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Abstract
Introduction—Type 1 diabetes mellitus is associated with early atherosclerosis and enhanced
cardiovascular mortality. The relationship between carotid IMT (cIMT), a marker of subclinical
atherosclerosis and left ventricular (LV) mass, an independent predictor of cardiovascular
morbidity has not been previously studied in type 1 diabetics.

Methods—The Epidemiology of Diabetes Interventions and Complications (EDIC) study is a
multicenter observational study designed to follow up the Diabetes Control and Complications
Trial (DCCT) cohort. LV mass was measured with cardiac MRI at EDIC year 15 and common
cIMT was assessed using B-mode ultrasound at EDIC year 12. Multivariable linear regression
models were used to assess the relationship between cIMT at year 12 and LV mass at year 15.

Results—A total of 889 participants had both cardiac MRI and cIMT measures available for
these analyses. At EDIC year 15, the mean age of the participants was 49 (±7) years; mean
diabetes duration was 28 (±5) years and 52% were males. Spearman correlation coefficient (r)
between LV mass and cIMT was 0.33 (p<0.0001). After adjusting for basic covariates (machine,
reader, age and gender), a significant association between LV mass and cIMT (estimate 2.0 g/m2

per 0.1 mm cIMT increment, p < 0.0001) was observed. This association was diminished by the
addition of systolic blood pressure in particular 1.15 g/m2 per 0.1 mm cIMT increment, p<0.0001)
and to a lessor extent other cardiovascular disease (CVD) risk factors. The relationship observed
between LV mass and cIMT was stronger (HOW MUCH) in patients with shorter diabetes
duration.

*A complete list of the members of the DCCT/EDIC Research Group can be found in Archives of Ophthalmology, 2008;126(12):
1713. (Haven’t we listed the research group members in a publication since 2008?)

A list of the participating radiologists and technologists is shown in the online supplemental material 1 available at Circulation web
site.
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Conclusion—In a well characterized population with type 1 diabetes, cIMT was an independent
predictor of higher LV mass. These findings suggest a common pathway, possibly mediated by
blood pressure dependent mechanisms, for vascular and myocardial structural change in T1DM.

INTRODUCTION
Type 1 diabetes mellitus (T1DM) is characterized by an increased prevalence of
cardiovascular disease (CVD) risk factors, accelerated atherosclerosis, microvascular
disease and increased burden of CVD events1. Increased carotid intima-media thickness
(cIMT) measured with B mode ultrasound is regarded as a measure of generalized
atherosclerosis2, 3 and has been shown to have prognostic significance for CVD events
including myocardial infarction, stroke, coronary revascularization and death4–6. Likewise,
left ventricular hypertrophy (LVH) determined by ECG, echocardiography and magnetic
resonance imaging (MRI) has been shown to be an independent risk factor for coronary
heart disease, stroke and heart failure7–11. Even without hypertrophy, continuous measures
of left ventricular (LV) mass within the normal range are also predictive of cardiovascular
morbidity and mortality12. LVH is frequently seen in T1DM and correlates with the duration
of diabetes and prevalence of other diabetic complications13, 14.

Parallel relationships have been demonstrated between cIMT and LV mass in population
studies15 and particularly well documented in hypertensive populations16, 17. In this report,
we examine the relationship between cIMT and LV mass in a cohort of patients with T1DM.
We further explore how traditional CVD risk factors and diabetic factors affect the
association between cIMT and LV mass. We hypothesized that delineation of these
interrelationships would provide a better understanding of the mechanism of end organ
remodeling in T1DM while also offering enhanced prognostic information for risk
stratification.

METHODS
Study design

The study designs for the Diabetes Control and Complications Trial (DCCT) and the
Epidemiology of Diabetes Interventions and Complications (EDIC) study have been
described elsewhere18, 19. Briefly, 1441 patients with T1DM aged 13–39 years without
cardiovascular disease, hypertension, or hypercholesterolemia at baseline were recruited and
randomly assigned to intensive or conventional diabetes therapy. More than 95% of the
surviving DCCT cohort (1375 subjects) agreed to be followed up in the Epidemiology of
Diabetes Interventions and Complications (EDIC) study which was designed as a
prospective observational follow-up study of the DCCT cohort. The study was approved by
the institutional review boards of all participating centers and all participants gave written
informed consent.

