression at all stages of albuminuria.

Methods

The present study is part of the ongoing prospective Finnish
Diabetic Nephropathy Study (FinnDiane). FinnDiane is a
nationwide, comprehensive multicentre study with the aim
of identifying genetic and environmental risk factors for the
development of micro- and macrovascular complications in
type 1 diabetes. Consecutive adult patients from over 70
hospitals and primary healthcare centres all over Finland
were asked to participate. The study protocol was approved
by the local ethics committee of each participating study
centre and follows the Declaration of Helsinki. All patients
gave their written informed consent.

At baseline, patients underwent a thorough clinical
investigation at a regular visit to the attending physician.

Baseline data were collected between 1994 and 2005. At
follow-up, all available medical files including laboratory
data were reviewed and any changes in renal status were
verified.

Type 1 diabetes was defined as an onset of diabetes
before the age of 35 years and permanent insulin treatment
initiated within 1 year of diagnosis. Out of the total of
4,810 patients at baseline, complete lipid profiles were
available for 4,662 (97%). So far, there are prospective
data on 2,412 patients with a minimum 1 year of follow-
up time. Patients with end-stage renal disease (ESRD,
n=143) were excluded from the study. Altogether, a total of
2,304 patients participated in the present study and were
followed for 5.4±2.0 years. Based on their locally
measured urinary AER in two out of three consecutive
overnight or 24 h urine collections; 1,549 patients had
normal AER (<20 μg/min or <30 mg/24 h), 353 patients
microalbuminuria (20≤AER<200 μg/min or 30≤AER
<300 mg/24 h) and 402 patients macroalbuminuria (AER
≥200 μg/min or AER≥300 mg/24 h) at baseline. Moreover,
all AER data between baseline and the follow-up visit were
reviewed, and based on the AER in any two out of three
consecutive urine collections during follow-up the patient’s
renal status was classified in the same manner as at baseline.
Progression was defined as a change from one level to a
higher level of albuminuria or the development of ESRD.
ESRD patients were defined as either patients undergoing
dialysis or those who had received a kidney transplant. In
addition to the urine collections used for classification, AER
(24 h) was also measured with an immunoturbidimetric
method centrally; the result of this measurement was used in
the Cox regression analyses.

Data on medication and diabetic micro- and macro-
vascular complications were based on medical records and
obtained by the patient’s attending physician using a
standardised questionnaire. BP was measured in the sitting
position, after a 10 min rest, and the mean value of two
measurements was used in the analyses. Smoking was
defined as smoking at least one cigarette per day at the time
of the baseline data collection. HbA1c was determined at
each centre by standardised immunoassays. Estimated GFR
(eGFR) was calculated on the basis of a single serum
creatinine measurement using both the Modification of Diet
in Renal Disease (MDRD4) equation and the Cockcroft–
Gault formula adjusted for body surface area [18, 19]. All
serum lipid and lipoprotein concentrations were measured
from blood samples using previously described assays [8].

Statistical analyses Data for normally distributed values are
presented as means ± SD and data for non-normally
distributed values as medians with interquartile ranges.
Differences between groups were analysed with ANOVA,
Mann–Whitney U tests or Kruskal–Wallis tests, as appro-
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priate. Categorical variables were analysed using Pearson’s
χ2 test. Pearson’s correlation coefficients were used to
calculate correlations between normally distributed values
and Spearman’s rank correlation coefficients were used for
non-normally distributed values. Non-normally distributed
values (triacylglycerol, AER and eGFR, as well as HDL2-/
HDL3-cholesterol and triacylglycerol/HDL-cholesterol
ratios) were logarithmically transformed (loge) before
inclusion in the models.

To investigate the relationship between potential pre-
dictors of progression of renal disease, the Cox proportional
hazards model was used, and results are presented as HRs
with 95% CIs. For the analyses a standard model, including
the traditional risk factors of sex, duration, HbA1c, systolic
BP (SBP), BMI and smoking, was used. A more stringent
level of significance (p<0.01) was chosen, in order to
correct for multiple testing, except in the Cox regression
analyses where p<0.05 denoted statistical significance. To
identify possible triacylglycerol thresholds predictive of renal
disease, receiver operating characteristic (ROC) curves were
performed. The shortest distance on the ROC curve and the
maximum sum of sensitivity and specificity were considered
for the determination of cut-off points. All analyses were
performed using SPSS 15.0 for Windows (Chicago, IL,
USA).

