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ABSTRACT

BACKGROUND

Cardiovascular disease causes severe morbidity and mortality in type 1 diabetes, al-
though the specific risk factors and whether chronic hyperglycemia has a role are un-
known. We examined the progression of carotid intima—media thickness, a measure of
atherosclerosis, in a population with type 1 diabetes.

METHODS

As part of the Epidemiology of Diabetes Interventions and Complications (EDIC) study,
the long-term follow-up of the Diabetes Control and Complications Trial (DCCT), 1229
patients with type 1 diabetes underwent B-mode ultrasonography of the internal and
common carotid arteries in 1994-1996 and again in 1998-2000. We assessed the inti-
ma-media thickness in 611 subjects who had been randomly assigned to receive con-
ventional diabetes treatment during the DCCT and in 618 who had been assigned to re-
ceive intensive diabetes treatment.

RESULTS

Atyear 1 of the EDIC study, the carotid intima—media thickness was similar to thatin an
age- and sex-matched nondiabetic population. After six years, the intima—media thick-
ness was significantly greater in the diabetic patients than in the controls. The mean
progression of the intima—media thickness was significantly less in the group that had
received intensive therapy during the DCCT than in the group that had received con-
ventional therapy (progression of the intima—media thickness of the common carotid
artery, 0.032 vs. 0.046 mm; P=0.01; and progression of the combined intima-media
thickness of the common and internal carotid arteries, —0.155 vs. 0.007; P=0.02) after
adjustment for other risk factors. Progression of carotid intima—-media thickness was
associated with age, and the EDIC base-line systolic blood pressure, smoking, the ratio
of low-density lipoprotein to high-density lipoprotein cholesterol, and urinary albumin
excretion rate and with the mean glycosylated hemoglobin value during the mean du-
ration (6.5 years) of the DCCT.

CONCLUSIONS
Intensive therapy during the DCCT resulted in decreased progression of intima—media
thickness six years after the end of the trial.
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IABETES MELLITUS IS ACCOMPANIED

by a substantial increase in the risk of

cardiovascular disease.1-> Most epidemi-
ologic and clinical-trial data have derived from the
study of type 2 diabetes, in which cardiovascular
disease accounts for 70 percent of all deaths.13
Much less is known about cardiovascular disease
in type 1 diabetes. Although the absolute risk of car-
diovascular disease is lower in patients with type 1
diabetes than in those with type 2 diabetes, owing
in partto their younger age, the relative risk, as com-
pared with that of nondiabetic persons of similar
age, may be increased by a factor of 10.4:5 Much of
the risk of cardiovascular disease in patients with
type 1 diabetes has been attributed to the develop-
ment of renal disease.® In addition to renal disease,
autonomic neuropathy, dyslipidemia, and microvas-
cular cardiac disease have been suggested as cardio-
vascular risk factors.” Interestingly, glycemia has
not been documented to be a risk factor for heart
disease in patients with type 1 diabetes.

During the Diabetes Control and Complications
Trial (DCCT), patients with type 1 diabetes were
randomly assigned either to receive intensive diabe-
tes therapy, subsequently maintaining a mean gly-
cosylated hemoglobin value of 7.2 percent during
the mean follow-up of 6.5 years, or to receive stand-
ard therapy, subsequently maintaining a mean gly-
cosylated hemoglobin value of 9 percent.8 Although
intensive therapy reduced the risk of development
and progression of microvascular and neuropath-
ic complications by 35 to 76 percent, the incidence
of cardiovascular disease events was not signifi-
cantly different between the two treatment groups.®
After completion of the DCCT, long-term follow-up
of the DCCT cohort, called the Epidemiology of
Diabetes Interventions and Complications (EDIC)
study,1° included B-mode ultrasonography to meas-
ure the thickness of the intima—media wall of the
carotid artery on two occasions. Carotid intima—
media thickness is a well-established index of ath-
erosclerosis that correlates with prevalent and inci-
dent coronary heart diseasel1-14 and stroke.12:14.15
We analyzed the changes in the intima—media thick-
ness over time and associated risk factors, accord-
ing to the original intention-to-treat assignment
during the DCCT.

