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Background: Data on the prevalence of dyslipidemia
in type 1 diabetes mellitus are scarce and are based on
total triglyceride and total cholesterol concentrations
alone.

Objective: To assess the effect of glycemic optimiza-
tion on the prevalence of dyslipidemia and low-density
lipoprotein cholesterol (LDL-C) concentrations requir-
ing intervention in patients with type 1 diabetes.

Patients: A total of 334 adults with type 1 diabetes and
803 nondiabetic control subjects.

Methods: Levels of glycosylated hemoglobin, total cho-
lesterol, total triglyceride, high-density lipoprotein cho-
lesterol (HDL-C), and LDL-C were assessed at baseline
and after 3 to 6 months of intensive therapy with mul-
tiple insulin doses.

Results: Levels of LDL-C greater than 4.13 mmol/L
(.160 mg/dL) and total triglyceride greater than 2.25
mmol/L (.200 mg/dL) and low HDL-C levels (,0.9
mmol/L [,35 mg/dL] in men or ,1.1 mmol/L [,45 mg/
dL] in women) were found in 16%, 5%, and 20% of pa-
tients and 13%, 6%, and 9% of controls, respectively

(P,.001 for HDL-C). Diabetic women showed more hy-
percholesterolemia than nondiabetic women (15.6% vs
8.5%; P=.04). After glycemic optimization (mean±SD gly-
cosylated hemoglobin decrease, 2.2±1.96 percentage
points), the prevalence of LDL-C levels greater than 4.13
mmol/L (.160 mg/dL) became lower in diabetic men than
in nondiabetic men (9.7% vs 17.5%; P=.04), but women
showed frequencies of dyslipidemia similar to their non-
diabetic counterparts. The proportion of patients with
LDL-C concentrations requiring lifestyle (.2.6 mmol/L
[.100 mg/dL]) or drug (.3.4 mmol/L [.130 mg/dL])
intervention decreased from 78% and 42% to 66% and
26%, respectively.

Conclusions: Low HDL-C is the most frequent dyslip-
idemic disorder in patients with poorly controlled insulin-
treated type 1 diabetes, and a high proportion show LDL-C
levels requiring intervention. Less favorable lipid pro-
files could explain the absence of sex protection in dia-
betic women. The improvement caused by glycemic op-
timization puts forward intensive therapy as the initial
treatment of choice for dyslipidemia in poorly con-
trolled type 1 diabetes.
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A THEROSCLEROTIC complica-
tions are the leading cause
of death in people with dia-
betes.1 Therefore, identify-
ing risk factors, such as

lipid abnormalities, that explain their car-
diovascular risk is essential. The lipid pro-
file of patients with type 1 diabetes melli-
tus is highly dependent on glycemic control.
Individuals with poorly controlled type 1
diabetes show high levels of total triglyc-
eride2-5 and total cholesterol2,3,5 and vari-
able concentrations of high-density lipo-
protein cholesterol (HDL-C)2,4,5 compared
with nondiabetic control subjects, whereas
patients with well-controlled type 1 diabe-
tes show similar, and sometimes more fa-

vorable, lipid and lipoprotein concentra-
tions than controls.2-4,6 However, unlike
type 2 diabetes, epidemiological data on
the prevalence of dyslipidemia and phe-
notype distribution in type 1 diabetes
mellitus are scarce and are mostly based
on total triglyceride and total cholesterol
concentrations alone.2,7-9 Furthermore, the
cutoff points used for the definition of dys-
lipidemia vary among different authors,
and, to our knowledge, there are no stud-
ies that compare the prevalence of dyslip-
idemia in patients with type 1 diabetes be-
fore and after improving glycemic control
with that in nondiabetic controls. On the
other hand, although aggressive lower-
ing of low-density lipoprotein choles-
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PATIENTS AND METHODS
PATIENTS

We studied 334 adults with type 1 diabetes (54% men and
46% women; mean±SD age, 31.3±10.2 years [range, 18-71
years]; mean±SD disease duration, 7.9±9.3 years; and
mean ± SD glycosylated hemoglobin [Hb A1c] level,
8.5%±2.0%) consecutively seen at our Diabetes Clinic (En-
docrinology Department, Hospital de Sant Pau, Barce-
lona, Spain) and a control group of 803 nondiabetic con-
trols (49% men and 51% women; mean±SD age, 30.7±9.2
years [range, 18-59 years]). The control group was ob-
tained from a background population. Their main clinical
features are displayed in Table 1.

