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RESEARCH DESIGN AND METHODS — A case-control study was conducted with 72
patients: 37 were normoalbuminuric (urinary albumin excretion rate [UAER] ⬍20 g/min), and
35 were microalbuminuric (UAER 20 –200 g/min). After 4 weeks of a standardized diet, the
fatty acid composition of phospholipid, triglyceride, and cholesterol ester fractions was determined by gas chromatography. Total cholesterol and triglycerides were measured by enzymaticcolorimetric methods; cholesterol HDL by double precipitation with heparin, MnCl2, and
dextran sulfate; and apolipoprotein B by immunoturbidimetry.
RESULTS — Microalbuminuric patients showed a lower proportion of polyunsaturated fatty
acids (24.8 ⫾ 11.0%), especially of the n-6 family (21.7 ⫾ 10.5%), in triglyceride fraction than
normoalbuminuric patients (34.1 ⫾ 11.3%, P ⫽ 0.001 and 31.4 ⫾ 11.5%, P ⬍ 0.001, respectively). Patients with microalbuminuria also presented higher levels of saturated fatty acids in
triglyceride fraction (43.4 ⫾ 18.0% vs. 34.7 ⫾ 13.1%, P ⫽ 0.022). In the logistic regression
analysis, only the proportion of polyunsaturated fatty acids in triglyceride fraction remained
significantly associated with microalbuminuria (odds ratio [OR] 0.92, 95% CI 0.85– 0.98, P ⫽
0.019). Total cholesterol, HDL cholesterol, triglyceride, and apolipoprotein B levels were similar
in normo- and microalbuminuric patients.
CONCLUSION — Microalbuminuria in type 2 diabetic patients is associated with low polyunsaturated fatty acid contents in serum triglyceride fraction. This association may represent a
risk factor for cardiovascular disease and may contribute to the progression of renal disease.
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icroalbuminuria is known to be
an independent risk factor for cardiovascular death in type 2 diabetic patients (1,2), but the mechanisms
underlying this association have not been
clarified. It could be that other cardiovascular risk factors that are frequently asso-

ciated with microalbuminuria, such as
hyperglycemia, hypertension (3), and endothelial dysfunction (4), might also contribute to the increased cardiovascular
mortality observed in these patients. In
addition, dyslipidemia has also been described in type 2 diabetic patients with
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RESEARCH DESIGN AND
METHODS
Patients
A case-control study was conducted with
72 patients with type 2 diabetes (according to World Health Organization criteria) (10) attending the Endocrine
Division’s outpatient clinic at Hospital de
Clı́nicas de Porto Alegre, Brazil. Patients
were selected on the basis of the following
criteria: age ⬍75 years; BMI ⬍35 kg/m2;
good compliance with diabetes treatment; triglyceride levels ⬍4.52 mmol/l;
urinary albumin excretion rate (UAER) ⬍
200 g/min; normal liver and thyroid
function; and absence of urinary tract infection, other renal disease, and cardiac
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OBJECTIVE — To determine the fatty acid composition of serum phospholipid, triglyceride,
and cholesterol ester fractions and to analyze the lipid profile of microalbuminuric type 2
diabetic patients.

microalbuminuria (2,5,6). Although
those studies did not specifically assess
the effect of nutrient intake, the effect of
dietary habits on the development of dyslipidemia in these microalbuminuric patients cannot be ruled out.
Dietary habits influence serum lipid
levels and renal function in patients with
diabetes. For example, higher intake of
fish protein has been shown to be related
to a lower risk for microalbuminuria in
type 1 diabetic patients (7), and replacement of red meat with chicken reduces
albumin excretion rate and serum cholesterol levels in microalbuminuric type 2
diabetic patients (8). These effects may result from the high content of polyunsaturated fatty acids in fish and chicken meat.
An altered fatty acid composition of serum cholesterol esters has been observed
to be a risk factor for the development of
myocardial infarction in men (9). However, the fatty acid composition of plasma
lipid fractions in type 2 diabetic patients
with microalbuminuria is virtually unknown.
Therefore, the objective of this study
was to determine the fatty acid composition of serum lipid fractions and to describe the lipid profile of type 2 diabetic
patients with microalbuminuria following a standardized diet.