METHODS

PATIENTS
The 1441 patients enrolled in the DCCT between
1983 and 1989 were 13 to 39 years old, had had type 1

diabetes for 1 to 15 years, and were in generally good
health at base line.® After a mean of 6.5 years of fol-
low-up, 1375 of the 1425 surviving members volun-
teered to participate in the EDIC study, an observa-
tional follow-up of the DCCT cohort.1° During the
EDIC study, all therapy was provided by the patients’
own physicians and intensive therapy was recom-
mended for all patients. A detailed description of
the study procedures and base-line characteristics
has been published.1® Carotid ultrasonography
was performed between June 1994 and April 1996
(1 to 2 years after the initiation of the EDIC study
and approximately 8 years after the beginning of the
DCCT; range, 4 to 11). It was repeated between
October 1998 and November 2000 in 1229 partici-
pants, who are the subjects of this study (Table 1).

CONTROL SUBJECTS

Healthy age- and sex-matched subjects without
diabetes were recruited from each of the 28 EDIC
centers to serve as contemporaneous controls to
determine carotid intima-media thickening. One
group of eight controls from each center was se-
lected in 1994-1996,1¢ and a second group of eight
was selected in 1998-2000. In 1998-2000, 222
healthy volunteers with a mean (+SD) age 0of 39+11
years were studied. Fifty percent were female. Mean
systolic and diastolic blood pressures were 117+11
and 759 mm Hg, respectively, similar to those of
the DCCT cohort. The prevalence of smoking, how-
ever, was much lower: 5.9 percent, as compared
with 16.8 percent in the DCCT cohort (P<0.001).
The mean glycosylated hemoglobin value was 5.0
0.35 percent.

ASSESSMENT OF CAROTID INTIMA—MEDIA
THICKNESS

The measurement of intima—media thickness has
been described in detail.1® A single longitudinal
lateral view of the distal 10 mm of the right and left
common carotid arteries and three longitudinal
views in different imaging planes of each internal
carotid artery were obtained. The internal carotid
artery was defined as including both the carotid
bulb and the 10-mm segment distal to the tip of the
flow divider that separates the internal from the ex-
ternal carotid artery. Studies were performed by
certified technicians at the clinical centers, record-
ed on videotapes, and read in a central unit (Tufts
University, Boston) by a single reader, who was un-
aware of the subjects’ diagnostic groups, treatment
assignments and the time of the studies (year 1 as
compared with year 6).
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Table 1. Clinical Characteristics of the Epidemiology of Diabetes Interventions and Complications (EDIC) Participants,
According to Sex and Treatment Assignment in the Diabetes Control and Complications Trial (DCCT).*

Characteristic Female Patients Male Patients
Intensive Conventional Intensive Conventional
Treatment Treatment Treatment Treatment
(N=295) (N=289) (N=323) (N=322)
Demographic, year 1
Age (yr) 35+7 34+7 36+7 36+7
Current smoker (%) 20 19 20 17
Duration of diabetes (yr) 13.9+4.8 14.2+5.2 13.9+4.8 13.3+4.6

Medical, year 1

Body-mass index 26.5+4.57 25.0+3.5 26.7+3.9% 26.0+3.2
Natural waist:hip circumference 0.76+0.07 0.76+0.07 0.88+0.08 0.87+0.09
Ankle:arm blood pressure <0.9 (%) 8.8 8.7 4.6 6.9
Systolic blood pressure (mm Hg) 114£12 11413 11911 120+12
Diastolic blood pressure (mm Hg) 7419 72+9 77+9 77+8
Hypertension (%)§ 10.4 14.0 22.9 17.9
Lipids, year 1 or 2
Total cholesterol (mg/dl)q 188+36 188+38 187+35 182+36
HDL cholesterol (mg/dl)q 59+14 59+14 4913 50+11
LDL cholesterol (mg/dl)q 112429 112+30 1194301 114+32
LDL:HDL ratio 2.0 2.0 2.6 2.4
Triglycerides (mg/dl)| 83176 83+76 96+72 96+79
Hyperlipidemia (%)** 27.1 26.8 353 30.0
Albumin excretion rate, year 1 or 2
Value (mg/24 hr) 22+6717F 67+330 30+118 43+117
>40 mg/24 hr (%) 6.8+ 15.7 7.7% 16.5

Glycosylated hemoglobin (%)
During DCCT 7.3£0.9F 9.1x1.3 7.2£0.9t 9.0+1.1
Year 1 EDIC 7.9+1.47% 8.1+1.4 7.8+1.27 8.3x1.2
Intima—media thickness, year 1 or 2 (mm)
Common carotid artery 0.566+0.077 0.557+0.076 0.597+0.082  0.604+0.097
Internal carotid artery 0.608+0.165 0.628+0.251 0.668+£0.220  0.681+0.268

* Plus—minus values are means +SD. All data are from EDIC year 1 or year 2 unless otherwise noted. Comparisons be-
tween intensive-treatment and conventional-treatment groups are based on the chi-square test or Wilcoxon rank-sum
test. The body-mass index is the weight in kilograms divided by the square of the height in meters.