Type 1 diabetes mellitus was diagnosed according to the
National Diabetes Data Group criteria.10 Smoking was de-
fined as the consumption of 1 or more cigarettes or other form
of tobacco presentation per day. Patients were considered to
have hypertension if they received antihypertensive drug treat-
ment or if their blood presure was 140/90 mm Hg or higher
on 2 or more occasions. Peripheral vascular disease was de-
fined by the existence of symptoms consistent with intermit-
tent claudication, absence of distal lower limb pulses, abnor-
mal Doppler examination results, or a history of reconstructive
vascular surgery or amputation. Patients who had experi-
enced angina pectoris (retrosternal squeezing or pressure-
type discomfort relieved by nitroglycerin therapy and/or ac-
companied by typical electrocardiographic changes
[Minnesota code 5-1 or 5-2]) or had a history of acute myo-
cardial infarction or electrocardiographic signs of necrosis
(Minnesota code 1-1) were considered to have ischemic heart
disease. The diagnosis of diabetic retinopathy was estab-
lished if the assisting physician or ophthalmologist de-
scribed the presence of microaneurysms, with or without hem-
orrhages, hard exudates, or new vessels in funduscopic
examination with complete pupillary dilation or by a his-
tory of laser treatment. To assess the presence of diabetic ne-
phropathy we measured 24-hour protein excretion after rul-
ing out infection. Proteinuria or established nephropathy was
defined as protein excretion greater than 300 mg/d and ad-
vanced nephropathy by nephrotic range proteinuria or cre-
atinine concentrations higher than the reference range. Nei-
ther patients nor controls received lipid-lowering drugs.

STUDY DESIGN

Patients were included in an intensive therapy program,
with regular insulin administration before main meals and
isophane insulin administration before dinner or at bed-
time. They received an isoenergetic diet, providing 50%
to 55% of energy as carbohydrates and 30% to 35% as
fat. All patients underwent a specific diabetes education
program and were seen in the outpatient unit every 2 to
4 weeks for 3 to 6 months. Assessment was carried out
at baseline and after achieving an improvement of at
least 1 percentage point in their Hb A1c level. They were
compared with the nondiabetic control group in both
metabolic situations.

Patient history was taken, physical examination was
performed, and concentrations of the following labora-
tory values were determined: serum glucose, fructos-
amine, Hb A1c, total triglyceride, total cholesterol, HDL-C,
and LDL-C.

LABORATORY MEASUREMENTS

Blood samples were drawn after an overnight fast (10-12
hours) at baseline and after achieving good glycemic con-
trol. Blood samples remained at room temperature for 30
minutes, and serum was separated by centrifugation (at
3000g for15 minutes). Glucose concentrations were mea-
sured using the routine glucose-oxidase method; fructos-
amine levels were measured using a colorimetric method,
with glycated albumin as standard (reference interval,
205-285 µmol/L); and Hb A1c levels were determined
using high-performance liquid chromatography with a
Hi-AutoA1c HA-8121 analyzer (Dic-Kioto, Kioto, Japan)
(reference range, 3.7%-5.8%). Total triglyceride and total
cholesterol concentrations were measured using commer-
cial fully enzymatic methods, and HDL-C levels were
determined, after precipitation of apolipoprotein B– and
apolipoprotein E–containing particles, using polyethylene
glycols (Boehringer Mannheim, Mannheim, Germany).
Values for LDL-C were calculated using the Friedewald
formula (adapted to millimoles per liter) when triglycer-
ide levels did not exceed 3.45 mmol/L (#300 mg/dL) and
otherwise using the combined ultracentrifugation and
precipitation method recommended by the Lipid Research
Clinics.11