Cardiac Magnetic Resonance Imaging
1028 participants from the EDIC cohort consented and were eligible for cardiac magnetic
resonance imaging (MRI) exam. Cardiac MRI exam was done at EDIC year 15. The details
of the cardiac MRI protocol have been previously described20. Briefly, participants were
scanned with 1.5 Tesla magnets in all but one center which had a 3 Tesla magnet. Cardiac
cine images were acquired in two-chamber, four-chamber and short axis planes with breath
holds using an ECG triggered steady-state free-precession (SSFP) pulse sequence (TR/TE:
<3.8/minimized msec; flip angle: maximized; spatial resolution: 2.5×2×8 mm; slice gap: 2
mm; temporal resolution: 30–50 msec). All cardiac MRI studies were evaluated and
quantified at a single reading center by readers who were blinded to the patients’ clinical
information. Left ventricular (LV) mass, volumes and functional parameters were
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determined from short axis cine images covering the heart from base to apex throughout the
cardiac cycle using the QMASS software (version 6, Medis, Leiden, the Netherlands). Left
ventricular endocardial and epicardial contours were traced manually at both end-diastole
and end-systole by one physician reader and checked by a second cardiac magnetic
resonance physician. Papillary muscles were included in the LV end-diastolic volume
determinations and LV end-systolic volume but excluded from LV mass measurements. LV
mass was determined by the sum of the myocardial area (thedifference between endocardial
and epicardial contour) timesslice thickness plus image gap in the end-diastolic phase
multipliedby the specific gravity of myocardium (1.05 g/mL. Intra-observer variability was
assessed by repeating the measurements of LV mass and volumes on 100 DCCT/EDIC
participants.

Carotid IMT measures
The measurement of carotid intima–media thickness (IMT) has been described in detail21.
Carotid IMT was measured 3 times during the EDIC study, at baseline, year 6 and year 12.
A single longitudinal lateral view of the distal right and left common carotid arteries was
obtained. Studies were performed by certified technicians at the clinical centers, recorded on
videotapes, and read in a central unit (Tufts University, Boston) by two single readers, who
were unaware of the subjects’ diagnostic groups, treatment assignments and the time of the
studies. The mean of the maximum intima–media thickness of the common carotid artery
was defined as the mean of the maximum value for the near and far walls on both the right
and left sides. Since there was only a single measure available for cardiac MRI, we decided
to use the carotid IMT measure from EDIC year 12 as this was obtained closest to the time
of the cardiac MRI study.

Covariates
During DCCT, participants underwent an annual medical history and physical examination,
electrocardiography and laboratory testing for fasting lipid levels, serum creatinine values
and other risk factors for cardiovascular disease18. Glycated hemoglobin values (HbA1c)
were measured quarterly22. Hypertension was defined as blood pressure ≥ 140/90 mmHg or
use of anti-hypertensive medications19. Hyperlipidemia was defined as low density
lipoprotein levels ≥ 130 mg/dl or use of lipid lowering medication. Macroalbuminuria was
defined by urinary excretion of albumin equal to or greater than 300 mg during a 24 hour
period or end stage renal disease (ESRD). During the EDIC follow up study, the same
methods used in DCCT were continued, but glycated hemoglobin (HbA1c) was measured
annually, and fasting lipid levels and renal function indices were measured in alternate
years.

Statistical Analysis
Clinical characteristics of DCCT/EDIC participants, measured immediately before or at the
time of cardiac magnetic resonance scan, are reported as mean ± SD or percentage as
appropriate. Differences between participants and non-participants or men and women were
compared using Wilcoxon rank-sum test for quantitative variables and chi-square test for
categorical variables.

