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Abstract
OBJECTIVE—This population study examines the relationship between LDL density and persistent
albuminuria in subjects with type 1 diabetes at the end of the Diabetes Control and Complications
Trial (DCCT).

RESEARCH DESIGN AND METHODS—Subjects were classified as persistently
normoalbuminuric (albumin excretion rate [AER] <30 mg/d, n = 1,056), microalbuminuric (AER
≥30–299 mg/day, n = 80), and macroalbuminuric (AER = 300 mg/day, n = 24) based on the last two
AER measures.

RESULTS—Triglyceride (P <0.01) and LDL cholesterol (P <0.01) levels were higher in
macroalbuminuric subjects compared with normoalbuminuric subjects. Cholesterol distribution by
density-gradient ultracentrifugation showed an increase in intermediate-density lipoprotein (IDL)
and a shift in peak LDL from buoyant toward more dense particles with progressive albuminuria. In
the entire group, there was a significant negative correlation between the peak buoyancy of LDL
particles and albuminuria (r = −0.238, P <0.001, n = 1,160). This correlation persisted in the
normoalbuminuric DCCT group (r = −0.138, P<0.001, n = 1,056).

CONCLUSIONS—As albuminuria increases in subjects with type 1 diabetes, dyslipidemia occurs
with an increase in IDL and dense LDL that may lead to increased cardiovascular disease.

Lipid abnormalities often develop with proteinuria even in the absence of renal insufficiency
in patients with and without diabetes (1–6). This dyslipidemia is characterized by higher total,
VLDL, intermediate-density lipoprotein (IDL), and LDL cholesterol levels as well as increased
triglyceride and apolipoproteinB (apoB) levels. HDL cholesterol was decreased in some
studies. Winocour et al. (7) found higher amounts of free and total cholesterol content of
IDL1, an IDL subspecies. More recently, Groop et al. (8) found increased IDL mass and a
decrease in the lipid:apoB ratio of the VLDL and IDL subfractions. Deighen et al. (9) found
higher amounts of small dense LDL in subjects with nondiabetic glomerular disease and AERs
>2.5 g/day compared with normal subjects.

The lipid abnormalities seen with proteinuria, both with and without diabetes, have been
associated with an increase in cardiovascular disease (CVD). Elevated total and LDL
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cholesterol levels are well-established risk factors for CVD. In addition, elevated IDL (10),
apoB (11), and triglyceride levels (12) and decreased HDL (13) levels have been associated
with CVD and are frequently seen in concert with small dense LDL (14).

CVD is a leading cause of morbidity and mortality among diabetic subjects, especially those
who are proteinuric (15–18) or microalbuminuric (19,20). Even nondia-betic subjects at the
microalbuminuric level may have an increased prevalence of CVD (1). The dyslipidemia that
accompanies albuminuria may possibly contribute to the increased risk of CVD in type 1
diabetes.

The Diabetes Control and Complications Trial (DCCT), a multicenter randomized clinical trial,
was designed to compare the effects of standard and intensive diabetes therapy on
microvascular complications. DCCT subjects were followed for a mean of 6.2 years. This study
examines the relationship between persistently albuminuric levels and small dense LDL as
well as the dyslipidemia associated with small dense LDL in a large unselected population of
subjects with type 1 diabetes.

RESEARCH DESIGN AND METHODS
Study population

The DCCT was a clinical trial involving 1,441 subjects with type 1 diabetes, aged 13–39 years
at baseline, who had a 1- to 15-year history of diabetes. Subjects under-went randomization to
intensive versus conventional diabetes treatment (21). The average follow-up time was 6.2
years. Subjects in the primary prevention cohort had an AER of <40 mg/day and no evidence
of retinopathy. Subjects in the secondary prevention cohort had an AER of <200 mg/day and
minimal to moderate nonproliferative diabetic retinopathy at baseline (22). There were no
baseline differences in triglyceride, total cholesterol, HDL cholesterol, or calculated LDL
cholesterol levels between the two cohorts (23).