DEFINITION OF DYSLIPIDEMIA,
DYSLIPIDEMIC PHENOTYPES, AND
RECOMMENDED LDL-C CONCENTRATIONS

The cutoff points used for the definitions of hypercholes-
terolemia and hypertriglyceridemia (LDL-C .4.13 mmol/L
[.160 mg/dL] and triglyceride .2.25 mmol/L [.200 mg/
dL], respectively) were those recommended by the Na-
tional Cholesterol Education Program.12 Low HDL-C con-
centrations were less than 0.9 mmol/L (,35 mg/dL) for men
and less than 1.1 mmol/L (,45 mg/dL) for women.13 Pa-
tients and controls were classified into different dyslipid-
emic phenotypes according to the algorithm shown in
Figure 1. Following the recommendations of the Ameri-
can Diabetes Association,13 LDL-C concentrations of 2.6
mmol/L or lower (#100 mg/dL) were considered a desir-
able goal, whereas LDL-C levels greater than 2.6 mmol/L
(.100 mg/dL) and greater than 3.4 mmol/L (.130 mg/
dL) were regarded as eligible for lifestyle and pharmaco-
logical treatment, respectively.

STATISTICAL ANALYSIS

Quantitative data are expressed as mean±SD and qualita-
tive variables are expressed as frequencies. Student t
(gaussian distribution) and Mann-Whitney U (nongauss-
ian distribution) tests were used for quantitative variables
when comparing patients with type 1 diabetes with con-
trols, and the Student t test for paired data (gaussian dis-
tribution) and the Wilcoxon rank sum test (nongaussian
distribution) were used when comparing diabetic patients
with good vs poor control. Frequencies between patients
and controls and between patients with poor vs good
control were compared using x2 and McNemar tests,
respectively. All tests were 2-tailed, and P,.05 was con-
sidered significant. All analyses were performed using
statistical software (SPSS for Windows, version 8.0; SPSS
Inc, Chicago, Ill).
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terol (LDL-C) levels is advised in diabetic patients, lim-
ited data are available on the frequency with which the
recommended goals are achieved. Thus, the aim of our
study was to assess the effect of improving glycemic con-
trol on the prevalence of dyslipidemia and LDL-C con-
centrations greater than recommended goals in patients
with type 1 diabetes compared with a control group of
similar age.

RESULTS

CLINICAL FEATURES, GLYCEMIC CONTROL,
AND LIPID CONCENTRATIONS

Patients and controls showed similar age, sex distribu-
tion, and frequency of tobacco consumption and hyper-
tension, but their mean body mass indexes were differ-
ent (Table 1). Similar results were obtained when
comparing diabetic men and women with their nondia-
betic counterparts (data not shown). Body mass index,
markers of glycemic control, and lipid and lipoprotein
concentrations in diabetic patients before and after gly-
cemic optimization and in controls are shown in Table2.
Compared with the nondiabetic population, patients with
poorly controlled diabetes displayed similar total cho-

lesterol and total triglyceride levels but higher LDL-C and
lower HDL-C concentrations. When grouping patients
according to sex, men and women displayed lower HDL-C
concentrations than their nondiabetic counterparts
(1.16±0.32 vs 1.28±0.33 mmol/L [45±12 vs 50±13 mg/
dL]; P,.001 and 1.42±0.40 vs 1.53±0.34 mmol/L [55±15
vs 60±13 mg/dL]; P=.008, respectively), but only dia-
betic women had higher LDL-C levels than control women
(3.25±1.02 vs 2.88±0.89 mmol/L [125±40 vs 110±35
mg/dL]; P=.001).

After optimization of glycemic control (Hb A1c con-
centration decrease of 2.23±1.96 percentage points;
P,.001), all lipid variables showed significant improve-
ment (Table 2). Compared with nondiabetic controls, to-
tal triglyceride and total cholesterol concentrations be-
came and HDL-C concentrations remained significantly
lower in the diabetic group. Under these same condi-
tions, triglyceride and total cholesterol levels were lower
in diabetic men (1.04±1.0 vs 1.36±1.20 mmol/L [92±88
vs 120±106 mg/dL]; P,.001 and 4.69±1.0 vs 5.13±1.10
mmol/L [180±40 vs 200±40 mg/dL]; P,.001, respec-
tively) but not in diabetic women (0.83 ± 0.50 vs
0.88 ± 0.50 mmol/L [73 ± 44 vs 80 ± 44 mg/dL] and
4.84±1.0 vs 4.87±1.0 mmol/L [190±40 vs 190±40 mg/
dL], respectively) compared with their nondiabetic coun-
terparts.