Results

During follow-up, 242 patients out of 2,304 (10.5%) had
progressed to a higher level of albuminuria or ESRD. One
hundred (61 men/39 women) patients had developed
microalbuminuria, 50 (40 men/10 women) had progressed
from micro- to macroalbuminuria and 92 (56 men/
36 women) from macroalbuminuria to ESRD. Clinical
characteristics of the patients stratified by progression of
renal disease are presented in Table 1. In general,
progressors had higher HbA1c and higher baseline AER
and were predominantly men.

Development of microalbuminuria Table 1 also shows the
association between the lipid profile and progression of
renal disease. Patients who had developed microalbuminuria
had higher total cholesterol, non-HDL-cholesterol, triacyl-
glycerol, apolipoprotein (Apo) A-II and ApoB and ApoB/
ApoA-I and triacylglycerol/HDL-cholesterol ratios at base-
line than patients who had not progressed.

In a Cox regression analysis, HbA1c, sex and triacylgly-
cerol were predictors of development of microalbuminuria
(Table 2). Triacylglycerol was then replaced in the model
with all the other measured lipid variables, one at a time.
Out of the other lipid variables, ApoB, high HDL3-
cholesterol and high ApoA-II, as well as low ApoA-I/

ApoA-II ratio, were also predictors of progression (Table 3).
When baseline AER was entered into the models, triacyl-
glycerol and ApoB were no longer independent predictors
of progression, but Apo-AII, HDL3-cholesterol and ApoA-
I/ApoA-II ratio remained significant in their respective
models (Table 3). HbA1c and AER were predictive of
progression in all models.

When the patients were stratified into quartiles based on
their triacylglycerol concentration, the cut-off points were as
follows: 0.72, 0.93 and 1.27 mmol/l. In an unadjusted Cox
regression analysis, the HRs for the development of micro-
albuminuria were 2.29 (95% CI 1.13–4.65) for the second,
2.56 (95% CI 1.26–5.18) for the third and 3.62 (95% CI
1.85–7.10) for the fourth quartile compared with the first
quartile (Fig. 1). After adjustment for traditional risk factors,
the HR for progression was 2.18 (95% CI 1.08–4.42) for the
fourth quartile compared with the first quartile.

Progression from micro- to macroalbuminuria Patients
who had progressed from micro- to macroalbuminuria had
higher total cholesterol, non-HDL-cholesterol, triacylgly-
cerol and ApoB and ApoB/ApoA-I and triacylglycerol/
HDL-cholesterol ratios at baseline than patients who had
not progressed (Table 1).

In Cox regression analysis, HbA1c, male sex and
triacylglycerol were independent predictors of progression
(Table 2). When triacylglycerol was replaced with the other
lipid variables separately, high ApoB and ApoB/ApoA-I
and triacylglycerol/HDL-cholesterol ratios were predictors
of macroalbuminuria (Table 4). When baseline AER was
entered into the model, only AER was predictive of
progression to macroalbuminuria (Table 4).

When patients were stratified into quartiles by their
triacylglycerol concentration, the cut-off values were 0.82,
1.08 and 1.56 mmol/l. In an unadjusted Cox regression
analysis, the HR for progression from micro- to macro-
albuminuria was 4.72 (95% CI 1.93–11.50) for the fourth
quartile compared with the first quartile (Fig. 1). After
adjustment for traditional risk factors the differences between
the triacylglycerol groups were no longer significant.

Progression from macroalbuminuria to ESRD Progressors
from macroalbuminuria to ESRD had higher total cholesterol,
LDL-, non-HDL-cholesterol, triacylglycerol and ApoB and
ApoB/ApoA-I and triacylglycerol/HDL-cholesterol ratios, as
well as lower HDL- and HDL2-cholesterol and HDL2-/HDL3-
cholesterol ratio and ApoA-II levels than patients who had
not progressed (Table 1).