Adjustment for body size was made by dividing LV mass by body surface area (LV mass
index). The relationship between carotid IMT (cIMT) and LV mass index was evaluated
using the Spearman correlation coefficient. Multivariable linear regression models were
used to study the association between LV mass and the preceding cIMT, after adjusting for
basic covariates; age, gender, MRI scan, primary vs. secondary cohort, and IMT reader and
machine. Further models included CVD risk factors; current smoking, mean systolic blood
pressure (SBP) over DCCT/EDIC, mean LDL cholesterol, mean HbA1c, attained duration
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of diabetes, and history of macroalbuminuria. Covariate mean values were weighted means
where the values at each visit were weighted by the interval between values, owing to
differences in visit schedules during DCCT and EDIC. The most significant factor for the
multivariate association among similar variables (e.g. systolic and diastolic blood pressure)
was employed. The strength of a covariate effect was measured by the semi-partial type II
R2 that is the change in model R2 when that covariate is dropped from the model, expressed
as a percentage. The two-way interaction between cIMT and each risk factor was assessed,
and the interaction of cIMT and attained diabetes duration was significant in the final full
model. cIMT and duration are continuous variables so the slope for regression of LV mass
on cIMT over the range of attained duration is presented. All analyses were performed using
SAS software (version 9.2; SAS Institute, Cary, NC). P values <0.05 were considered
statistically significant.

RESULTS
Study participants

Of the 1441 EDIC participants, both cardiac MRI and carotid IMT (cIMT) measures were
available in 889 participants. Comparing the subjects included as compared to those not
included (Table 1), there were no significant differences in age, gender, diabetes duration,
treatment assigned, renal function, body mass index, weighted systolic and diastolic blood
pressure or total cholesterol levels. However, HbA1c levels, the percentage of participants
who were current smokers and total triglyceride levels were significantly lower in the
subjects included in the current study versus the values in those not included.

Clinical characteristics of the study participants at the time of cardiac MRI stratified by
gender are presented in Table 2. The majority of the participants were Caucasian (> 96%)
and 53% were men. The mean age was slightly higher for men than women (50 vs. 49 years;
p<0.01). Men had higher body mass index than women (28.2 vs. 27.9 kg/m2; p<0.05),
higher systolic blood pressure (120 vs. 115 mmHg; p<0.0001), higher diastolic blood
pressure (76 vs. 72 mm Hg; p<0.0001), more likely to be on antihypertensive medications
(p<0.05), had higher triglyceride levels (89 vs. 78 mg/dl; p<0.001), lower HDL cholesterol
(50 vs. 60 mg/dl; p<0.0001), and were more likely to be on lipid lowering medications
(p<0.0001). Men were also more likely to have albuminuria (11.4% vs. 6.6%; p<0.05). Both
men and women had similar attained duration of T1DM, weighted HbA1c levels and LDL
cholesterol levels. A lower proportion of the women than the men were on ACE-inhibitors
or ARBs (49% vs 59%,p<0.01).

Left ventricular mass indexed for body surface area was significantly higher in men than
women (76.5 g/m2 vs. 64 g/m2; p<0.0001). Likewise, common cIMT was significantly
higher in men as compared to women (0.71 mm vs. 0.65 mm; p<0.0001).

Complications
Table 3 presents the presence of diabetes associated complications in the study cohort. One
or more clinical and/or subclinical complications were present in 43% of the current study
participants. Clinical or silent myocardial infarction had occurred in 3.4% of participants,
coronary calcium score >200 was prevalent in 6.8% participants, retinopathy in 20.4%,
microalbuminuria in 26.1%, autonomic neuropathy in 31.3% and peripheral neuropathy in
28.9% of the participants.