PREVALENCE OF DYSLIPIDEMIA,
DYSLIPIDEMIC PHENOTYPES, AND

RECOMMENDED LDL-C CONCENTRATIONS

The prevalence of the different lipid disorders in pa-
tients with type 1 diabetes before and after optimization
of glycemic control and in the nondiabetic group are de-

Patients With Type 1 Diabetes Mellitus and
Control Subjects

Low HDL-C Normal

Triglyceride
<2.25 mmol/L
(<200 mg/dL)
Phenotype IIa

Triglyceride
>2.25 mmol/L
(>200 mg/dL)
Phenotype IIb

Triglyceride
<2.25 mmol/L
(<200 mg/dL)

Triglyceride
>2.25 mmol/L
(>200 mg/dL)
Phenotype IV

LDL-C >4.13 mmol/L
(>160 mg/dL)

LDL-C <4.13 mmol/L
(<160 mg/dL)

Figure 1. Algorithm used for classification of patients and control subjects
into the different dyslipidemic phenotypes. LDL-C indicates low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Table 1. Clinical Features of Patients With Type 1
Diabetes Mellitus and the Nondiabetic Control Group*

Diabetic Patients
(n = 334)

Nondiabetic Control
Subjects (n = 803)

Sex, M/F, % 54/46 49/51
Age, mean ± SD, y 31.3 ± 10.2 30.7 ± 9.2
BMI, mean ± SD, kg/m2 22.6 ± 3.2† 24.8 ± 4.4
Time since diagnosis,

mean ± SD, y
7.9 ± 9.3 NA

Smoking, % 54 53
Hypertension, % 4.8 5.7
Retinopathy, % 27 0
Overt proteinuria, % 7 0
Creatinine, mean ± SD,

µmol/L (mg/dL)
89 ± 14 (1.0 ± 0.2) 86 ± 14 (0.9 ± 0.2)

CHD, % 1.2 0
Peripheral arteriopathy, % 1.2 0

*BMI indicates body mass index; CHD, coronary heart disease; and NA,
not applicable.

†P,.001 compared with nondiabetic controls.

Table 2. Results of Laboratory Tests Comparing Patients
With Type 1 Diabetes Mellitus Before and After Achieving
Good Glycemic Control With Nondiabetic Controls*

Diabetic Patients
Nondiabetic

Controls
(n = 803)

Poor Control
(n = 334)

Good Control
(n = 334)

BMI, kg/m2 22.6 ± 3.2† 23.1 ± 3†‡ 24.8 ± 4.4
Glucose, mmol/L¶ 9.02 ± 3.97† 7.86 ± 3.85†§ 5.02 ± 0.79
Fructosamine, µmol/L 438 ± 114 304 ± 66‡ . . .
Hb A1c, % 8.5 ± 1.97 6.25 ± 1.25‡ . . .
Total cholesterol, mmol/L# 5.0 ± 1.1 4.76 ± 1.0†‡ 4.99 ± 1.1
Triglycerides, mmol/L** 1.13 ± 1.07 0.94 ± 0.8‡\ 1.11 ± 0.96
HDL-C, mmol/L# 1.27 ± 0.38† 1.36 ± 0.37‡\ 1.41 ± 0.36
LDL-C, mmol/L# 3.3 ± 1.0† 3.01 ± 0.9‡ 3.02 ± 0.9

*Data are given as mean ± SD. BMI indicates body mass index; Hb A1c,
glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; and
LDL-C, low-density lipoprotein cholesterol.

†P#.001 vs nondiabetic controls.
‡P#.001 vs patients with poorly controlled diabetes.
§P = .01 vs patients with poorly controlled diabetes.
\P = .04 vs nondiabetic controls.
¶To convert glucose from millimoles per liter to milligrams per deciliter,

divide millimoles per liter by 0.05551.
#To convert cholesterol from millimoles per liter to milligrams per

deciliter, divide millimoles per liter by 0.02586.
**To convert triglycerides from millimoles per liter to milligrams per

deciliter, divide millimoles per liter by 0.01129.
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picted in Figure 2. Low HDL-C concentration was the
most prevalent lipid abnormality in diabetic patients with
poor glycemic control. It was the only quantitative al-
teration significantly more prevalent in the diabetic group
than in the control group. When considering the sexes
separately, similar results were found, except that dia-
betic women also showed a higher prevalence of hyper-
cholesterolemia than nondiabetic women (Table 3). Af-
ter achieving good glycemic control, the frequency of
hypercholesterolemia became similar in diabetic and non-
diabetic individuals. Although hypercholesterolemia be-
came less frequent in diabetic men than in nondiabetic
men, in diabetic women with optimal glycemic control,
the prevalence of dyslipidemia did not differ from that
observed in nondiabetic women.