Fatty acids in lipid fractions in microalbuminuria

Diet
During the run-in period, each patient received standardized nutritional guidelines developed by a nutritionist
following American Diabetes Association
recommendations (11) as close as possible. The amount and source of protein
from the patient’s usual diet was not modified. Patients were also given corn oil [fatty acid composition as indicated by the
manufacturer: palmitic acid (10%);
stearic acid (2%); oleic acid (31%); linoleic acid (56%); other acids (1%)] to prepare their food during this period.
Compliance was assessed by means of
2-day weighed diet records and 24-h urinary nitrogen output at the end of the second and the fourth weeks, as previously
reported (12). Patients were assessed after
a minimum of 4 weeks following the end
of the run-in period.
Laboratory measurements
Blood samples were obtained after a 12-h
fast. Serum was separated after centrifugation at 1,500g for 15 min and stored at
– 80°C for later laboratory measurements.
Total HDL cholesterol and its HDL2 and
HDL3 subfractions were separated by
double precipitation with heparin,
MnCl2, and dextran sulfate. Then, total
614

cholesterol, total HDL, HDL2, and HDL3
cholesterol and triglycerides were measured by enzymatic-colorimetric methods
(Merck Diagnostica, Darmstadt, Germany; Boeringher Mannheim, Buenos
Aires, Argentina). Non-HDL cholesterol
was determined according to the difference between total cholesterol and HDL
cholesterol. LDL cholesterol was calculated using Friedewald’s formula (LDL ⫽
total cholesterol – HDL – TG/5). Apolipoprotein B was determined by immunoturbidimetric assay (Kit Unimate 3; Roche
Diagnostic System, Basel, Switzerland; intra-assay coefficient of variation 4.2%).
Fatty acids were determined in phospholipid, triglyceride, and cholesterol ester fractions. Lipids were extracted from
serum with chloroform-methanol (2:1 by
volume) according to the method of Folch
et al. (13). Fatty acid fractions were separated by thin-layer chromatography using
a silica gel plate (Silica Gel F240, Merck)
and mobile-phase development, using a
mixture of hexane, diethyl ether, and acetic acid glacial (80:20:1, respectively, by
volume) (14). Fractions were visualized
by iodine vapor. Phospholipid, triglyceride, and cholesterol ester bands were
scraped into separate tubes, and lipids
were extracted from silica with chloroform-methanol and converted into fatty
acid methyl esters by boron trifluoride catalysis (15). The methyl esters were then
separated and measured by gas chromatography on a 60 m fused silica capillary
column with an internal diameter of 0.20
m (CP–Sil 88). Analysis was performed
on a Hewlett-Packard 6890 gas chromatograph equipped with a flame ionization detector. Helium was used as carrier
gas and nitrogen as make-up gas. The
split-ratio was 5:1. The injection port
temperature was 200°C and the detector
temperature was 250°C. The column
temperature was held at 160°C for 5 min
and increased to 190°C at a rate of 2°C/
min; it was then held at this temperature
for 2 min, and increased again to 220°C at
a rate of 1°C/min. The identity of each
fatty acid peak was ascertained by comparison of peak retention time with a previously characterized mixture of 20 fatty
acids. The relative amount of each fatty
acid (% of total fatty acid) was quantified
by integrating the area under the peak and
dividing the result by the total area for all
fatty acids.
Urinary albumin was measured in
24-h timed sterile urine samples by im-

