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KEYWORDS Abstract Background and aims: There is clinical trial evidence that only early, intensive risk fac-
Diabetes; tor control can reduce cardiovascular disease (CVD) morbidity and mortality in type 2 diabetes
Carotid ultrasound; (T2DM). However, there is little information regarding preclinical atherosclerosis at diabetes
Atherosclerosis; diagnosis. We assessed carotid atherosclerosis in new-onset T2DM and control individuals
Plaque; without prior CVD.

Intima-media Methods and results: In a cross-sectional case—control study, we determined intima-media thick-
thickness ness (IMT) and plaque (IMT >1.5 mm) by ultrasound at all carotid sites in new-onset T2DM pa-

tients and controls. We assessed 106 T2DM patients, median age 62 years, 46% women, 19%
smokers, 54% with hypertension, and 41% with dyslipidemia and 99 non-diabetic subjects
matched by age, sex, and cardiovascular risk factors. Compared to controls, T2DM patients had
higher common carotid artery (CCA)-IMT (median 0.725 vs. 0.801 mm, p = 0.01), bulb-IMT
(0.976 vs. 1.028 mm, p = 0.12), and internal carotid artery (ICA)-IMT (0.727 vs. 0.802 mm,
p = 0.04). The prevalence of total plaque (60% vs. 72%, p = 0.06), ICA plaque (20% vs. 42%,
p < 0.01), and harboring >3 plaques (16% vs. 35% p < 0.01) was also higher in T2DM. Plaque score
(sum of maximum plaque heights) was also higher (p < 0.01) in T2DM. Diabetic women showed
more advanced carotid atherosclerosis than diabetic men when they were compared with their
respective non-diabetic counterparts.

Conclusions: There is a high prevalence of preclinical atherosclerosis (carotid plaque presence
and burden) in new-onset T2DM subjects, especially in women. Early, still reversible, preclinical
atherosclerosis may explain in part why early intervention is effective to prevent CVD in this pa-
tient population.

© 2015 Elsevier B.V. All rights reserved.

Introduction (CVD) morbidity and mortality in patients with type 2

diabetes (T2DM) [1-3]. Intensive glucose control at
Based on clinical trial evidence, it has been suggested that advanced disease stages may not necessarily improve
only early intervention can prevent cardiovascular disease cardiovascular outcomes and may even be detrimental [4].
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Whether this differential impact on CVD is due to the
different drugs used for glycemic control, rates of hypo-
glycemia [5] or glucose variability [6], preexisting CVD
[4,7], or diabetic neuropathy, is still a matter of debate [8].

These findings may also imply that atherosclerosis at
diabetes diagnosis is at an early, still modifiable disease
stage in which intensive glycemic control may modify its
natural history and thus be worth pursuing [1]. However,
sparse information is available regarding atherosclerosis
prevalence and its characteristics when diabetes is diag-
nosed. Furthermore, although CVD prevention is one of the
major goals of treatment in T2DM, risk assessment tools,
mostly based on traditional cardiovascular risk factors
(CVRF), lack adequate specificity to identify individuals
with diabetes at higher risk. Therefore, non-invasive
testing for preclinical vascular disease, such as carotid ul-
trasound or coronary artery calcium by computerized to-
mography, have been recommended to better define
cardiovascular risk in selected groups of individuals,
including those at intermediate risk or with T2DM [9,10].

This clinical study aimed to improve knowledge on the
natural history of CVD in subjects with new-onset T2DM
by investigating whether carotid intima-media thickness
(IMT) and plaque differed in new-onset T2DM free of CVD
compared with non-diabetic controls. Furthermore, given
the evidence that diabetes is a stronger risk factor for CVD
in women [11], we investigated whether potential differ-
ences in preclinical atherosclerosis were similar in men
and women at this early diabetes stage when they were
compared with their respective non-diabetic counterparts.

Methods

The DIABIMCAP Study (Carotid Atherosclerosis in Newly
Diagnosed Type 2 Diabetic Individuals, ClinicalTrials.gov
Identifier: NCT01898572) is an observational study aiming
to investigate preclinical carotid atherosclerosis in this
population. Briefly, participants are evaluated twice, at
baseline and after 18 months of follow-up, during which
they are followed and treated by their primary care phy-
sicians according to current clinical practice guidelines in
Spain. Here we report cross-sectional data at baseline.
Primary care teams from 3 primary care centers in Barce-
lona were invited to identify patients with new-onset
T2DM between January 2012 and June 2013. Individuals
meeting inclusion criteria and willing to participate were
enrolled after signing an informed consent to a protocol
approved by the institutional review board. The study
protocol was conducted according to the principles of the
Declaration of Helsinki. Subjects from our Public Health
System with clinical (lack of autoimmune diabetes or anti-
glutamic acid decarboxylase negativity in suspicious cases)
and laboratory (fasting glucose and/or HbA1c, 1999 WHO
criteria) evidence of type 2 diabetes were identified. They
were considered new-onset T2DM and included in the
study if they were diagnosed within the previous year of
our recruiting period. In each patient an earlier diagnosis
of T2DM was ruled out on the basis of the personal clinical
history and after careful review of electronic clinical and