Subjects were excluded from the study if they had a total cholesterol level >3 SDs above the
mean for sex and age as defined by The Lipid Research Clinics Population Studies Data
Book (24), a calculated LDL level >190 mg/dl, cardiovascular abnormalities such as major
electro cardiogram abnormalities, symptoms of peripheral vascular disease, a clinical history
of CVD, or a body weight >30% above ideal body weight as d e fined by the 1983 Metropolitan
Life Insurance Company norms (25). At the time of the final follow-up visit for the DCCT,
1,378 subjects had samples available for density-gradient ultracentrifugation (DGUC)
measurement. Of these, 1,299 were Caucasian with complete kidney function (albumin
excretion, serum creatinine, and creatinine clearance [CCr]), body measurement (BMI and
waist-to-hip ratio), and fasting lipid (triglyceride, total cholesterol, and HDL cholesterol) data.
Data from that visit are examined cross-sectionally in this article.

Subjects were classified based on AER as follows: persistent normoalbuminuria (<30 mg/day,
n = 1,056), persistent micro albuminuria (30–299 mg/day, n = 80), and persistent
macroalbuminuria (≥300 mg/day, n = 24) based on the last two albuminuria levels, and their
end-study characteristics were examined (Table 1). A total of 139 subjects could not be
classified at a persistent level of albuminuria and were not included in this analysis.

Chemical analyses
Laboratory parameters measured at the final follow-up of the DCCT after an overnight fast of
at least 8 h included total cholesterol, triglyceride, lipoprotein cholesterol distribution by
DGUC, apoAI, apoB, lipoprotein( a) [Lp(a)], HbA1c, urinary AER, and CCr. After the serum
was separated and stored briefly at −20°C, it was placed on dryice and sent immediately to the
DCCT Central Biochemistry Laboratory. Total cholesterol and triglyceride levels were
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measured by enzymatic methods. HbA1c was measured by high-performance liquid
chromatography. AER and CCr were measure d with methods described previously (21,26).
The plasma was stored at −70°C before being shipped on dry ice to the Northwest Lipid
Research Laboratories (NWLRL, Seattle, WA). At the NWLRL, Lp(a) mass was measured
with a monoclonal antibody-based enzyme-linked immunosorbent assay (27). apoB and apoAI
were measured by a highly standardized nephelometric system (28,29). Cholesterol
distribution was measured by DGUC with a Beckman VTI-65 rotor (Palo Alto, CA) (30,31).
In this procedure, 1.0 ml of plasma was mixed with 1.5 ml of NaCl solution (specific gravity
[sp.gr.] = 1.006) and 1.5 ml of KBr solution (sp.gr. = 1.21) for a final density of 1.080 g/ml
and then overlaid with an additional 9.5 ml of NaCl solution. Samples were ultracentrifuged
for 70 min at 65,000 rpm at 10°C to separate the lipoproteins by flotation characteristics. A
Brandel tube piercer (BR-184, Gaithersburg, MD) was used to drain the tube from the bottom
at a flow rate of 1.0 ml/min. Thirty-eight 0.35-ml fractions were collected with a Pharmacia
fraction collector (Piscataway, NJ). This procedure gives a continuous profile of lipoprotein
distribution based on flotation characteristics (32). This is the same principle described by
Winocour et al. (7) in their study of dyslipidemia in microalbuminuric subjects with type 1
diabetes, although Winocour et al. (7) analyzed pooled sequentially sampled fractions. A
cholesterol assay kit (Boehringer Mannheim, Indianapolis, IN) was used to measure the
cholesterol content in each fraction. The cholesterol content contained in each fraction was
expressed as a percentage of total cholesterol across all fractions and was calculated by dividing
each fraction by the sum of all fractions and then multiplying by 100%. Relative flotation rate
(Rf), a measure of buoyancy, was determined by dividing the fraction number containing the
peak LDL cholesterol level among fractions 7–19 by the total number of fractions collected
(n = 38).

Statistical analysis
DGUC fractional differences between groups were compared with Student’s t test (Fig. 1–Fig
3). Analysis of variance on ranks was used to compare the serum lipid, lipoprotein, and other
follow-up laboratory tests among the study groups by using the Kruskal-Wall is test to compare
all three groups simultaneously, followed by Dunn’s test to isolate the groups that differed.
Significance levels of 0.05 and 0.01 were used for assessment with Dunn’s test. A χ2 analysis
was used to compare categorical characteristics of the subjects such as sex, treatment group,
and intervention cohort (primary versus secondary) with albuminuria categories. Multiple
linear regression was used to analyze the entire population for the relationship of log10AER
with log10triglyceride and total, LDL, and HDL cholesterol levels and Rf independent of
treatment group assignment, sex, follow-up HbA1c level, CCr, and intervention cohort. The
correlation coefficient was also generated for Rf as a function of follow-up log10AER values.
SigmaStat (Jandel Scientific, Version 2.0, San Rafael, CA) was used for these determinations.