munoturbidimetry (Sera-Pak immuno
microalbuminuria; Bayer, Tarrytown,
NY; mean intra- and interassay coefficients of variation 4.5 and 11.0%, respectively). Microalbuminuria was considered
to be present when UAER measurement
was 20 –200 g/min at least twice in a
6-month period. Plasma glucose level was
determined by a glucose oxidase method,
serum creatinine level by the Jaffé reaction, GHb by an ion exchange highperformance liquid chromatography
procedure (Merck-Hitachi L-9100 GhB
analyzer, reference range 2.7– 4.3%;
Merck, Darmstadt, Germany), and fructosamine by a colorimetric method (normal range 1.87–2.87 mmol/l). Urinary
urea was measured by an enzymatic ultraviolet method (mean intra-assay coefficient of variation 3.8%). The protein
intake was calculated using 24-h urine by
the following formula: protein intake (g/
day) ⫽ nitrogen intake ⫻ 6.25. The nitrogen intake was estimated by urinary urea
nitrogen ⫹ non-urea nitrogen, where urinary urea nitrogen ⫽ urinary urea ⫼ 2
and non-urea nitrogen ⫽ 0.031 g N/kg
body weight/day, assuming patients presented nitrogen balance (16).
Genotype analysis
The genotype analysis of the amino acid
variant (A54T) of the fatty acid– binding
protein type 2 (FAPB2) gene was performed by PCR amplification using 100
ng of genomic DNA extracted from peripheral leukocytes and specific primers
(5⬘-ACAGGTGTTAATATAGTGAA
AAG-3 and 5⬘-TACCCTGAGTTCAGT
TCCGTC-3⬘) for exon 2 (22). Each PCR
contained 1 mol/l of each primer, 2
mmol/l MgCl2, 50 mmol/l KCl, 20 mmol/l
Tris-HCl, pH 8.4, 0.2 mmol/l of dNTPs
and 1 IU Taq polymerase in a final volume
of 25–50 l (Gibco). Reactions were performed in a thermal cycler (PTC-100 apparatus, MJ Research, Watertown, MA) at
94°C (1 min), 64°C (1 min), and 72°C (1
min) for 35 cycles; a final extension was
carried out for 5 min at 72°C. T-alleles
were displayed as an uncut 180-bp fragment and A-alleles were shown as a doublet of 99- and 81-bp bands. Patients were
classified in groups of AA or AT and TT
according to the presence of the alleles.
All amplification reactions were performed twice.
DIABETES CARE, VOLUME 26, NUMBER 3, MARCH 2003
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failure. Treatment with antihypertensive
and oral antidiabetic agents was maintained during the study. None of the patients were using hypolipidemic agents. A
total of 37 patients were classified as normoalbuminuric (UAER ⬍20 g/min) and
35 as microalbuminuric (UAER 20 –200
g/min confirmed at least twice in a
6-month period). The Ethics Committee
at Hospital de Clı́nicas approved the protocol and patients gave their written informed consent before entering the study.
Eligible patients entered a run-in period
of ⬃2 months, during which they were
oriented to achieve the best possible metabolic control through dietary adjustments and use of oral antidiabetic agents
or insulin.
At the end of the run-in period, patients underwent a clinical evaluation.
BMI (kg/m2) was calculated. Sitting blood
pressure was measured twice to the nearest 2 mmHg, after a 10-min rest, using a
standard mercury sphygmomanometer
(phases I and V of Korotkoff). Hypertension was defined as blood pressure
ⱖ140/90 mmHg or use of antihypertensive drugs.
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Table 1—Clinical, laboratory characteristics, and lipid profile of type 2 diabetic patients
Microalbuminuric

37
58.9 ⫾ 10.1
18 (48.6)
10.6 ⫾ 7.5
21 (56.8)
5/28/0/4
26.4 ⫾ 3.5
121 ⫾ 34
3.07 ⫾ 0.54
4.97 ⫾ 0.78
0.87 ⫾ 0.19
6.38 (3.78–7.66)
114 ⫾ 31
196 ⫾ 39
120 (92–195)
52 ⫾ 20
14 ⫾ 13
37 ⫾ 15
113 ⫾ 32
144 ⫾ 39
4.22 ⫾ 1.61

35
56.0 ⫾ 9.3
20 (57.1)
11.5 ⫾ 7.7
22 (62.9)
2/16/7/10
27.9 ⫾ 2.7
124 ⫾ 32
3.39 ⫾ 0.54
5.50 ⫾ 1.28
0.88 ⫾ 0.18
51.4 (31.9–81.4)
124 ⫾ 30
203 ⫾ 35
122 (88–175)
49 ⫾ 16
11 ⫾ 12
38 ⫾ 13
124 ⫾ 29
153 ⫾ 35
4.36 ⫾ 1.05

P
0.207
0.490
0.650
0.637
0.003
0.052
0.698
0.015
0.041
0.587
0.177
0.432
0.818
0.572
0.342
0.740
0.157
0.305
0.672

Data are expressed as mean ⫾ SD, median (95% CI), or number of patients (%) with the characteristic. D/OA/I/I⫹OA, diet only/oral antidiabetic agents/insulin/
insulin associated with oral antidiabetic agent.