Relationship between LV mass and common cIMT
Carotid IMT (cIMT) was significantly correlated with LV mass (r=0.33; p<0.0001) and LV
mass indexed to body surface area (r=0.28; p<0.0001). In the basic adjusted model, LV mass
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index was greater by 2g/m2 for every 0.1mm higher common cIMT with a semi-partial R2 =
3.8%, p<0.0001 (Table 4; basic model). In a model further adjusted for current smoking,
presence of macroalbuminuria/ESRD, attained diabetes duration, mean weighted systolic
blood pressure, mean weighted LDL cholesterol and HbA1c, the association between LV
mass and cIMT was attenuated but remained statistically significant with a 1.22g/m2 higher
LV mass index corresponding to a 0.1mm higher cIMT (R2 = 1.2%, p<0.0001). The
proportion of variability explained by the covariates included in the basic model was 30%
and that by the fully adjusted model was 40%. To assess the effect of individual risk factors
on the relationship between cIMT and LV mass index, we further developed a series of
regression models over the basic model where each risk factor was added individually to the
basic model. We compared the R2 of the new model thus generated with the R2 of the basic
model and also the change if any for the beta coefficient between cIMT and LV mass index.
The association between cIMT and LV mass index after adjusting for each of the individual
risk factors separately over the basic model is shown in Table 5. The greatest changes in the
model R2 and the semi-partial R2 for the cIMT were seen after adding either mean systolic
blood pressure or a history of end stage renal disease to the basic model, while other risk
factors only minimally changed these R2 Values. While the 2 models including either SBP
or ESRD were comparable in the extent of variability explained for LV mass, the model
obtained by adding SBP reduced the beta estimate for cIMT by 42.5% percent while ESRD
only reduced the beta estimate for cIMT by 16.5%.

We further assessed possible interactions between individual risk factors in the final model
and carotid IMT in relationship to LV mass. After correcting for multiple tests, the
interaction of attained diabetes duration with cIMT on LV mass was significant.
Interestingly, an inverse interaction was observed such that patients with shorter disease
duration had a stronger association between cIMT and LV mass as compared to those who
have had diabetes for a longer time (interaction β = −0.12±0.05, p=0.0071) (Figure 1). There
were no significant interactions between other CVD risk factors and the effect of cIMT on
LV mass.

DISCUSSION
In this study, we found that in a population of well-characterized patients with T1DM, there
was a strong association between ultrasound measures of carotid wall thickness and MRI
determined left ventricular mass. The association was most significantly attenuated (almost
50%) after the addition of weighted systolic blood pressure and changed minimally with the
addition of other risk factors suggesting that this relationship is predominantly mediated
through blood pressure dependent mechanisms. Furthermore, patients with shorter duration
of T1DM exhibited a more marked association between carotid IMT and left ventricular
mass in comparison with those with longer duration of diabetes. These findings suggest that
parallel vascular and cardiac structural changes occur in patients with T1DM.

Both LV mass and cIMT share common determinants such as age, gender, body size and are
also affected by CVD risk factors which occur with greater frequency in the type 1 diabetes
mellitus (T1DM) population compared with age-matched non-diabetics. While these
subclinical target organ changes could be the result of common pathophysiologic pathways
such as hemodynamic factors, neurohormonal influences, or the atherosclerotic process, it is
not known whether the association between LV mass and cIMT is an interdependent
bidirectional association or an actual cause effect relationship. Vascular remodeling is
thought to be a composite of adaptive and atherosclerotic response to altered hemodynamic
load and accumulation of risk factors23. The association between LVmass and cIMT could
represent a compensatory adaptation to increased hemodynamic load in both end organs and
studies have shown that the relationship is mediated mainly through hypertrophic
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responses24. Findings from previous studies and the current study show that the relationship
between LVmass and cIMT persists even after adjusting for established risk factors,
supporting an independent direct relationship.

The relationship between cIMT and LV mass has been previously studied in a healthy
population25, a community dwelling older population15, primary and secondary
hypertension26–28, patients with prior myocardial infarction29, in patients with type 2
diabetes mellitus30 and in patients with end stage renal disease31. In these studies, the
strength of the association (r) between LV mass and cIMT measures ranged from 0.20 to
0.62 (VERSUS 0.19 IN THE CURRENT STUDY? ARE THOSE ADJUSTED OR RAW
ASSOCIATIONS. IF 0.19 IS RIGHT, WE COULD ADD THE STATEMENT BELOW IN
YELLOW). A weaker relationship was seen in patients with more atherosclerotic burden
(older population, patients with prior MI) and stronger relationship was observed in
hypertensive populations. The weaker relationship observed in older individuals and those
with previous MI could be due to the use of lipid lowering medications and ACE inhibitors
which modify the structural changes in arterial walls and cardiac structure. In the current
study, the long duration of diabetes (27 years) may have also resulted in lower associations
(r = 0.19) between LV mass and cIMT that in prior reports. Although a direct comparison is
not possible, the relationship between LV mass and cIMT may mediated through a complex
interplay of several different factors representing diabetic, atherosclerotic and hemodynamic
alterations in this population.