The distribution of dyslipidemic phenotypes in pa-
tients and controls according to the algorithm displayed
in Figure 1 is depicted in Figure 3. Most patients were
normolipidemic. The most prevalent dyslipidemic phe-
notypes in patients with type 1 diabetes, regardless of
metabolic control, were IIa and low HDL-C concentra-
tion. Nevertheless, with improved metabolic control, the
frequency of each dyslipidemic phenotype decreased, with
the proportion of normolipidemia becoming more preva-
lent than in nondiabetic controls.

Regarding LDL-C goals, the prevalence of LDL-C
concentrations of 2.6 mmol/L or less (#100 mg/dL) in
patients with type 1 diabetes with poor glycemic con-
trol was 22.4%, reaching 34.2% after glycemic optimi-
zation (P=.01). The percentages of patients showing
LDL-C values greater than 3.4 mmol/L (.130 mg/dL),
thus making them eligible for pharmacological interven-
tion, were 41.9% and 25.9% under poor and good con-
trol, respectively (P,.001).

COMMENT

The results of this study confirm that total triglyceride
and total cholesterol concentrations do not differ, de-
spite poor glycemic control, between patients with insulin-
treated type 1 diabetes and nondiabetic controls of simi-
lar age. However, LDL-C levels are higher and HDL-C
levels are lower in the diabetic group than in the control
group. In addition, our findings demonstrate that the most
frequent dyslipidemic disorder in diabetic patients with
poor glycemic control is low HDL-C concentration and
that most patients have undesirable levels of LDL-C, with
1 in 4 requiring drug intervention. These lipid abnor-
malities improve after glycemic optimization and, ex-
cept for HDL-C concentrations, become similar to or more
favorable than those in controls. Finally, the impact of
diabetes on lipid levels seems to be more evident in women
than in men.

LIPOPROTEIN CONCENTRATIONS

In agreement with results of previous studies,2-4,6,14 the
degree of glycemic control is the major determinant of
lipoprotein profile in our patients with type 1 diabetes.
Although increased concentrations of triglycerides are
frequently seen in untreated diabetic patients, lipid
profiles of patients with poorly controlled insulin-
treated type 1 diabetes show normal or mildly
increased triglyceride, total cholesterol, and LDL-C
levels and decreased, normal, or increased HDL-C
levels.2,5-7,15,16 Glycemic optimization by intensive insu-
lin therapy is associated with normal or better than
normal lipid levels.2-4,6,17 Patients with insulin-treated
type 1 diabetes in the present study showed higher
LDL-C but not triglyceride or total cholesterol levels
and lower HDL-C concentrations than controls. After

∗

†

∗

25

15

20

10

5

0
Hypercholesterolemia Hypertriglyceridemia Low HDL-C

Pa
tie

nt
s,

 %

Type 1 Diabetes, Poor Control
Type 1 Diabetes, Good Control
Nondiabetic Controls

Figure 2. Prevalence of dyslipidemic disorders in patients with type 1
diabetes mellitus before and after glycemic optimization and in nondiabetic
controls. Asterisk indicates P=.01 vs patients with poorly controlled type 1
diabetes; dagger, P,.001 vs nondiabetic controls. See the “Definition of
Dyslipidemia, Dyslipidemic Phenotypes, and Recommended LDL-C
Concentrations” subsection of the “Patients and Methods” section for
definitions of the dyslipidemic disorders.