Statistical analysis
The characteristics of normoalbuminuric
and microalbuminuric patients were analyzed using the unpaired Student’s t test,
Mann-Whitney U test, 2 tests, or Fisher’s
exact test as appropriate. The Pearson correlation coefficient was used for testing
the relationships among the different fatty
acid fractions. P values ⬍0.05 were considered to be statistically significant. Multiple logistic regression analysis was
performed with microalbuminuria as the
dependent variable, and possible associated factors were selected according to
their significance (P ⬍ 0.10) in univariate
analyses. Results were expressed as medians and 95% CI or means ⫾ SD unless
otherwise stated. SPSS 10.0 (SPSS, Chicago, IL) was used for the analyses.
RESULTS
Patient characteristics
The main clinical and laboratory characteristics of normoalbuminuric and microalbuminuric patients are shown in
Table 1. All women were postmenopausal
and only two (one normoalbuminuric
and one microalbuminuric) were using
hormone replacement therapy (conjugated estrogens). The microalbuminuric patients were more often treated with
DIABETES CARE, VOLUME 26, NUMBER 3, MARCH 2003

insulin and presented higher levels of
fructosamine and GHb than the normoalbuminuric patients. Antihypertensive treatment was calcium channel
blockers, diuretics, direct vasodilators,
ACE inhibitors, and ␤-blockers. No difference was observed in the proportion of
antihypertensive drugs used by normoand microalbuminuric patients.
Serum lipid levels
Serum lipid levels are shown in Table 1.
No difference was observed between
normo- and microalbuminuric patients
regarding serum levels of apolipoprotein
B, total cholesterol, HDL cholesterol and
fractions, LDL cholesterol, non-HDL cholesterol, and triglycerides.
Fatty acid composition
The fatty acid composition of phospholipid, triglyceride, and cholesterol ester
fractions is described in Table 2. Polyunsaturated fatty acids (PUFA) tended to be
lower and saturated fatty acids (SFA)
higher in all fractions of microalbuminuric diabetic patients, but statistical sign i fi c a n c e w a s o b s e r v e d o n l y f o r
triglyceride fractions.
In triglyceride fractions, a lower
proportion of PUFA was observed in
microalbuminuric than in normoalbu-

minuric patients. This reduction was
mainly due to a decrease in the proportion of n-6 fatty acids in microalbuminuric patients as compared with
normoalbuminuric patients. Analyzing
individual n-6 family fatty acids in the triglyceride fraction, it was observed that the
proportion of linoleic (19.1 ⫾ 10.1% vs.
23.7 ⫾ 10.6%; P ⫽ 0.066), ␥-linolenic
[0.23% (0 – 0.39) vs. 0.54% (0.01– 0.93);
P ⫽ 0.054], eicosadienoic (0.69 ⫾ 0.82%
vs. 1.30 ⫾ 1.75%; P ⫽ 0.067), and arachidonic acids [1.09% (0.61–2.21) vs.
1.20% (0.61–2.21); P ⫽ 0.069] also
tended to be lower in microalbuminuric
patients, although without statistical significance.
On the other hand, the proportion of
SFA in the triglyceride fraction was higher
in microalbuminuric than normoalbuminuric patients. The proportion of
monounsaturated fatty acids (MUFA) was
similar in microalbuminuric patients and
normoalbuminuric patients. In a multiple
logistic regression analysis, the proportion of PUFA in triglyceride fraction (odds
ratio [OR] 0.92, 95% CI 0.85– 0.98; P ⫽
0.019) was the only factor associated with
microalbuminuria. SFA (OR 1.01, 95%
CI 0.96 –1.06; P ⫽ 0.647), BMI (OR 1.15;
95% CI 0.97–1.37; P ⫽ 0.106), and GHb
615
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n
Age (years)
Gender (male)
Diabetes duration (years)
Hypertension
Diabetes treatment (D/OA/I/I⫹OA)
BMI (kg/m2)
Fasting plasma glucose (mg/dl)
Fructosamine (mmol/l)
GHb (%)
Serum creatinine (mg/dl)
24 h UAER (g/min)
Apolipoprotein B (mg/dl)
Cholesterol (mg/dl)
Triglycerides (mg/dl)
HDL (mg/dl)
HDL2 (mg/dl)
HDL3 (mg/dl)
LDL (mg/dl)
Non-HDL cholesterol (mg/dl)
Cholesterol/HDL ratio

Normoalbuminuric

Fatty acids in lipid fractions in microalbuminuria

Table 2—Fatty acid composition (% of the total amount of fatty acids) in lipid fractions in type 2 diabetic patients with normoalbuminuria and
microalbuminuria
Microalbuminuric