7 P<0.001 for the comparison of intensive treatment with conventional treatment.

T P<0.05 for the comparison of intensive treatment with conventional treatment.

§ Hypertension was defined by a systolic blood pressure of at least 140 mm Hg, a diastolic blood pressure of at least
90 mm Hg, the presence of documented hypertension, or the use of antihypertensive agents.

9§ To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. HDL denotes high-density lipoprotein,
and LDL low-density lipoprotein.

| To convert the values for triglycerides to millimoles per liter, multiply by 0.01129.

**Hyperlipidemia was defined by an LDL cholesterol level of at least 130 mg per deciliter (3.36 mmol per liter) or by the
use of lipid-lowering agents.

T77P<0.01 for the comparison of intensive treatment with conventional treatment.
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QUALITY-CONTROL PROCEDURES

Reproducibility analysis of 50 replicate measures
ofyear 1 and year 6 carotid studies resulted in abso-
lute mean differences of 0.03 and 0.02 mm for the
year 1 common carotid artery and internal carotid
artery, respectively, and 0.03 and 0.04 mm for the
year 6 common carotid artery and internal carotid
artery, respectively. The respective intraclass corre-
lations between the original and maximal wall thick-
ness and the measurement obtained on rereading
were 0.87 and 0.99 for year 1 common and internal
carotid arteries and 0.99 and 0.99 for year 6 com-
mon and internal carotid arteries.

OTHER PROCEDURES

Each subject in the EDIC study underwent an an-
nual history-taking, physical examination, electro-
cardiography, and laboratory testing, including
measurements of serum creatinine and glycosy-
lated hemoglobin, determined as they were in the
DCCT.®17 Lipid profiles and four-hour urine collec-
tions for the measurement of the albumin excretion
rate and creatinine clearance were obtained in al-
ternate years during the EDIC study.1°

MEASUREMENTS
Base-line covariates were obtained from the year 1
history and physical examination and from the lab-
oratory data (lipid levels measured after an over-
night fast and renal-function values) collected in
either year 1 or year 2. The maximal intima—-media
thickness of the common carotid artery was defined
as the mean of the maximal value for the near and
far walls on both the right and left sides. The in-
ternal intima—media thickness was defined as the
mean of the maximal value for anterior, lateral, and
posterior views on both sides. The combined inti-
ma-media thickness was defined as the sum of the
standardized intima—media measurements of the
common and internal carotid arteries. The stand-
ardized intima—media thickness was defined as
(variable—mean) +SD.18 The change in the thick-
ness was defined as the difference between results
for year 6 and those for year 1.

STATISTICAL ANALYSIS
Group differences were compared with use of the
Wilcoxon rank-sum test for quantitative variables
and the chi-square test for categorical variables.
A paired t-test was used to test the significance of
the change over time. To compare the two treatment
groups, we used analysis of covariance of the change

in the intima—media thickness (year 6 minus year 1)
with the year 1 thickness as an adjusting covariate.
To obtain the least-squares means of the change in
intima-media thickness, we fitted the model using
the change in the thickness as the outcome and ad-
justing for the year 1 value, age, sex, and the ultraso-
nography equipment used (12 combinations of ul-
trasonography equipment were used at 28 clinical
centers). A reciprocal transformation of the inter-
nal intima-media thickness was used to yield ap-
proximately normal residuals.1® The association of
each covariate (listed in Table 1) with each intima—
media measure was assessed, with adjustment for
the year 1 value, sex, attained age, and the ultraso-
nography equipment used. To study the risk fac-
tors, a multiple linear regression model was fitted
with the use of the year 6 intima—media thickness
as the outcome and the year 1 thickness as a covari-
ate. The most significant factor for the multivariate
association among similar variables (e.g., systolic
and diastolic blood pressure) was selected. Only
covariates known to be unaffected by the DCCT
treatment group were included. All two-way inter-
action terms were assessed, and those nominally
significant at a P level of less than 0.10 were re-
tained.2° The final model included the ultrasonog-
raphy equipment used, attained age, sex, the year
1 intima-media thickness, smoking status, systol-
ic blood pressure, treatment group, and the inter-
action between attained age and treatment group.
The overall effect of the DCCT treatment group was
assessed with the use of a general linear test with
2 degrees of freedom for both the main effect and
the interaction.21,22