Table 3. Prevalence of the Different Dyslipidemic Disorders According to Sex*

Diabetic Men

Nondiabetic Men
(n = 391)

Diabetic Women

Nondiabetic Women
(n = 412)

Poor Control
(n = 181)

Good Control
(n = 181)

Poor Control
(n = 153)

Good Control
(n = 153)

LDL-C .4.13 mmol/L (.160 mg/dL) 15.8 9.7† 17.5 15.6† 9.5 8.5
Triglycerides .2.25 mmol/L (.200 mg/dL) 8.3 5.0 9.7 1.3 0.7 1.9
HDL-C, mmol/L (mg/dL)

,0.9 (,35) 20.6‡ 11.2 8.4 NA NA NA
,1.1 (,45) NA NA NA 19.6§ 12.0 9.2

*Data are given as percentages. LDL-C indicates low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; and NA, not applicable.
†P = .04 vs nondiabetic controls.
‡P,.001 vs nondiabetic controls.
§P = .003 vs nondiabetic controls.
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glycemic optimization, all lipidic variables improved
significantly (Table 2) to such an extent that total tri-
glyceride and total cholesterol concentrations became
lower than those in controls. Nevertheless, HDL-C
concentrations remained lower too. Improvements in
lipoprotein concentrations are also found in other
studies,3,4,6,17,18 although, unlike what our results show,
HDL-C levels do not increase consistently.19 Previous
studies in patients with type 1 diabetes with accept-
able or unknown glycemic control show normal or
increased levels of HDL-C compared with nondiabetic
controls.14,20-23 However, although HDL-C levels tend
to increase with improvement of control, it generally
takes several weeks for a change to occur, and it is
more often observed in patients with extremely poor
previous control who achieve a marked improvement
in Hb A1c levels.4,17,18,24,25 These findings might be
related to the fact that, of all lipoproteins, HDL-C has
the slowest turnover rate. Furthermore, when accom-
panied by excessive weight gain, the increase in
HDL-C concentration is attenuated.26 In our study,
however, the weight increase that accompanied glyce-
mic optimization after 3 to 6 months of intensive
therapy was moderate and patients’ body mass indexes
remained below those of controls.

PREVALENCE OF
LIPIDIC DISORDERS AND

THERAPEUTIC GOALS

Data on the prevalence of dyslipidemia in patients with
type 1 diabetes are, to our knowledge, limited to 5 cross-
sectional studies performed in Northern Europe2,9 and
the United States7,8,27 and are based on total triglyceride,
total cholesterol, or LDL-C concentrations alone. The
prevalence of hypertriglyceridemia varies among studies
(13%-31%) depending on the cutoff point used to define
it and the clinical features of the patients involved.2,8 On
the other hand, hypercholesterolemia is, if anything, less
common in diabetic patients than in nondiabetic
controls.2,7-9,27 In the present study, the prevalence of
hypercholesterolemia and hypertriglyceridemia, using
the cutoff points recommended by the National Choles-

terol Education Program12 (triglyceride .2.25 mmol/L
[.200 mg/dL] and LDL-C .4.13 mmol/L [.160
mg/dL]), was similar (under poor glycemic control) or
lower (after glycemic optimization) than that observed
in age-matched controls. These results are in agree-
ment with those of previous studies, except for the
low prevalence of hypertriglyceridemia, which could
be accounted for by the clinical features of the popula-
tion involved (young, lean, and with a low prevalence
of nephropathy). In addition to the effect of improved
glycemic control on the prevalence of dyslipidemia
and thus its role in lowering cardiovascular risk, a par-
ticularly novel finding provided by the present study is
the prevalence of low HDL-C concentrations in
patients with type 1 diabetes. Low HDL-C concentra-
tion was the most frequent dyslipidemic disorder
regardless of glycemic control. These results are in dis-
agreement with the belief that the level of HDL-C is
normal or increased in type 1 diabetes,8,16,20 which, on
the other hand, would make it unlikely that HDL-C
concentration had a negative effect on cardiovascular
risk in these subjects. Nevertheless, low HDL-C con-
centration is associated with cardiovascular disease in
diabetic28-30 and nondiabetic31-33 groups, and recent
findings34 suggest that the rate of coronary events is
reduced by raising HDL-C levels and lowering total
triglyceride concentrations with gemfibrozil therapy
without changing LDL-C concentrations. This prob-
ably makes low HDL-C concentration the most impor-
tant quantitative lipid disorder in type 1 diabetes. The
discrepancy between the frequencies of hypertriglyc-
eridemia and low HDL-C levels in our study might be
because even mild improvements in glycemic control
can result in a decrease in total and very LDL triglycer-
ide, but a prolonged and distinct degree of improve-
ment of glycemic control may be necessary to cause
significant changes in HDL-C levels.4,17,18,25 The differ-
ence in prevalence of low HDL-C levels in diabetic
patients between the present and previous studies
might be due to differences in the diabetic and nondia-
betic populations analyzed. Nevertheless, the popula-
tions included in this study were large and had similar
clinical features with a known effect on lipid metabo-
lism. In addition, this increased prevalence of low
HDL-C concentrations cannot be explained by other
clinical features such as nephropathy, hypertriglyceri-
demia, and obesity, the frequency of which was low in
these patients.