We found that the slope of the relationship between cIMT and LV mass was stronger for
those with shorter duration of diabetes than those with longer duration of diabetes. This
could mean that the association is stronger early in the course of diabetes and shows a
plateau effect with longer disease duration or that there is dissociation between these two
parameters later in the course of diabetes. One possible explanation is the initiation over
time of more aggressive CVD risk factor reduction, especially with drugs such as ACE
inhibitors and beta blockers which have protective effects on ventricular remodeling. In the
current study, more than 50% of the participants were treated with ACE inhibitors. Such
drugs are being increasingly prescribed early in the course of the diabetes possibly
modifying the natural progression of the disease. This is further heightened by the fact that
patients with T1DM now have an exceptionally improved survival and life expectancy than
that seen some decades ago. Moreover, our subjects were extensively monitored and treated
for risk factors and complications like nephropathy, neuropathy, retinopathy, had strictly
controlled HbA1c levels (all <8), and relatively well controlled risk factors such as blood
pressure and cholesterol levels (table 2). Another possible mechanism of this observed
relationship with disease duration could be the opposite effects that diabetes duration has on
cIMT and LVmass. In the DCCT/EDIC study, diabetes duration has been shown to have an
independent positive relationship with cIMT32 and an inverse relationship with LV mass
(fully adjusted model in table 4). While no other risk factor had a significant interaction in
the relationship between cIMT and LV mass, it could also be true that the small variation in
risk factors in the present study might also limit the power to observe additional interactions
between cIMT and these risk factors.

Strengths and limitations
This study is the first to describe the parallel relationship between carotid wall thickness and
left ventricular mass in a large population of patients with T1DM patients, taking into
account the association of risk factors on these target organs. LV mass was determined using
MRI which is the gold standard for accurate estimation of cardiac parameters. Potential
limitations of this study are that the study population might not be representative of the
general diabetes population as this is a long term observational study of a clinical trial cohort
where participants received close monitoring and follow up. Carotid wall area, lumen
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diameter and carotid plaque measures were not available in the present study. Furthermore,
we did not take into account patterns of LVH (concentric, eccentric vs. concentric
remodeling). Finally, this is a cross sectional study since cardiac MRI was available at only
one time point; hence it is not possible to draw causal inferences.

Clinical implications—Cardiovascular disease is the leading cause of premature
mortality in T1DM, over and above that estimated from traditional CVD risk factors.
Accurate risk estimation and subsequent modifications with therapy are important goals for
improved clinical outcomes in such patients. This study shows that even with well
controlled risk factors, subclinical alterations in cIMT and LV mass, both of which are
independent predictors of CVD events, occur in parallel to each other. While there is a
significant relationship between these measurements, the association is not absolute
warranting the clinical evaluation of each individual component for better risk profiling.
Further studies in type 1 diabetes populations utilizing both carotid and cardiac imaging
markers for risk reclassification should be evaluated.

CONCLUSION
An association between carotid IMT, a measure of atherosclerosis, and left ventricular mass
has been demonstrated in a cohort of patients with T1DM. The association persisted even
after controlling for CVD and other diabetes-associated risk factors. These findings suggest
a potential contribution of arterial remodeling on LV mass and might help to explain
additional risk for CVD seen in these patients. The role of improving risk stratification in
patients with long standing diabetes using both imaging methods should be explored further.
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Figure 1.
Interaction between attained diabetes duration and the relationship between cIMT and LV
mass
* Where the slope decreases as a function of increasing attained duration of type 1 diabetes.
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Table 1

Clinical characteristics of participants with both CMRI and cIMT measures available (included in the present
study) vs. overall study population