laboratory (fasting glucose and HbAlc levels) records
available at primary care centers since the year 2001.
Because diabetic patients usually have a high prevalence of
CVRF, new-onset T2DM were matched to non-diabetic
controls for age (&5 years) and sex as the main de-
terminants of atherosclerosis, but also for traditional CVRF,
namely treated hypertension and dyslipidemia, and cur-
rent smoking habit. Exclusion criteria for both new-onset
T2DM and control individuals were: prior history of CVD,
cancer, chronic renal failure (serum creatinine >1.5 mg/dl)
or chronic liver disease, congestive heart failure (NYHA
Class III-1V), history of alcohol or drug abuse or depen-
dence, major psychiatric illness, debilitating chronic
illness, or short life expectancy.

Clinical and laboratory determinations

Participants were invited to attend a first visit at their
primary health care center for physical examination and
ascertainment of inclusion and exclusion criteria. Age, sex,
smoking habits (current vs. nonsmoker), first-degree
family history of diabetes and CVD, and personal history
and treatment for hypertension and dyslipidemia were
recorded. Weight, height and waist circumferences were
measured by using standard methods. Body mass index
(BMI) was calculated as weight in kilograms divided by the
square of height in meters. Percentage body fat was
calculated by a validated equation based on BMI, sex, and
age, as previously described [12]. Blood pressure was
measured using a blood pressure monitor (Omron HEM-
7223-E; Hoofddorp, The Netherlands) after a few minutes
at supine position on the day when carotid ultrasound
study was performed. A fasting blood and spot first
morning urine samples were collected and biochemical
measurements were analyzed in a single laboratory
(Biomedical Diagnostic Center, Hospital Clinic, Barcelona)
using standardized assays to measure glucose, glycosy-
lated haemoglobin (HbA1lc), the lipid profile (including
total cholesterol, HDL-cholesterol, LDL-cholesterol by the
Friedewald formula, and triglycerides), alanine trans-
aminase, aspartate aminotransferase, gamma-glutamyl
transpeptidase, uric acid, high sensitivity C-reactive pro-
tein (CRP), white blood cell count, insulin, c-peptide,
creatinine, and the albumin-to-creatinine ratio. The
Modification of Diet in Renal Disease (MDRD-4) Study
equation was used to estimate glomerular filtration rate.
The homeostasis model assessment of insulin resistance
(HOMAIR) index was calculated as fasting serum insulin
(mU/ml) x fasting plasma glucose (mmol/l)/22.5.

Carotid ultrasound

In a second visit, bilateral carotid artery B-mode ultra-
sound imaging to evaluate intima-media thickness (IMT)
and plaque presence was performed according to a stan-
dardized protocol, as previously described [13]. Briefly,
within 1-3 months of clinical diagnosis, all new-onset
T2DM patients underwent sonographic assessment with
an Acuson X300 ultrasound system (Siemens) equipped
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with a VF 10-5 linear transducer (frequency range
5—10 MHz). Control individuals were also identified and
assessed with the same protocol during the same time-
frame. The same certified sonographer performed all ex-
aminations. IMTs at the common carotid artery (CCA),
bulb, and internal carotid artery (ICA) were measured off-
line by semiautomatic software. IMT-mean and IMT-
maximum from each segment was recorded. Plaques
were explored by using B-mode and color Doppler and
defined as a focal wall thickening encroaching into the
arterial lumen by at least 50% of the surrounding IMT value
or with thickness of at least 1.5 mm as measured from the
media adventitia interference to the intima-lumen surface
[14]. Plaque scores (sum of maximum heights of all pla-
ques) were recorded for all study subjects. For more
detailed description, see Supplemental Materials.