P

37

35

34.70 ⫾ 13.09
31.20 ⫾ 13.21
34.10 ⫾ 11.31
31.36 ⫾ 11.45
2.09 ⫾ 3.40

43.38 ⫾ 18.04
31.83 ⫾ 13.37
24.79 ⫾ 11.01
21.67 ⫾ 10.55
2.20 ⫾ 5.50

0.022
0.840
0.001
⬍0.0001
0.920

21.77 ⫾ 9.83
17.25 ⫾ 10.20
60.98 ⫾ 13.15
54.29 ⫾ 14.76
5.98 ⫾ 6.56

26.15 ⫾ 11.42
17.92 ⫾ 12.08
55.62 ⫾ 14.95
51.72 ⫾ 14.76
3.44 ⫾ 3.39

0.085
0.799
0.111
0.463
0.044

54.23 ⫾ 14.13
11.49 ⫾ 11.01
34.28 ⫾ 11.93
31.94 ⫾ 10.77
1.93 ⫾ 1.89

57.29 ⫾ 16.48
11.63 ⫾ 11.09
30.74 ⫾ 12.85
28.44 ⫾ 11.79
1.87 ⫾ 1.44

0.406
0.958
0.236
0.199
0.876

Data are expressed as mean ⫾ SD.

(OR 1.60; 95% CI 0.86 –2.96; P ⫽ 0.137)
were excluded from the model.
In cholesterol ester fraction, the proportion of total PUFAs tended to be lower
in microalbuminuric than in normoalbuminuric patients, although without statistical significance (P ⫽ 0.111). However,
the level of n-3 fatty acids was lower in
microalbuminuric than in normoalbuminuric patients. No difference was
observed between normo- and
microalbuminuric patients in terms of
other groups of fatty acids (n-6 family,
SFA, and MUFA). Analyzing individual
fatty acid composition, it was observed
that the proportion of ␥-linolenic acid
(C18:3 n-6) was lower in microalbuminuric patients [0.46% (95% CI 0 – 0.75)]
than in normoalbuminuric patients
[0.57% (0.36 –1.02); P ⫽ 0.028]. The
proportion of long-chain n-3 fatty acids
was similar in both groups of patients, although the median proportion of docohexaenoic acid (22:6 n-3) tended to be
lower (P ⫽ 0.112) in microalbuminuric
[0.76% (0 –5.40)] than in normoalbuminuric patients [1.03% (0.40 – 6.93)].
In phospholipid fraction, fatty acid
composition (SFA, MUFA, and PUFA)
was similar in normo- and microalbuminuric patients. The analysis of individual
fatty acids revealed that the microalbuminuric patients did not present any de616

tectable amount of n-3 ␣-linolenic acid
(C18:3 n-3).
When the proportion of fatty acids
was compared in different lipid fractions,
we observed a significant positive correlation between triglyceride and phospholipid fractions regarding SFA (r ⫽ 0.356;
P ⫽ 0.003) and PUFA content (r ⫽ 0.566;
P ⬍ 0.001). A positive correlation was
also observed between triglyceride and
cholesterol ester fractions concerning the
proportion of SFA (r ⫽ 0.351; P ⫽ 0.003)
and PUFA (r ⫽ 0.215). However, the significance of this correlation was marginal
for the proportion of PUFA (P ⫽ 0.07).
Genotype analysis
FAPB2 polymorphism was determined in
69 patients, with the following distribution: AA 29 patients (42.0%); AT 37 patients (51.4%); and TT 3 patients (4.2%).
The frequency of allele A was 0.69. The
frequency of allele T was 0.31. The observed genotype distribution was in
agreement with the Hardy-Weinberg
equilibrium. The genotype distribution of
FAPB2 gene polymorphism according to
the presence of the T allele was similar in
microalbuminuric patients (58.8%) and
normoalbuminuric patients (57.1%) (P ⬎
0.05).