Clinical Characteristics Included (n=889) Excluded (n=552) * p-value

Female (%) 47.5 46.7 0.787

Primary (%) 49.0 52.5 0.197

Intensive (%) 51.2 46.4 0.076

DCCT Baseline

 Age (years) 27 ± 7 27 ± 8 0.775

 Adult (%) 88.3 83.5 0.010

 Type1 duration (years) 5.8 ± 4.2 5.4 ± 4.1 0.072

 Smoking (%) 16.1 22.3 0.003

 BMI (kg/m2) 23.3 ± 2.7 23.5 ± 3.0 0.411

 HbA1c (%) 8.7 ± 1.5 9.1 ± 1.7 < 0.0001

 Cholesterol

  Total (mg/dl) 175 ± 33 178 ± 34 0.309

  HDL (mg/dl) 50 ± 12 51 ± 12 0.466

  LDL (mg/dl) 109 ± 29 110 ± 30 0.910

  Triglycerides(mg/dl) 79 ± 45 85 ± 51 0.029

 Blood pressure (mm-Hg)

  Systolic 114 ± 11 115 ± 12 0.080

  Diastolic 73 ± 8 73 ± 9 0.570

 Renal Function

  Serum Creatinine+ 0.81 ± 0.15 0.80 ± 0.15 0.344

  Log (AER) (mg/24 hr) 2.39 ± 0.78 2.47 ± 0.80 0.098

  AER ≥ 30 mg/24 hr (%) 9.8 12.7 0.086

  eGFR 112 ± 26 114 ± 28 0.183

  eGFR < 60 ml/min/1.73m2 (%) 0 0.4 0.073

 Weight Gain (DCCT baseline to DCCT Close out) 6.9 ± 7.8 8.3 ± 9.4 0.061

*
p-value is based on Chi-Square test for categorical variables and Wilcoxon Rank Sum test for continuous variables.

+
No one had serum creatinine ≥ 2 mg/dl at DCCT baseline
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Table 2

Clinical characteristics of the participants immediately before, or at the time of the CMRI scan, by gender
(numbers are presented as mean ± SD or percentage as appropriate).

Variable Female (n=422) Male (n=467) * p value

Race(%White) 96.7 96.6 0.857

Attained Age (years) 49 ± 7 50 ± 6 0.005

Attained Duration of IDDM (years) 27.8 ± 4.9 27.4 ± 4.8 0.207

Current cigarette smokers (%) 10.7 12.0 0.533

Current drinker (%) 37.2 52.9 < 0.0001

Body Mass Index 27.9 ± 5.3 28.2 ± 4.1 0.043

BMI >= 25 (%) (Overweight) 67.1 75.8 0.004

BMI >= 30 (%) (Obese) 30.3 31.1 0.817

Natural waist-to-hip ratio 0.80 ± 0.07 0.91 ± 0.07 < 0.0001

Weighted systolic blood pressure (mm Hg) 115 ± 8 120 ± 7 < 0.0001

Weighted diastolic blood pressure (mm Hg) 72 ± 5 76 ± 5 < 0.0001

Hypertensive+ (%) 45.0 52.9 0.019

Anti-Hypertensive Medication (%) 36.3 44.5 0.012

Hemoglobin A1c (%)

 Prior to CMRI 8.0 ± 1.3 7.8 ± 1.2 0.063

 Weighted HbA1C 8.0 ± 1.0 7.9 ± 1.0 0.282

Weighted Lipid-HDL Cholesterol (mg/dl) 60 ± 12 50 ± 11 < 0.0001

Weighted Lipid-LDL Cholesterol (mg/dl) 110 ± 20 111 ± 21 0.523

Weighted Lipid-Total Cholesterol (mg/dl) 186 ± 23 178 ± 24 < 0.0001

Weighted Lipid Triglyceride (mg/dl) 78 ± 35 89 ± 45 0.0006

Hypercholesterolemia# (%) 54.3 72.4 < 0.0001

Lipid lowering medication (%) 47.6 67.5 < 0.0001

AER >= 30 mg/24h(%) or ESRD (sustained) 23.7 28.3 0.121

AER >= 300 mg/24h(%) or ESRD (ever) 6.6 11.4 0.015

eGFR < 60 7.8 4.9 0.075

Left Ventricular Mass/BSA (g/m2) 64.0 ± 10.3 76.5 ± 12.2 < 0.0001

Common IMT Year 12 (mm) 0.65 ± 0.10 0.71 ± 0.16 < 0.0001

Any ACE or ARB 49.1 58.7 0.004

Any Beta Blocker 8.1 7.9 0.941

*
p-value based on Chi-Square test for categorical variables and Wilcoxon rank sum test for continuous variables.