RESULTS

The clinical characteristics of the EDIC study co-
hort at year 1, according to sex and treatment as-
signment during the DCCT, are shown in Table 1.
Mean blood pressure and lipid levels were not sig-
nificantly different between the group that had re-
ceived intensive therapy during the DCCT and the
group that had received conventional treatment.
On the other hand, mean glycosylated hemoglobin
levels in the two groups remained significantly, al-
beit minimally, different during the first four years
of the EDIC study; by year 5 they were no longer dif-
ferent (7.9 percent in the original intensive-treat-
ment group and 8.0 percent in the conventional-
treatment group, P=0.075).23 Albumin excretion
rates remained significantly lower in the intensive-
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Figure 1. Intima—Media Thickness of the Common and Internal Carotid
Arteries at Year 6 in Diabetic Patients and Age-Matched Nondiabetic Control
Subjects.

Box plots represent the second and third quartiles of the distribution, the cen-
ter line the median, and the plus sign the mean. P values were calculated with
use of the Wilcoxon rank-sum test.
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treatment group than in the conventional-treatment
group during the six years of EDIC follow-up, re-
flecting the previously described long-lasting ben-
eficial effects of intensive therapy on diabetic ne-
phropathy.8:24 Body-mass index during the EDIC
study remained significantly higher in the group
that had received intensive treatment during DCCT,
as it had been at the end of that study.

The intima—-media measurements in the age- and
sex-matched 1998-2000 nondiabetic population

were similar to published data in healthy nondia-
betic subjects, with a mean intima—media thickness
0£0.58+0.10 mm for the common carotid artery and
a mean of 0.63+0.18 mm for the internal carotid
artery.15:24 Although no significant differences in
thickness were demonstrable between the diabetic
cohort and nondiabetic controls atyear 1,16 by year
6, the intima—media thickness for the common and
internal carotid arteries was significantly greater in
the diabetic cohort than in the nondiabetic cohort
for each sex, even after adjustment for smoking sta-
tus (Fig. 1).

There was less progression of the intima—media
thickness of the common carotid artery from year 1
to year 6 among the patients who had received in-
tensive treatment during the DCCT than among
those who had received conventional treatment. Af-
ter adjustment for sex, age, the ultrasonography
equipment used, and the year 1 intima—-media thick-
ness (Table 2), the mean progression was 0.032 mm
in the intensive-treatment group and 0.046 mm in
the conventional-treatment group, with a difference
of 0.013 mm (95 percent confidence interval for
the difference, 0.003 to 0.024). The progression of
the intima—media thickness of the combined com-
mon and internal carotid arteries was also less in the
intensive-treatment group, where regression oc-
curred, than in the conventional-treatment group
(—0.155 vs. 0.007; a difference of 0.162; 95 percent
confidence interval for the difference, 0.031 to
0.293) (Table 2). The differences between treatment
groups in the reciprocal values for the intima-media
thickness of the internal carotid artery were not sig-
nificant (P=0.07). There was no significant treat-

Table 2. Least-Squares Mean Change in the Intima—Media Thickness of the Common Carotid Artery and of the Combined
Common and Internal Carotid Arteries from Year 1 to Year 6 of the Epidemiology of Diabetes Interventions and
Complications Study, According to the Treatment Assignment in the Diabetes Control and Complications Trial.*

Change in Intima—Media Thickness

Variable of Common Carotid Artery Intima—Media Thickness
Least-Squares Mean Least-Squares Mean
(95% Cl) P Value (95% CI) P Value
mm mm
Conventional treatment 0.046 (0.023 to 0.068) 0.007 (-0.277 t0 0.292)
Intensive treatment 0.032 (0.010 to 0.055) -0.155 (-0.440 t0 0.131)
Difference between treatment groups 0.013 (0.003 to 0.024) 0.01 0.162 (0.031 to 0.293) 0.02

Change in Combined

* The change in the intima—media thickness was used as the outcome to fit a general linear model, adjusted for sex, age,
ultrasonography equipment used, and the year 1 thickness. CI denotes confidence interval.
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ment effect according to sex. Finally, the potential
effect of any differences in the use of hypolipidemic
or antihypertensive agents between the two treat-
ment groups was analyzed by including terms for
medication use in the analyses in Table 2. The re-
sults were unchanged.