In Cox regression analysis, high SBP, low BMI and high
triacylglycerol were predictive of progression (Table 2).
High total cholesterol, LDL- and non-HDL-cholesterol and
ApoB/ApoA-I, ApoA-I/ApoA-II and triacylglycerol/HDL-
cholesterol ratios, as well as low HDL- and HDL2-
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cholesterol, HDL2-/HDL3-cholesterol ratio and ApoA-II
were also predictors of progression (Table 5). When
baseline eGFR was included in the models, lipid variables
were no longer predictive of progression, except for total
cholesterol. In this model, HbA1c, eGFR and total choles-
terol were independent predictors of progression (Table 5).

When patients were stratified into quartiles of total
cholesterol, the cut-off values were 4.70, 5.27 and

5.97 mmol/l. In an unadjusted Cox regression analysis,
the HR for progression was 1.96 (95% CI 1.13–3.40) for
the fourth compared with the first quartile of total
cholesterol. After adjustment for traditional risk factors,
the differences between the groups were no longer
significant. Furthermore, when patients were stratified into
quartiles of triacylglycerol, the cut-off values were 1.02,
1.36, and 2.02 mmol/l. In an unadjusted Cox regression

Table 1 Clinical characteristics and lipid profiles of patients with type 1 diabetes grouped by AER status and progression of renal disease

Variable Normal AER Microalbuminuria Macroalbuminuria

Non-
progressors

Progressors Non-
progressors

Progressors Non-
progressors

Progressors

n 1,449 100 303 50 310 92

Men (%) 46 61* 55 80** 56 61

Age (years) 35.7±12.1 34.8±12.1 37.9±12.4 34.8±10.9 41.1±10.1 40.6±9.1

Age at onset (years) 16.1±8.6 15.3±8.8 11.6±8.1 9.7±6.4 11.4±7.3 12.4±7.3

Diabetes duration (years) 19.6±11.7 19.5±11.5 26.2±11.3 25.1±10.8 29.7±8.1 28.3±7.4

Systolic BP (mmHg) 128±15 130±15 135±17 135±14 141±19 150±21**

Diastolic BP (mmHg) 78±9 80±10 80±10 83±10 82±10 85±10*

BMI (kg/m2) 24.9±3.3 25.2±3.6 25.5±3.5 25.4±3.8 26.1±3.8 25.5±4.7

WHR

Men 0.89±0.07 0.92±0.06** 0.91±0.07 0.93±0.06 0.94±0.07 0.94±0.07

Women 0.80±0.06 0.80±0.08 0.82±0.06 0.86±0.07 0.84±0.07 0.84±0.07

HbA1c (%) 8.2±1.4 9.2±1.7** 8.7±1.4 9.8±2.0** 8.9±1.4 9.4±1.7*

Serum creatinine (μmol/l) 83 (73–92) 84 (75–93) 87 (77–98) 88 (81–103) 113 (90–141) 226 (149–303)**

AER (mg/24 h) 7 (5–11) 15 (9–29)** 42 (20–76) 151 (91–214)** 350 (148–857) 1,450 (626–2,915)**

Smoking (%) 21 26 28 43 30 30

Antihypertensive
treatment (%)

13 17 61 76 93 95

Lipid-lowering agents (%) 5 10 10 10 20 29

Total cholesterol (mmol/l) 4.77±0.88 5.10±1.04** 4.94±0.88 5.32±1.01** 5.27±0.88 5.82±1.38**

LDL-cholesterol (mmol/l) 2.95±0.80 3.14±0.88 3.07±0.79 3.34±0.95 3.38±0.83 3.73±1.14**

HDL-cholesterol (mmol/l) 1.33±0.36 1.30±0.37 1.30±0.37 1.18±0.34 1.20±0.32 1.09±0.42*

HDL2-cholesterol
(mmol/l)

0.55±0.26 0.50±0.23 0.53±0.25 0.45±0.20 0.48±0.23 0.41±0.29*

HDL3-cholesterol
(mmol/l)

0.78±0.19 0.82±0.23 0.78±0.20 0.74±0.18 0.73±0.18 0.70±0.18

Non-HDL-cholesterol
(mmol/l)