Characteristics of the diet
According to the weighed diet records,
normoalbuminuric and microalbuminuric patients had a similar intake of total
energy (1,699 ⫾ 436 vs. 1,660 ⫾ 427
kcal); carbohydrate (50.03 ⫾ 6.47 vs.
48.46 ⫾ 5.33%); protein (21.75 ⫾ 3.59
vs. 22.95 ⫾ 3.62%); fat (28.63 ⫾ 5.59 vs.
28.60 ⫾ 5.28%); SFA (8.32 ⫾ 2.30 vs.
8.41 ⫾ 2.05%); MUFA (9.62 ⫾ 2.42 vs.
9.92 ⫾ 2.41%); PUFA (7.89 ⫾ 2.30 vs.
7.49 ⫾ 2.18%); and cholesterol [174 mg
(150 –224) vs. 186 mg (156 –263)].
Total protein intake (g/kg body
weight) assessed by nitrogen output and
by weighed diet records was similar in
normoalbuminuric (1.25 ⫾ 0.3 vs.
1.31 ⫾ 0.3; P ⬎ 0.05) and microalbuminuric patients (1.31 ⫾ 0.4 vs. 1.25 ⫾ 0.3;
P ⬎ 0.05).
CONCLUSIONS — In this sample of
microalbuminuric type 2 diabetic patients, a lower proportion of PUFA, especially from the n-6 family, and a higher
proportion of SFA were observed in triglyceride fraction. As far as we know, this
is the first study to address fatty acid composition in type 2 diabetic patients with
microalbuminuria.
Abnormal fatty acid composition has
been described in type 2 diabetic patients
in general. The most consistent findings
DIABETES CARE, VOLUME 26, NUMBER 3, MARCH 2003
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n
Triglyceride fraction
SFA
MUFA
PUFA
PUFA n-6
PUFA n-3
Cholesterol ester fraction
SFA
MUFA
PUFA
PUFA n-6
PUFA n-3
Phospholipid fraction
SFA
MUFA
PUFA
PUFA n-6
PUFA n-3

Normoalbuminuric
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saturable kinetics. The G to A polymorphism of codon 54 of the FABP2 gene
(A54T) results in the substitution of an
alanine (A) for a threonine (T) in FABP2.
The presence of the T-54 allele of FABP2
has been associated with increased affinity of FABP2 for long-chain fatty acids
(22) and with elevated fasting plasma triglyceride levels in patients with type 2 diabetes (23). In the present study, the
proportion of normo- and microalbuminuric patients presenting the codon 54
polymorphism was not different. Therefore, it is very unlikely that our results
were influenced by different absorption of
fatty acids.
The changes in fatty acid composition
observed in this study were mainly related
to n-6 fatty acids. Linoleic acid is the precursor of this family of fatty acids (21).
The proportion of linoleic acid was similar in normo- and microalbuminuric patients; therefore, the lower content of
other n-6 fatty acids was probably due to
alterations in the metabolic pathways involved in the synthesis and metabolism of
the n-6 family of fatty acids (24).
Microalbuminuric patients had
higher levels of fructosamine and GHb,
indicating a less well-controlled metabolic state. However, these differences
were minimal and probably did not affect
the results, since the significance of the
association between GHb and microalbuminuria was lost in the multiple regression analysis. Furthermore, other authors
have also reported that metabolic control
did not influence the fatty acid composition of plasma lipid fractions in diabetic
patients (20,25).
The lower proportion of n-6 family
PUFA in these microalbuminuric patients
might affect renal function through the
arachidonic acid cascade. A reduced production of prostacyclin, an arachidonic
acid derivative with vasodilatory and
platelet inhibition properties, has been
described in microalbuminuric patients
(26). Furthermore, lower levels of n-6 acids are also associated with altered blood
viscosity, decreased membrane fluidity,
and endothelial dysfunction (27). In fact,
we have previously reported that endothelin 1, a marker of endothelial function,
was increased in dyslipidemic type 2 diabetic patients and related to higher levels
of albuminuria (28). Prospective studies
should be conducted to analyze the possible role of lipid fraction fatty acid composition as a risk factor for the

development of cardiovascular events
and/or microalbuminuria in type 2 diabetic patients.
The lipid profile of our microalbuminuric type 2 diabetic patients was not
different from that of normoalbuminuric
patients. Other studies have reported the
presence of dyslipidemia in microalbuminuric type 2 diabetic patients (2,5,6).
However, there is no information about
the dietary intake in some of those studies
(2,6). The increased level of triglycerides
and low levels of HDL reported in lean
microalbuminuric Japanese patients (5)
could be explained (29) in part by a
higher carbohydrate intake (60 vs. 50%)
as compared with the present study.
In conclusion, type 2 diabetic patients with microalbuminuria presented
lower levels of PUFA, especially of the n-6
family, in triglyceride fraction. Lower levels of PUFA in triglyceride fraction may
represent a risk factor for cardiovascular
disease and may contribute to the progression of renal disease in type 2 diabetic
patients with microalbuminuria.
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of previous studies are changes in the n-6
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