The intima—media thickness at year 6 of the
EDIC study was associated with smoking status,
systolic (but not diastolic) blood pressure, the pres-
ence or absence of hypertension, total and high-
density lipoprotein cholesterol levels (data not
shown), the ratio of low-density lipoprotein to high-
density lipoprotein cholesterol, urinary albumin ex-
cretion rate, and the mean glycosylated hemoglobin
level during the DCCT (Table 3). All of the associ-
ations were similar in magnitude and direction for
the intima-media thickness of the common carotid
artery and the internal carotid artery and the com-
bined intima—media thickness and when the change
in thickness was substituted for the year 6 thick-
ness. The association of the mean glycosylated he-
moglobin value during the DCCT with the year 6 in-
tima—media thickness of the common carotid artery

remained significant (P<0.001) after adjustment for
age, sex, year 1 intima—media thickness of the com-
mon carotid artery, and the ultrasonography equip-
ment used.

Since many of the univariate risk factors differed
between groups at year 1 of the EDIC study, reflect-
ing the effects of treatment during the DCCT, mul-
tivariate regression modeling adjusted only for the
covariates not affected by treatment at year 1 of the
EDIC study. These models revealed that, for each
measure, the benefits of intensive treatment in-
creased with age (Table 4). Furthermore, the over-
all treatment effect with 2 degrees of freedom was
significant for all these measures (P=0.004 for the
intima-media thickness of the common carotid ar-
tery and P=0.005 for the combined thickness), in-
cluding the reciprocal internal intima—media thick-
ness (P=0.049) (data not shown). The complete
model explained approximately 40 percent of the
variation in the intima—media thickness of the com-
mon carotid artery and 52 percent of the variation
in the combined thickness. Figure 2 shows the dif-
ference between the conventional-treatment and

Table 3. Univariate Associations of Carotid Intima—Media Thickness, with Risk Factors Adjusted for Age, Sex, Ultrasonography Equipment
Used, and Year 1 Intima—Media Thickness Measurement.*

Combined
Intima—Media Thickness

Internal Carotid Intima-Media
Thickness (Reciprocal)

Common Carotid

Risk Factor Intima—Media Thickness
Estimate of B

Coefficient £SE P Value

Estimate of B
Coefficient +SE

Estimate of B
P Value Coefficient +SE P Value
mm

Treatment group (conventional vs. intensive) 0.0135+0.0053 0.02 -0.0330+0.0183 0.07 0.1619+0.0669 0.02

Body-mass index (per unit) 0.0016+0.0007  0.03 -0.0032+0.0025 0.20 0.0136+0.0089  0.13
0.0247+0.0068  <0.001
0.0008+0.0002  <0.001

0.0189+0.0074 0.01

Smoking (yes vs. no) -0.0822+0.0231  <0.001 0.3468+0.0850 <0.001

Systolic blood pressure (per mm Hg) -0.0023+0.0008 0.004 0.0088+0.0029  0.002

Hypertension (yes vs. no) 1 -0.1105+0.0258  <0.001 0.3016+0.0939 0.001

Low-density lipoprotein:high-density lipo- 0.0072+£0.0032  0.03 -0.0505+0.0113  <0.001 0.1427+0.0405 <0.001

protein ratio

Log albumin excretion rate 0.0068+0.0025 0.006 -0.0212+0.0084 0.01 0.0912+0.0308 0.003

Glycosylated hemoglobin value during DCCT 0.0065+0.0020  0.001 -0.0193+0.0067 0.004 0.1014+0.0244  <0.001

(per 1 percentage point)

%

* The multiple regression model used the year 6 intima—media thickness as the outcome and fit the covariates one at a time after adjustment
for age, sex, ultrasonography equipment used, and year 1 intima—media thickness. The R2, based on a general linear model (PROC GLM) in
which the year 6 intima—media thickness was the outcome, adjusted for age, sex, ultrasonography equipment used, and year 1 intima-media
measurement, is 37.76 percent, 39.58 percent, and 50.60 percent for the common carotid, internal carotid, and combined intima-media
thickness, respectively. DCCT denotes Diabetes Control and Complications Trial.