3.43±0.87 3.75±1.04** 3.62±0.88 4.09±1.13** 4.05±0.94 4.63±1.26**

Triacylglycerol (mmol/l) 0.92 (0.71–1.26) 1.10 (0.81–1.65)** 1.05 (0.80–1.47) 1.56 (1.04–2.22)** 1.28 (0.97–1.80) 1.66 (1.20–2.74)**

ApoA-I (g/l) 1.38±0.21 1.38±0.19 1.40±0.21 1.37±0.21 1.40±0.21 1.35±0.25

ApoA-II (g/l) 0.33±0.09 0.36±0.09* 0.34±0.09 0.37±0.10 0.34±0.08 0.31±0.07*

ApoB (g/l) 0.83±0.20 0.93±0.22** 0.89±0.21 1.02±0.28** 0.99±0.20 1.09±0.29**

ApoB/ApoA-I 0.61±0.17 0.68±0.17* 0.65±0.18 0.77±0.26** 0.73±0.19 0.83±0.24**

ApoA-I/ApoA-II 4.39±1-07 4.04±0.93 4.29±0.92 3.84±0.83 4.29±0.86 4.51±1.02

HDL2-/HDL3-cholesterol 0.68 (0.49–0.92) 0.59 (0.42–0.80) 0.66 (0.49–0.87) 0.58 (0.44–0.79) 0.67 (0.43–0.86) 0.51 (0.31–0.82)*

Triacylglycerol/HDL-
cholesterol

0.71 (0.51–1.05) 0.85 (0.57–1.41)** 0.82 (0.58–1.25) 1.33 (0.82–2.33)** 1.10 (0.74–1.73) 1.55 (0.95–3.22)**

Data are means ± SD or median (interquartile range)

p values for lipid variables are adjusted for age, sex and BMI

*p<0.01, **p<0.001 vs non-progressors
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analysis, the HR for progression was 3.30 (95% CI 1.71–
6.36) for the fourth compared with the first quartile of
triacylglycerol (Fig. 1). After adjustment for traditional risk
factors, the HR for progression was 3.10 (95% CI 1.50–
6.39) for the fourth compared with the first quartile.

Pooled data Interestingly, when patients with normal AER
and microalbuminuria were pooled, triacylglycerol, HbA1c,
male sex and AER independently predicted progression of
renal disease (Table 6). When triacylglycerol was replaced
with the other lipid variables separately, ApoA-I/ApoA-II
and HDL2-/HDL3-cholesterol ratios also predicted progres-
sion of renal disease (Electronic supplementary material
[ESM] Table 1).

When all patients were pooled, triacylglycerol, HbA1c,
male sex, AER and eGFR independently predicted pro-
gression of renal disease (ESM Table 2).

ROC curves In order to identify possible triacylglycerol
thresholds for the progression of renal disease, ROC curve
analyses were performed. For the development of micro-
albuminuria the AUC was 0.63 (95% CI 0.57–0.68), p<
0.001. For the progression from micro- to macroalbumi-
nuria, the AUC was 0.69 (95% CI 0.61–0.77), p<0.001,
and for the progression to ESRD it was 0.65 (95% CI 0.58–
0.71), p<0.001. However, when the maximum sums of
sensitivity and specificity were calculated they were not
high enough to identify a clinically relevant triacylglycerol

Table 3 Lipids and lipoproteins entered separately into Cox regression models for progression to microalbuminuria adjusted for traditional risk
factors or for traditional risk factors and AER

Variable Adjusted HR (95% CI)