+
Hypertension was defined as blood pressure ≥ 140/90 mmHg or use of anti-hypertensive medications.

#
Hypercholesterolemia was defined as low density lipoprotein levels ≥ 130 mg/dl or use of lipid lowering medication
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Table 3

Characterization of Complications1

CMRI screened participants
with current EDIC data

(N=1240)
Participants with CMRI

(N=1017)
Participants with CMRI &

IMT (N=889)

Cardiovascular Disease N (%) N (%) N (%)

 Clinical or Silent MI 52 (4.2) 37 (3.6) 30 (3.4)

  Adjudicated Clinical MI Events 24 (1.9) 14 (1.4) 10 (1.1)

  Silent MI 30 (2.4) 23 (2.3) 20 (2.3)

  CAC score > 0 (%) (year 7–9) 343 (30.6) 282 (30.3) 244 (29.4)

  CAC score > 200 (%) (year 7–9) 88 (7.9) 67 (7.2) 56 (6.8)

Retinopathy

 PDR or worse 252 (20.3) 206 (20.3) 181 (20.4)

Nephropathy

 Macroalbuminuria/ESRD2 124 (10.0) 98 (9.6) 81 (9.1)

 Sustained Microalbuminuria/ESRD3 338 (27.3) 269 (26.5) 232 (26.1)

Neuropathy4

 Autonomic Neuropathy 377 (32.2) 310 (31.7) 270 (31.3)

 Peripheral Neuropathy 342 (30.0) 282 (29.4) 245 (28.9)

All Complications5

 Participants with 0 complication 694 (56.0) 578 (56.8) 507 (57.0)

 Participants with 1 complication 351 (28.3) 277 (27.2) 241 (27.1)

 Participants with 2 complications 138 (11.1) 116 (11.4) 104 (11.7)

 Participants with ≥ 3 complications 57 (4.6) 46 (4.5) 37 (4.2)

1
All complications were cumulative from DCCT to EDIC year 14–16 except for neuropathy.

2
AER ≥ 300 mg/24hr or ESRD

3
AER ≥ 30 mg/24hr consecutive two visits or ESRD

4
Neuropathy data was obtained once at EDIC year 13/14.

5
All complications were defined having clinical or silent MI, PDR or worse, macroalbuminuria/ESRD, or autonomic neuropathy
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Table 5

Cardiovascular risk factors and the association between cIMT and LV mass after minimal adjustment and
adjustment for each risk factor separately.

Model Model R2 (%) Semi-partial R2 (%) Estimate of β±SE p-value

Basic model + smoking 30.9 1.08 4.31 ± 1.17 0.0002

Common IMT (per 0.1mm) 3.31 1.88 ± 0.29 < 0.0001

Basic model +attained diabetes duration 31.4 0.54 −0.30 ± 0.12 0.0094

Common IMT (per 0.1mm) 3.52 1.94 ± 0.29 < 0.0001

Basic model + mean SBP 36.5 5.14 0.42 ± 0.05 < 0.0001

Common IMT (0.1mm) 1.11 1.15 ± 0.30 < 0.0001

Basic model + mean LDL 32.3 0.43 −0.04 ± 0.02 0.0200

Common IMT (per 0.1mm) 3.69 1.97 ± 0.29 < 0.0001

Basic model + mean HbA1C 32.1 0.66 1.13 ± 0.39 0.0039

Common IMT (per 0.1mm) 3.00 1.81 ± 0.29 < 0.0001

Basic model + Any AER≥300/ESRD(ever) 37.0 5.64 10.90 ± 1.24 < 0.0001

Common IMT (per 0.1mm) 2.58 1.67 ± 0.28 < 0.0001

1
Basic model adjusted for attained age, gender, study cohort, MRI machine type, IMT reader and machine type,

The units are missing for SBP, LDL and Hba1c
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