i Hypertension was defined by a systolic blood pressure of at least 140 mm Hg, a diastolic blood pressure of at least 90 mm Hg, documented
hypertension, or the use of antihypertensive agents.
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Risk Factor

Age (per year of age)

Sex (female vs. male)

Year 1 intima—media thickness
Smoking (yes vs. no)

Systolic blood pressure (per mm Hg)

Ultrasonography equipment used
(12 combinations)

Treatment group (conventional vs. intensive)
Interaction between age and treatment group
Overall treatment effect (treatment effect as a

function of age)
Total R2 (%)

Table 4. Multivariate Association of Carotid Intima—Media Thickness with Various Risk Factors.*
Common Carotid Intima—Media Thickness Combined Intima—Media Thickness
Semipartial R2 P Value Semipartial R2 P Value
Estimate of 8 Estimate of B
Coefficient +£SE % Coefficient +£SE %
0.0029+0.0006 1.32 <0.001 0.0248+0.0071 0.49 <0.001
-0.0173+0.0055 0.50 0.002 -0.2506+0.0689 0.53 <0.001
0.6188+0.0361 14.79 <0.001 0.5961+0.0238 24.90 <0.001
0.0265+0.0068 0.77 <0.001 0.3737+0.0851 0.77 <0.001
0.0008+0.0002 0.61 <0.001 0.0092+0.0029 0.42 0.001
— 1.64 <0.001 — 1.92 <0.001
-0.0453+0.0274 0.14 0.10 -0.5433+0.3435 0.10 0.12
0.0017+0.0008 0.24 0.03 0.0201+0.0096 0.18 0.04
§ 0.57 0.004 I 0.42 0.005
0.40 0.52
40 52

* The multiple regression model used the year 6 intima—media thickness as the outcome and fit the listed covariates simultaneously.

T Eleven estimates are omitted.

1 The overall treatment effect was determined by two regression coefficients: treatment group and the interaction between age and treatment
group. The use of either coefficient alone did not reflect the overall treatment effect. The overall treatment effect was based on the general linear
test with 2 degrees of freedom for the numerator.

{§ For the common carotid artery, B=(~0.0453) + (0.0017) x age, and the standard error=(7.5x10-4) - (4.1x10-5) x age + (6.4x1077) x age2.

| For the combined value, B=(~0.5433) +(0.0201) x age, and the standard error=(0.1180) - (0.0065) x age + (9.2x10-5) x age2.
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intensive-treatment groups in the change in the
intima-media thickness of the common carotid
artery as a function of attained age. The intensive
therapy during 6.5 years of the DCCT resulted in a
significantly slower rate of progression of intima—
media thickness during the 6 years of the EDIC
study (P=0.004).

DISCUSSION

We assessed the long-term effect of intensive
treatment of type 1 diabetes, presumably mediated
through improved glycemic control, on the thick-
ness of the carotid-artery wall over time. Using a
multivariate linear regression model incorporating
important covariates that were not affected or con-
founded by treatment, as well as the interaction be-
tween age and treatment group, we found a signif-
icant effect of intensive therapy, as compared with
conventional treatment, during the DCCT on the
subsequent change in the intima—-media thickness
with age. The intensively treated group had a small-

er increase in the thickness with age than did the
conventionally treated group. The differences in
intima-media thickness between these treatment
groups could be due to the less atherogenic lipid
profile and decreased level of microalbuminuria
seen with intensive therapy during the DCCT. How-
ever, even after adjustment for these variables in
additional models, intensive therapy (and the low-
er mean glycosylated hemoglobin value during the
DCCT) continued to be associated with a decrease
in the progression of the intima—media thickness.
The differences in the glycosylated hemoglobin
value during the DCCT explained 96 percent of
the long-term differences between groups (sum of
squares) in the intima—media thickness of the com-
mon carotid artery at year 0.