Statistical analyses

Data are presented as medians and 25th and 75th per-
centiles, mean & SD, or n (%), as appropriate. Non-
normally distributed variables were log transformed to
reduce skewness. Between-group differences in clinical,
anthropometric, and laboratory variables were evaluated
by the chi-squared test for categorical variables, Man-
n—Whitney test for continuous non-normally distributed
variables, or unpaired student’s t-test for continuous
normally distributed variables. Although by study design
there were no group differences in age and sex, carotid
atherosclerosis outcomes (dependent variables) were
adjusted for age and sex due to its marked effect on
atherosclerosis. To this aim linear regression and logistic
binary regression models were built with age, sex, and
GROUP as explanatory variables for IMT and plaque out-
comes, respectively. To test whether group differences
were modified by sex, we introduced the interaction term
GROUP x SEX in these models. Age-and-sex adjusted odds
ratios (OR) and 95% confidence intervals (CI) for plaque
outcomes were computed by using binary logistic
regression. Finally, to investigate whether group differ-
ences in preclinical atherosclerosis between new-onset
T2DM patients and non-diabetic individuals could be
explained by clinical and metabolic differences already
present at the time of diabetes diagnosis, stepwise mul-
tiple regression models were adjusted (in addition to age,
sex, hypertension, dyslipidemia, and smoking) for those
variables that were different between groups, i.e., BMI,
waist circumference, atherogenic dyslipidemia (HDL-
cholesterol and triglycerides), LDL-cholesterol, systolic
blood pressure, CRP, leukocyte count, HOMA-IR, and
HbAlc.

No information on plaque prevalence in new-onset
T2DM was available at the time of study design. Sample
size was therefore estimated based on expected differ-
ences in CCA-IMT between individuals with and without
T2DM [15]. We anticipated a mean CCA-IMT group differ-
ence of 0.12 mm (SD 0.24). A sample size of 95 subjects per
group was estimated to provide 85% statistical power,
assuming a 20% dropout rate. Analyses were performed

with SAS software, v.9.2 (SAS Institute Inc., Cary, North
Carolina).

Results
Subject’s characteristics

Per study design, new-onset T2DM and control groups
did not differ by age, sex, smoking status, or prevalence
of hypertension or dyslipidemia. However, new-onset
T2DM patients had higher BMI, body fat, waist circum-
ference, and prevalence of overweight and obesity.
Total and LDL-cholesterol were similar between groups
and mean systolic blood pressure was on average
5 mmHg higher in new-onset T2DM. As expected,
diabetes-related variables (fasting glucose, HbAlc,
HOMA-IR) and most laboratory variables associated with
obesity or increased abdominal fat, such as triglycerides,
HDL-cholesterol, and markers of chronic inflammation
(leukocyte count and CRP) were also different between
groups (Table 1).

Intima-media thickness and sex differences

Carotid IMT values for diabetic and control individuals are
shown in Tables 2 and 3. All values were significantly
higher in new-onset T2DM compared to controls, with the
exception of BULB-mean and BULB-max (p = 0.13 and
p = 0.10, respectively) (Table 2). We tested whether be-
tween group differences in IMT were similar in men and
women and found that differences in CCA-IMT and BULB-
IMT between new-onset T2DM and controls were larger
(significant SEX x GROUP interactions) for women than for
men (Table 3). Although this trend was also observed for
ICA-IMT measurements, interactions terms did not reach
statistical significance. While IMT measurements were
higher in non-diabetic men compared with non-diabetic
women (p < 0.01 all), no sex differences (p > 0.4 all)
were found for these variables within the diabetic group
(Table 3).

Carotid plaque and sex differences

Carotid plaque prevalence was associated with age (OR
[95% IC] for a 5 year increment 1.40 [1.15—1.71], p = 0.009)
and male sex (age-adjusted OR 1.80 [0.99-3.29],
p = 0.05). Therefore, age and sex were included as cova-
riates in statistical analyses. Carotid plaques tended to be
more prevalent (72% vs. 60%, p = 0.06) in new-onset
T2DM compared to controls, and this difference was
driven by a higher prevalence of plaques at the ICA
segment (p < 0.01), but not at the CCA or bulb. Carotid
plaque burden was higher in new-onset T2DM patients
compared with controls, as the former had more often >3
plaques (age-adjusted OR 2.86 [1.45—5.62]) or at least one
plaque with >2.5 mm height (OR 2.44 [1.25—4.75]), and
also had a higher total carotid and ICA plaque score (sum
of plaque heights) (Table 4). None of the participants had
carotid stenosis >50%.
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Table 1 Subjects’ characteristics.