Traditional risk factorsa p value Traditional risk factorsa and AER p value

Total cholesterol (mmol/l) 1.20 (0.99–1.46) NS 1.11 (0.89–1.39) NS

LDL-cholesterol (mmol/l) 1.11 (0.86–1.43) NS 1.14 (0.87–1.50) NS

HDL-cholesterol (mmol/l) 1.27 (0.70–2.30) NS 1.43 (0.76–2.69) NS

HDL2-cholesterol (mmol/l) 0.72 (0.29–1.83) NS 0.72 (0.26–2.01) NS

HDL3-cholesterol (mmol/l) 3.79 (1.40–10.27) 0.009 4.84 (1.68–13.93) 0.003

Non-HDL-cholesterol (mmol/l) 1.19 (0.95–1.49) NS 1.10 (0.86–1.41) NS

Loge triacylglycerol 1.71 (1.17–2.50) 0.006 1.18 (0.76–1.82) NS

ApoA-I (g/l) 1.44 (0.53–3.95) NS 1.57 (0.52–4.71) NS

ApoA-II (g/l) 24.73 (3.05–200.67) 0.003 30.30 (3.15–290.96) 0.003

ApoB (g/l) 2.81 (1.05–7.53) 0.04 1.82 (0.61–5.42) NS

ApoB/ApoA-I 1.88 (0.58–6.11) NS 1.04 (0.28–3.82) NS

ApoA-I/ApoA-II 0.70 (0.55–0.90) 0.005 0.71 (0.54–0.93) 0.01

Loge (HDL2-/HDL3-cholesterol) 0.71 (0.50–1.03) NS 0.59 (0.38–0.91) 0.02

Loge (triacylglycerol/HDL-cholesterol) 1.33 (0.98–1.80) NS 1.00 (0.72–1.38) NS

a HbA1c, sex, smoking, SBP, BMI and duration of diabetes

Table 2 Cox regression analyses with risk factors for progression of renal disease

Variable Progression to:

Microalbuminuria Macroalbuminuria ESRD

Adjusted HR (95% CI) p value Adjusted HR (95% CI) p value Adjusted HR (95% CI) p value

HbA1c (%) 1.52 (1.34–1.73) <0.001 1.28 (1.09–1.50) 0.003 1.11 (0.97–1.28) NS

Male sex (%) 1.83 (1.19–2.82) 0.006 2.50 (1.22–5.09) 0.01 1.06 (0.68–1.65) NS

Smoking (%) 0.99 (0.62–1.60) NS 1.48 (0.80–2.72) NS 0.82 (0.50–1.34) NS

SBP (mmHg) 1.00 (0.99–1.02) NS 1.00 (0.98–1.02) NS 1.02 (1.01–1.04) <0.001

BMI (kg/m2) 1.00 (0.94–1.07) NS 1.00 (0.91–1.09) NS 0.92 (0.86–0.98) 0.007

Duration (years) 1.01 (0.99–1.03) NS 1.01 (0.99–1.04) NS 0.99 (0.96–1.03) NS

Loge triacylglycerol 1.71 (1.17–2.50) 0.006 2.69 (1.53–4.71) 0.001 2.30 (1.50–3.53) <0.001
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threshold for the progression of renal disease (ESM
Fig. 1a–c).

Discussion

In this large prospective cohort of patients with type 1 diabetes
we showed that lipid abnormalities, particularly high triacyl-
glycerol concentrations, increase the risk of progression of
renal disease. Triacylglycerol predicted incident microalbu-
minuria, but when AER was included in the model,

triacylglycerol was no longer an independent predictor. AER
is by definition a strong predictor of progression, since
progression was defined based on a change in the degree of
albuminuria. However, when patients with normal AER and
microalbuminuria at baseline were pooled, triacylglycerol
predicted progression of renal disease independently of AER.
With regard to triacylglycerol, our results are largely in line
with earlier studies showing that triacylglycerol predicts
incident microalbuminuria [11, 15, 16].

Notably, we extended this observation by studying the
lipid profile in more detail, including also apolipoproteins,
HDL-cholesterol subclasses and ratios. Surprisingly, high
HDL3-cholesterol and ApoA-II were also predictors of
microalbuminuria in Cox regression analyses, and these
variables predicted the development of microalbuminuria
independently of AER. The results are somewhat puzzling,
since the direction of the variables changed when patients
entered the later stages of diabetic nephropathy. HDL3

particles contain both ApoA-I and ApoA-II proteins as their
main constituents, while the majority of ApoA-I particles
resides in the HDL2-density range [20]. The impact of
ApoA-II and small dense HDL particles on atherosclerosis
have been controversial [21–23], but it has been speculated
that HDL particles containing both ApoA-I and ApoA-II
(lipoprotein (Lp)A-I–A-II) would be less effective than
particles containing ApoA-I (LpA-I), with respect to
reverse cholesterol transport [24, 25]. Also, an association
between new cardiovascular events and a decreased ratio of
LpA-I to LpA-I–A-II particles was observed in patients
with type 1 diabetes [26]. In severe renal disease HDL3-
cholesterol and ApoA-II levels are often reduced, as also