Although the rate of cardiovascular disease is
increased among patients with diabetes, -5 the role
of glycemia in this process remains uncertain.125
Intervention trials achieving variable degrees of
glycemic control in patients with type 1 and type
2 diabetes have found either no statistically sig-
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nificant beneficial effect on cardiovascular end
points9:26:27 or a positive effect that was not consis-
tent in all groups and analyses.28-3° A meta-regres-
sion analysis, including predominantly patients
with type 2 diabetes and subjects without diabetes,
found a progressive relation between initial fasting
and postprandial glucose levels and the subsequent
occurrence of cardiovascular events over a 12-year
period.3® The increased relative risk extended to
subjects with glucose levels below the threshold
for the diagnosis of diabetes. These studies have
generally focused on cardiovascular disease events.
However, several epidemiologic analyses in patients
with type 2 diabetes have shown associations be-
tween intima—media thickness — as an early indi-
cator of atherosclerosis — and glycemia.32:33

Our results demonstrate an association between
glycemia and intima-media thickness, a sensitive
marker for coronary and cerebral vascular disease,
in patients with type 1 diabetes. The explanation
for the apparently delayed effect of diabetes inter-
ventions on intima-media thickness —at year 1 of
the EDIC study there was no effect of intensive ther-
apy and no significant associations between carot-
id intima-media thickness and the mean glycosy-
lated hemoglobin value during the DCCT1¢ — may
lie in the putative pathogenic mechanism of ath-
erosclerosis and in the demographics of the DCCT
cohort. The accelerated development of atheroscle-
rotic lesions in patients with diabetes may be the
result of a gradual accumulation of advanced gly-
cosylation end products.34:35 Thus, it may take years
for atherosclerosis caused by various levels of hy-
perglycemia to develop, especially in a relatively
young population, such as the DCCT cohort.

We16 and others3¢-38 have found the conven-
tional cardiovascular disease risk factors of hyper-
tension, dyslipidemia, and smoking to be related
to intima-media thickness in patients with type 1
diabetes. Urinary albumin excretion was also asso-
ciated with atherosclerosis, as suggested in other
studies.39

The differences in intima—media thickness that
we observed at year 6 between the diabetic cohort
and the age- and sex-matched nondiabetic controls
confirm and extend the results of several earlier,
smaller studies. Increased carotid intima—-media
thickness has been reported in 105 Japanese pa-
tients with type 1 diabetes, as compared with those
in age- and sex-matched controls,*° and in 60 Ital-
ian patients with type 1 diabetes.#! Studies of pa-
tients with type 2 diabetes have also demonstrated

0.15+

0.104

0.054

Difference in Mean Intima—Media Thickness (mm)

Age (yr)

Estimated Mean Intima—Media Thickness and Age.

(P=0.004).

Figure 2. Mean Treatment-Related Difference in the Relation between the

Dotted lines represent 95 percent confidence intervals. The overall difference
(conventional treatment minus intensive treatment) was significant

a difference in intima-media thickness between
diabetic patients and nondiabetic subjects32:42;
however, the relevance of these findings in the gen-
erally younger patients with type 1 diabetes who
have a lower burden of cardiovascular disease and
risk factors for cardiovascular disease is uncertain.

Our study has some limitations. The entire EDIC
cohort did not participate in the carotid ultrasono-
graphic measurements. However, the proportion of
subjects who did not participate was small (10.6
percent), and the clinical characteristics of the non-
participants and participants were generally similar.
The unequal prevalence of smoking in the EDIC
cohort and the age-matched nondiabetic controls
could account for some of the differences in carotid
intima—media thickness between these two groups;
however, analyses that controlled for smoking yield-
ed similar results. Differential use between treat-
ment groups of medications known to ameliorate
risk factors for cardiovascular disease and athero-
genesis might explain, or confound, these results.
However, here again, analyses that controlled for
medication use and elevated blood pressure or low-
density lipoprotein level yielded the same results.
In fact, the more frequent use of such medications
by the conventional-treatment group would be ex-
pected to decrease the differences in intima—media
thickness that we found.

The results for intima—-media thickness in the
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DCCT cohort, which was carefully selected to ex-
clude patients with several other risk factors for ath-
erosclerosis,® might not extend to all patients with
type 1 diabetes. However, as noted previously,*3 at
base line there were few differences between the
DCCT cohort and the unselected population-based
cohortwith type 1 diabetes in the Wisconsin Epide-
miologic Study of Diabetic Retinopathy. Therefore,

ages,>*5 increasing the likelihood of detecting a
difference in cardiovascular disease event rates be-
tween treatment groups, should one exist. Longer
follow-up of this cohort will reveal whether the de-
crease in the progression of intima—media thick-
ness with intensive diabetes therapy translates into
a clinically meaningful reduction in cardiovascular

disease events.
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