RESULTS
Differences between the group with microalbuminuria and the group with normoalbuminuria
were seen in both the quantity and distribution of lipids and lipoproteins. Among the lipid
measurements, triglyceride differed significantly between these two groups with higher values
for the group with microalbuminuria (Table 1). DGUC differences between these two groups
indicated that there was a higher percentage of dense VLDL and IDL cholesterol in the group
with microalbuminuria (Fig. 1). Also, there was a lower percentage of LDL cholesterol in
buoyant fractions for the microalbuminuric subjects and no change in the more dense LDL
cholesterol in fractions 7–11.

When comparing the chemical measurements of the macroalbuminuric group with those of the
normoalbuminuric group, the macroalbuminuric subjects had triglyceride, total cholesterol,
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LDL cholesterol, HbA1c, and apoB levels that were significantly higher and an HDL cholesterol
level that was significantly lower (Table 1). With DGUC, significantly higher percentages of
VLDL cholesterol and marginally higher percentages of cholesterol in some IDL fractions
were seen in subjects with macroalbuminuria (Fig. 2). Also, there was a lower percentage of
buoyant LDL, a marginally higher percentage of dense LDL, and a marginally lower percentage
of HDL cholesterol in the macroalbuminuric group.

When comparing the lipid and lipoprotein measurements of the macroalbuminuric group with
those of the microalbuminuric group, the macroalbuminuric subjects had higher mean
triglyceride, total cholesterol, LDL cholesterol, and apoB levels (Table 1). Although the
percentage of cholesterol in some VLDL fractions was marginally higher among those with
macroalbuminuria when using DGUC, there was no difference in the percentage of IDL
cholesterol (Fig. 3). Also, there was a higher percentage of dense LDL cholesterol and a lower
percentage of HDL cholesterol in subjects with macroalbuminuria. There were no significant
differences in the Lp(a) and apoAI levels among these three groups.

There was a significant inverse correlation between Rf and log10AER among all subjects (n =
1,160) in this study (r = −0.238, P<0.001). In addition, log10AER remained significantly
inversely correlated among all 1,056 normoalbuminuric subjects in this study (r = −0.138, P
< 0.001).

The relationships between the lipid abnormalities and albuminuric levels were independent of
other effects. When DGUC difference plots between albuminuric groups were generated
separately for male and female subjects, the same trends in cholesterol distribution existed for
each sex (data not shown). When DGUC difference plots between intensive and standard
treatment groups within the same albuminuric level were generated, there were no significant
differences. Multiple linear regression showed a significant independent relationship of
log10AER to log10triglyceride, total, LDL, and HDL cholesterol levels; and Rf when linearly
modeled with sex, treatment group (intensive versus conventional), CCr, intervention cohort
(primary versus secondary), BMI, and HbA1c as other independent variables (Table 2). In
addition, a statistically significant relationship between follow-up HbA1c and these lipids also
existed.

CONCLUSIONS
This large unselected study of subjects with type 1 diabetes at progressive stages of albuminuria
shows that a constellation of atherogenic abnormalities is present within the same population,
characterizes how those abnormalities evolve at progressive stages of albuminuria, and
indicates how prevalent such abnormalities may be. The LDL cholesterol elevation with
progressive albuminuria was characterized first by an increase in IDL subfractions, then by an
increase in the dense LDL subfractions with a decrease in bouyant LDL. These differences
associated with albuminuria were independent of HbA1c.