Fig. 1 HRs for progression of renal disease when patients were
stratified for quartiles of triacylglycerol. Triacylglycerol ranges were:
0.31–0.72 (white), 0.73–0.93 (light grey), 0.94–1.27 (dark grey) and
1.28–10.16 (black) mmol/l, for patients with normal AER; 0.44–0.82
(white), 0.83–1.08 (light grey), 1.09–1.56 (dark grey) and 1.57–8.82
(black) mmol/l for patients with microalbuminuria; and 0.49–1.02
(white), 1.03–1.36 (light grey), 1.37–2.02 (dark grey) and 2.03–11.31
(black) mmol/l for patients with macroalbuminuria at baseline. *p<
0.05 compared with the first triacylglycerol quartile

Table 4 Lipids and lipoproteins entered separately into Cox regression models for progression to macroalbuminuria adjusted for traditional risk
factors or for traditional risk factors and AER

Variable Adjusted HR (95% CI)

Traditional risk factorsa p value Traditional risk factorsa and AER p value

Total cholesterol (mmol/l) 1.28 (0.96–1.71) NS 0.95 (0.71–1.28) NS

LDL-cholesterol (mmol/l) 1.17 (0.84–1.63) NS 0.89 (0.64–1.22) NS

HDL-cholesterol (mmol/l) 0.59 (0.24–1.45) NS 0.65 (0.24–1.73) NS

HDL2-cholesterol (mmol/l) 0.36 (0.09–1.50) NS 0.45 (0.09–2.21) NS

HDL3-cholesterol (mmol/l) 0.85 (0.18–4.08) NS 0.59 (0.09–3.65) NS

Non-HDL-cholesterol (mmol/l) 1.30 (0.99–1.73) NS 0.99 (0.74–1.32) NS

Loge triacylglycerol 2.69 (1.53–4.71) 0.001 1.52 (0.76–3.04) NS

ApoA-I (g/l) 1.11 (0.26–4.77) NS 0.65 (0.13–3.30) NS

ApoA-II (g/l) 17.93 (0.73–438.79) NS 0.47 (0.01–23.32) NS

ApoB (g/l) 4.58 (1.36–15.48) 0.01 1.48 (0.39–5.58) NS

ApoB/ApoA-I 3.67 (1.05–12.91) 0.04 1.76 (0.47–6.59) NS

ApoA-I/ApoA-II 0.71 (0.47–1.08) NS 0.98 (0.67–1.42) NS

Loge (HDL2-/HDL3-cholesterol) 0.75 (0.41–1.35) NS 0.82 (0.42–1.61) NS

Loge (triacylglycerol/HDL-cholesterol) 2.01 (1.30–3.09) 0.002 1.35 (0.82–2.21) NS

a HbA1c, sex, smoking, SBP, BMI and duration of diabetes
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seen in this study, but the role of HDL3-cholesterol and
ApoA-II in early renal disease is less clear. In the Pittsburgh
Epidemiology of Diabetes Complications Study, ApoA-II
was higher in patients with a duration of >20 years of type
1 diabetes who progressed to microalbuminuria [15]. In this
study, ApoA-II was also higher in those who developed
microalbuminuria, and correlated positively with triacyl-
glycerol (Spearman r=0.29) in patients with normal AER at
baseline (data not shown). Furthermore, high serum
triacylglycerol results in an enrichment of HDL particles
by triacylglycerol, which are a preferential substrate for
hepatic lipase, and hence leads to the generation of smaller

and denser HDL particles [27]. It is possible that this could
explain the positive predictive value of HDL3-cholesterol in
the development of microalbuminuria found in this study.