The cutoff points that define dyslipidemia differ
from therapeutic goals, depending on coexisting car-
diovascular risk factors or disease. In diabetic patients,
because of high cardiovascular risk, aggressive therapy
of dyslipidemia is recommended.12,13 Even in the
absence of previous cardiovascular disease, LDL-C
concentrations greater than 2.6 mmol/L (.100 mg/dL)
are eligible for lifestyle intervention, and patients with
LDL-C concentrations greater than 3.4 mmol/L (.130
mg/dL) should be treated with lipid-lowering drugs.13

However, limited data are available on the proportion
of patients with type 1 diabetes exceeding these cutoff
points. In the Pittsburgh Epidemiology of Diabetes
Complications Study,7 the prevalence of LDL-C con-
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IV
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Figure 3. Distribution of dyslipidemic phenotypes in patients with type 1
diabetes mellitus before and after glycemic optimization and in nondiabetic
control subjects. HDL-C indicates high-density liproprotein cholesterol.
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centrations of 4.13 mmol/L or higher ($160 mg/dL)
in adult women and 3.4 mmol/L or higher ($130
mg/dL) in men, at that time considered cutoff points
for desirable concentrations of LDL-C, was 25% and
40%, respectively. Following current recommenda-
tions,12,13 in the present study, identical cutoff points
were used for men and women. After glycemic optimi-
zation, the proportion of patients requiring lifestyle or
pharmacological intervention decreased from 78% and
42% to 66% and 26%, respectively, the latter percent-
age being similar to that described by Orchard7 after
excluding patients with nephropathy. Thus, these
results support intensive insulin therapy as the initial
treatment of choice for dyslipidemia in poorly con-
trolled type 1 diabetes.

SEX DIFFERENCES

Women lose their protective sex effect against devel-
opment of cardiovascular disease when they have dia-
betes. They have a prevalence of atherosclerosis that
approaches or equals that of men,35 and once they
have coronary heart disease, their prognosis is worse.36

However, the mechanisms that link diabetes to this
risk are poorly understood. The finding of less favor-
able lipid profiles in women with type 1 diabetes
included in this study might explain, at least to a cer-
tain extent, their lack of protection. Women, but not
men, with type 1 diabetes displayed higher concentra-
tions of LDL-C and a higher prevalence of hypercho-
lesterolemia when glycemic control was poor. After
glycemic optimization, diabetic men, but not women,
showed lower total triglyceride and total cholesterol
concentrations and a lower prevalence of hypercholes-
terolemia compared with their nondiabetic counter-
parts. These findings agree with those obtained by
some2,7,9,20 but not all8 studies. Sex disparities in lipid
profile could therefore play a role in the more negative
impact diabetes has on cardiovascular risk in women
than in men.

CONCLUSIONS

Results of the present study demonstrate that the most
prevalent dyslipidemic disorder in insulin-treated
poorly controlled diabetes is low HDL-C concentra-
tions and that most patients have undesirable LDL-C
levels, with a high proportion requiring pharmacologi-
cal intervention. In addition, our results prove the
beneficial effect glycemic optimization has on diabetic
dyslipidemia and confirm that women with type 1 dia-
betes have less favorable lipid profiles than men.
These findings are of considerable interest because
they are based on large diabetic and control popula-
tions and provide information that, to our knowledge,
has not been published previously. Given the associa-
tion of moderately increased LDL-C37,38 and low
HDL-C concentrations with cardiovascular disease in
diabetic28,30 and nondiabetic31-34 populations, results of
this study reinforce that intensive insulin therapy is
the initial treatment of choice for dyslipidemia in
poorly controlled type 1 diabetes and prove the impor-

tance of including HDL-C in the evaluation of lipid
levels in these patients.
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