Among serum lipids and lipoproteins, there was a significantly higher triglyceride level with
microalbuminuria. In subjects with persistent macroalbuminuria, there was a further elevation
in triglyceride, total cholesterol, LDL cholesterol, and apoB levels when compared with
subjects with normoalbuminuria and microalbuminuria. Serum HDL cholesterol levels were
lower in the persistently macroalbuminuric group compared with the normoalbuminuric group.
Other studies of subjects with type 1 diabetes showed similar results. Watts et al. (4) found
higher total and LDL cholesterol and lower HDL cholesterol levels in subjects with type 1
diabetes and proteinuria when compared with normal control subjects. When Dullaart et al.
(5) analyzed the lipids and lipoproteins of a group of male subjects with type 1 diabetes and
microabuminuria, higher LDL cholesterol and apoB levels were found in these subjects
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compared with the normoalbuminuric subjects with and without diabetes, although triglyceride
and HDL cholesterol levels did not differ from the control subjects. Vannini et al. (6) found
higher mean total and LDL cholesterol, higher triglyceride and apoB, and lower HDL
cholesterol levels in dipstick-positive albuminuric patients with type 1 diabetes. Winocour et
al. (7) showed higher IDL cholesterol levels in pooled fractions of sera in subjects with type 1
diabetes and persistent microalbuminuria compared with normoalbuminuric subjects. Deighen
et al. (9) showed greater amounts of small dense LDL in subjects with nondiabetic glomerular
disease and nephrotic-range proteinuria.

This study shows AER to be independently related to triglyceride; total, LDL, and HDL
cholesterol; and Rf when modeled with HbA1c, sex, treatment group assignment, and
intervention cohort (Table 2). The study also shows that albuminuria has its own unique
association with lipid abnormalities.

There was a significant independent effect of HbA1c on follow-up triglyceride, total and LDL,
and HDL cholesterol levels consistent with the effects of poorer glycemic control on lipids
(33). In addition, this study shows an independent association between HbA1c and Rf.

A significantly higher amount of IDL cholesterol was seen at the persistently microalbuminuric
stage compared with the normoalbuminuric stage (Fig. 1). There were lower amounts of some
of the more buoyant LDL and marginally higher amounts of some VLDL fractions. At the
persistently macroalbuminuric level, there was a significantly higher amount of VLDL and
dense LDL, and there was less HDL and buoyant LDL cholesterol than in the
normoalbuminuric subjects. Thus, there appears to be a progressive deterioration of lipids at
progressive stages of persistent albuminuria.

Groop et al. (8) found that albuminuric subjects with type 1 diabetes have an increase in amount
of apoB-containing particles due to apoB enrichment along the delipidation cascade with
increased apoB in dense VLDL (VLDL2) and IDL cholesterol, and this reflects a greater
number of these particles. That study also found a significant increase in IDL mass (combined
lipid and apolipoprotein concentrations) at the microalbuminuric level that was not
significantly different at the persistently macroalbuminuric level. By using DGUC, this study,
which examines the full spectrum of apoB-containing particles, found more IDL cholesterol
in persistently microalbuminuric subjects and more VLDL, IDL, and dense LDL cholesterol
in persistently macroalbuminuric subjects. The differences between the persistently
macroalbuminuric and normoal-buminuric subjects in the IDL fractions (Fig. 2) do not reach
statistical significance because of the smaller group of subjects (n = 25 macroalbuminuric
subjects). A larger number of persistently macroalbuminuric subjects might have yielded
statistically significant differences like those seen when the persistently microalbuminuric
subjects were compared with the normoalbuminuric subjects (Fig. 1).

This study connects the findings of Groop et al. (8), who showed an increase in hepatic lipase
(HL) with albuminuria, with the findings of Zambon et al. (34), who showed that an increase
in HL is associated with an increase in dense LDL. The increase in HL activity seen with
albuminuria by Groop et al. (8) may lead to an accumulation of small dense LDL in subjects
with type 1 diabetes. The present study demonstrated higher levels of dense LDL with
albuminuria, which would be expected if HL plays an important physiologic role in the
formation of small dense LDL. The findings of this study differ from those of Lahdenperä et
al. (35), who found no significant differences in LDL density distribution among the three
levels of albuminuria in subjects with diabetes. However, serum triglyceride was higher at
higher levels of albuminuria in this study, and this study also controls for known sex-related
effects on LDL density (36) and particle size (37). These study differences could result in the
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stronger relationship between small dense LDL and albuminuria that was seen in this study
and in Deighen et al. (9).