Serum triacylglycerol and ApoB and ApoB/ApoA-I and
the triacylglycerol/HDL-cholesterol ratios were indepen-
dent predictors of progression to macroalbuminuria in
separate models, but neither the lipid variables nor HbA1c

remained independent predictors when AER was included
in the models. However, this could have been because of
lack of power, since triacylglycerol and ApoA-I/ApoA-II
and HDL2-/HDL3-cholesterol ratio predicted progression of
renal disease independently of AER when patients with
normal AER and microalbuminuria were pooled. In the
EURODIAB and Pittsburgh Epidemiology of Diabetes
Complications studies, triacylglycerol did not predict the
progression to macroalbuminuria [17, 28].

Progressors from macroalbuminuria to ESRD showed
multiple lipid abnormalities, and progression was predicted
by high triacylglycerol and SBP, and surprisingly by low
BMI. However, it is well known that optimal nutrition is
essential for the prognosis of patients with ESRD and it can
be argued that a higher BMI could be protective also with
respect to the development of ESRD. In our study of the
metabolic syndrome as a risk factor for progression of renal
disease [29], we also found that the relationship between
obesity and development of ESRD might be inverted or U-
shaped. When baseline eGFR was entered into the model,
triacylglycerol was no longer an independent predictor. It is
of note that progression from macroalbuminuria to ESRD
was based on a change in renal function. Therefore, it is not

Table 5 Lipids and lipoproteins entered separately into Cox regression models for progression to ESRD adjusted for traditional risk factors or for
traditional risk factors and eGFR

Variable Adjusted HR (95% CI)

Traditional risk factorsa p value Traditional risk factorsa and eGFR p value

Total cholesterol (mmol/l) 1.45 (1.19–1.78) <0.001 1.35 (1.05–1.73) 0.02

LDL-cholesterol (mmol/l) 1.37 (1.07–1.75) 0.01 1.29 (0.98–1.68) NS

HDL-cholesterol (mmol/l) 0.32 (0.15–0.69) 0.003 1.04 (0.49–2.17) NS

HDL2-cholesterol (mmol/l) 0.26 (0.09–0.80) 0.02 1.29 (0.45–3.76) NS

HDL3-cholesterol (mmol/l) 0.26 (0.06–1.09) NS 0.81 (0.20–3.23) NS

Non-HDL-cholesterol (mmol/l) 1.46 (1.19–1.79) <0.001 1.23 (0.98–1.56) NS

Loge triacylglycerol 2.30 (1.50–3.53) <0.001 0.97 (0.59–1.60) NS

ApoA-I (g/l) 0.31 (0.10–0.99) 0.048 1.36 (0.43–4.30) NS

ApoA-II (g/l) 0.002 (0.00–0.08) 0.001 0.15 (0.004–6.55) NS

ApoB (g/l) 2.50 (0.96–6.54) NS 1.43 (0.53–3.86) NS

ApoB/ApoA-I 4.26 (1.53–11.84) 0.006 1.16 (0.41–3.30) NS

ApoA-I/ApoA-II 1.39 (1.09–1.78) 0.008 1.25 (0.97–1.61) NS

Loge (HDL2-/HDL3-cholesterol) 0.65 (0.46–0.91) 0.01 1.03 (0.69–1.53) NS

Loge (triacylglycerol/HDL-cholesterol) 2.01 (1.48–2.74) <0.001 1.02 (0.72–1.45) NS

a HbA1c, sex, smoking, SBP, BMI and duration of diabetes

Table 6 Cox regression analysis for progression to micro- or
macroalbuminuria with risk factors for progression of renal disease

Variable Adjusted HR (95% CI) p value

HbA1c (%) 1.28 (1.15–1.42) <0.001

Male sex (%) 1.74 (1.17–2.58) 0.006

Smoking (%) 1.09 (0.73–1.61) NS

SBP (mmHg) 1.00 (0.98–1.01) NS

BMI (kg/m2) 1.01 (0.96–1.06) NS

Duration (years) 1.00 (0.98–1.02) NS

Loge triacylglycerol 1.45 (1.02–2.04) 0.036

Loge AER 1.86 (1.60–2.18) <0.001

Loge eGFR 0.88 (0.41–1.90) NS

Patients with normal AER and microalbuminuria at baseline were
pooled
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unexpected that the inclusion of eGFR in the model
weakens the predictive power of other risk factors. Several
other lipid variables also predicted progression to ESRD,
for example high total cholesterol, LDL-cholesterol and
non-HDL-cholesterol and the ApoB/ApoA-I ratio, as well
as low HDL-cholesterol and ApoA-II. It is of note that total
cholesterol remained an independent predictor even after
the inclusion of eGFR. In the WHO MSWDD study,
triacylglycerol was predictive of renal failure in patients
with type 2 diabetes, but not in patients with type 1 diabetes
[30]. However, this could have been because of the power,
since the number of progressors was lower and triacylgly-
cerol was only measured in a sub-sample of patients.