In conclusion, this analysis of the DCCT end-study cohort found that significant atherogenic
lipid and lipoprotein abnormalities were associated with progressive stages of persistent
albuminuria. To our knowledge, the increase in small dense LDL at progressive levels of
persistent albuminuria together with increased IDL in subjects with type 1 diabetes has not
been previously reported in a large population-based study. Direct assessment of the role of
HL on the increase in dense LDL seen in subjects with type 1 diabetes and albuminuria must
be conducted. The dyslipidemia associated with persistent albuminuria may provide one
mechanism for the increase in CVD seen in type 1 diabetic subjects with albuminuria.
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Figure 1.
Difference plot comparing the mean lipoprotein levels of each normalized fraction from the
DGUC for the microalbuminuric group (n = 80) versus the normoalbuminuric group (n =
1,056). If the difference is positive, the microalbuminuric cholesterol value is greater than the
normoalbuminuric value. │, standard density-gradient fractions with HDL located in fractions
1–8, LDL in fractions 9–19, IDL in fractions 20–30, and VLDL in fractions 31–38 (36). For
a fractional difference, , P ≤ 0.05; , 0.05 < P ≤ 0.10; ●, not significant.
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Figure 2.
Difference plot comparing the mean cholesterol levels of each normalized fraction from the
DGUC for the macroalbuminuric group (n = 24) versus the normoalbuminuric group (n =
1,056). If the difference is positive, the macroalbuminuric cholesterol value is greater than the
normoalbuminuric value. │, Standard fractions. For a fractional difference, , P ≤0.05;  0.05
< P ≤ 0.10; ●, not significant.
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Figure 3.
Difference plot comparing the mean cholesterol levels of each normalized fraction from the
DGUC for the macroalbuminuric group (n = 24) versus the microalbuminuric group (n = 80).
If the difference is positive, the macroalbuminuric cholesterol value is greater than the
microalbuminuric value. │, Standard fractions. For a fractional difference, , P ≤ 0.05;  0.05
< P ≤ 0.10; ●, not significant.
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Table1
Follow-up characteristics of subjects

Normoalbuminuria (AER
<30 mg/day)

Microalbuminuria (AER
= 30–299 mg/day)

Macroalbuminuria (AER
≥300 mg/day)

n 1,056 80 24

Intensive/standard treatment 554/502 31/49* 6/18*

M/F 580/476 51/29 18/6

1°/2° 570/486 18/62† 2/22†

Age (years) 33.6 (33.2–34.0) 32.8 (31.1–34.6) 33.0 (30.3–35.6)

BMI (kg/m2) 25.8 (25.6–26.1) 25.5 (24.7–26.2) 24.6 (23.4–25.7)

AER (mg/day) 10.0 (9.7–10.4) 93.6 (78–109)† 1,931 (1,099–2,764)†

CCr (ml/s · 1.73 m−2) 2.02 (1.98–2.05) 2.09 (1.98–2.20) 1.72 (1.45–1.98)*‡

HbA1c (%) 8.01 (7.90–8.12) 8.66 (8.12–9.21)* 8.93 (7.96–9.90)†

Serum creatinine (µmol/l) 76.3 (75.5–77.0) 77.6 (75.0–80.1) 107.2 (89.5–124.9)†§

Systolic blood pressure (mm Hg) 115 (114–116) 122 (119–125)† 131 (127–135)†‡

Diastolic blood pressure (mm Hg) 73.6 (73.1–74.2) 78.2 (76.6–79.8)† 84.5 (80.7–88.3)†‡

Triglyceride (mmol/l) 0.91 (0.88–0.94) 1.11 (0.98–1.25)* 1.65 (1.27–2.03)†

Total cholesterol (mmol/l) 4.63 (4.58–4.68) 4.76 (4.55–4.97) 5.54 (4.99–6.09)†

LDL cholesterol (mmol/l) 2.89 (2.84–2.93) 3.01 (2.84–3.18) 3.64 (3.18–4.09)†

HDL cholesterol (mmol/l) 1.33 (1.31–1.34) 1.25 (1.18–1.31) 1.15 (1.05–1.25)

ApoAI (mg/dl) 138 (137–139) 138 (133–143) 140 (133–147)

ApoB (mg/dl) 83 (82–84) 89 (84–94) 110 (99–121)

Lp(a) (mg/dl) 21 (19–22) 20.8 (16.1–25.6) 20.9 (9.0–32.9)

Data are means (95% CI).

*
P = 0.05 for comparison with the normoalbuminuric value

†
P = 0.01 for comparison with the normoalbuminuric value

‡
P = 0.05 for comparison with the microalbuminuric value

§
P = 0.01 for comparison with the microalbuminuric value.
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