ApoB is the main protein moiety of LDL, intermediate-
density lipoprotein (IDL) and very-low-density lipoprotein
(VLDL) particles and its concentrations are a good estimate
of the total particle number of these highly atherogenic
particles [31]. Each of these particles has one molecule of
ApoB, but over 90% of circulating ApoB are constituents
of the LDL particles [32]. However, high ApoB concen-
trations have been associated with cardiovascular disease
independently of LDL-cholesterol levels [33]. In this study,
ApoB was higher in patients who progressed at all stages of
renal disease. It was also a predictor of progression to
micro- and macroalbuminuria in Cox regression analyses,
but when AER was entered in the models, ApoB was no
longer an independent predictor. In the Pittsburgh Epide-
miology of Diabetes Complications Study, ApoB was also
higher in patients who progressed to micro- or macro-
albuminuria, but it was not an independent predictor of
progression [15, 34].

Serum levels of triacylglycerol are strongly related to
glycaemic control [8, 35]. However, triacylglycerol pre-
dicted progression from normal AER to microalbuminuria
independently of HbA1c. Our results therefore support an
additive effect of triacylglycerol on the progression of renal
disease beyond glycaemic control.

Small dense LDL particles are thought to be particularly
atherogenic and may damage the renal endothelium or
mesangium [36]. We did not measure LDL particle size, but
since the LDL particle size correlates inversely with
triacylglycerol [37], it is likely that our patients with high
triacylglycerol levels will also have a preponderance of
small LDL particles. LDL-cholesterol calculated with the
Friedewald formula was not a significant predictor of
progression of renal disease, but there are some limitations
with respect to the calculated LDL-cholesterol. It is less
accurate as plasma triacylglycerol concentrations increase,
and it contains both LDL-cholesterol and IDL-cholesterol.
When new build-up regression models were used to
calculate IDL- and LDL-cholesterol separately from the
Friedewald inputs, total cholesterol, triacylglycerol, HDL-
cholesterol and IDL-cholesterol was associated with mor-

tality in the FinnDiane Study population, but LDL-
cholesterol was not [38].

In this study, there were significant differences in non-
HDL-cholesterol concentrations between progressors and
non-progressors at all stages of renal disease, whereas the
LDL-cholesterol concentrations were only significantly
higher in patients who progressed to ESRD. Studies have
shown that in the presence of high triacylglycerol, LDL-
cholesterol concentrations alone do not seem to explain the
risk associated with an atherogenic lipid profile. Therefore,
the use of non-HDL-cholesterol has been suggested, as it
includes the cholesterol of VLDL, IDL, LDL and lipo-
protein(a), which are all considered to be atherogenic
particles [39]. In a pooled analysis of two large prospective
clinical trials non-HDL-cholesterol and ApoB were more
closely associated with cardiovascular outcome than LDL-
cholesterol in patients receiving statin therapy [40].

The strength of our study is that the patients in this large-
scale prospective study were evenly spread all over the
country, and account for about 8% of all patients with type
1 diabetes in Finland. Further, all lipid variables were
measured in the same laboratory, specialising in lipid
research. Thus, this cohort is ideal for a detailed study of
lipid abnormalities. An additional strength is that the
progression of renal disease was ascertained after a careful
review of the medical files. Therefore the follow-up was not
dependent on the patient’s participation in the study, only
on their regular visits to their physician.

In conclusion, lipid abnormalities, particularly high
triacylglycerol concentrations, increase the risk of progres-
sion of renal disease. Whether lower lipid targets than those
currently recommended would be beneficial with regard to
progression of renal disease remains an open question.
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