Control New-onset p value
(n = 99) diabetes
(n = 106)
Variables used to match groups
Female sex 46 (47) 49 (46) 0.9727
Age (years) 63 (55—67) 62 (55—66) 0.7889
Smoking 20/30/50 20/31/49 0.9601
(current/past
|never), (%)
Dyslipidemia 37 (37) 43 (41) 0.6396
Hypertension 54 (55) 57 (54) 0.9117
General clinical and laboratory characteristics
Systolic BP (mm Hg) 127 &+ 16 132 £ 17 0.0406
Diastolic BP (mm Hg) 81 + 9 82 +10 0.2055
Body mass index 273 30.2 <0.0001
(kg/m?) (25.1-31.2)  (27-33.8)
BMI < 25/25—30 24/45/31 7/41/52 0.0004
/>30 kg/m?, (%)
Body fat, (%) 36.1 + 8.7 393 +£75 0.0042
Waist circumference 97.5 + 12.2 104.5 + 12.8 0.0001
(cm)
Total cholesterol 210 + 35 200 + 41 0.0726
(mg/dl)
HDL-cholesterol 56 (48—67) 48 (41-55) <0.0001
(mg/dI)
LDL-cholesterol 130 + 31 122 £33 0.0788
(mg/dl)
Triglycerides 103 (76—132) 131 (89—172) <0.0001
(mg/dl)
Leukocyte count 6.3 (5.4-7.1) 6.8(5.9-8.7) 0.0116
(109/L)
C-reactive protein 0.19 0.35 0.0002
(mg/dl) (0.11-0.35)  (0.16—0.65)
Diabetes related clinical and laboratory characteristics
Hemoglobin A (%) 5.6 (5.5-5.9) 6.7 (6.4—7.3) <0.0001
Hemoglobin Alc 38 (37—-41) 50 (46—56) <0.0001
(mmol/mol; IFCC)
Fasting glucose 98 (91-105) 133 (120—150) <0.0001
(mg/dI)
Insulin (mU/L) 109 15.3 (11-24.3) 0.0002
(7.7-18.3)
C-peptide (ng/mL) 2.1 (1.5-3) 2.6 (2—-3.8) <0.0001
HOMA-IR 2.6 (1.8—4.7) 5.1(3.4-84) <0.0001
(mU/l x mmol/L)/
22.5
Serum creatinine 0.85 + 0.15 0.84 + 0.16 0.7545
(mg/dL)
MDRD4, ml/min 83 +13 84 + 16 0.8439
UACR > 30 mg/gr 8(8) 11 (11) 0.5129

Data are shown as n (percentage), median (Q1—Q3), or
mean + standard deviation.

P-values for group comparisons are reported.

BP: blood pressure; BMI: Body Mass Index; HDL: high density li-
poprotein; LDL: low density lipoprotein; HOMA-IR homeostasis
model assessment of insulin resistance; MDRD: Modification of Diet
in Renal Disease Study equation; UACR: urine albumin to creatinine
ratio.

We also explored whether the new-onset T2DM vs.
control differences in carotid plaque were similar in men
and women. Subgroup analyses by sex showed that new-
onset T2DM women had higher prevalence of carotid
plaque (OR [95% IC], 3.02 [1.22—7.48]), >3 carotid plaques
(4.62 [1.36—15.65]), and ICA plaque (5.47 [1.91-15.66])
than women without diabetes, while no differences in

plaque prevalence between men with and without dia-
betes were observed. Also, the overall prevalence of total
plaques (p = 0.01) and CCA plaques (p = 0.02) was higher
in non-diabetic men compared with non-diabetic women,
while no sex differences were found within the new-onset
T2DM group (Fig. 1).

Factors explaining group (new-onset T2DM vs. control)
differences in carotid atherosclerosis (supplementary
table)

Factors contributing to differences in atherosclerosis be-
tween individuals with and without diabetes were inves-
tigated (see methods). In multiple linear (for IMT) or
logistic (for plaque variables) regression models, we found
that HbA1lc, and triglycerides and/or HDL-cholesterol were
the variables (among those that were different between
groups) associated with carotid atherosclerosis. Specif-
ically (Model 4 Supplementary Table), age, HbAlc, sex,
HDL-cholesterol and LDL-cholesterol; age, sex, and tri-
glycerides; and age, hypertension, and triglycerides were
associated with CCA, BULB, and ICA-IMT, respectively. Age
(OR 1.09 [1.04—1.13] for a 1 year increment), HDL-
cholesterol (0.96 [0.94—0.98] for a 1 mg/dl increment),
and HbA1c (1.36 [1.00—1.86] for a 1% increment), and age
(1.09 [1.03—1.15]), HDLc (0.96 [0.93—0.99]), HbA1c (1.27
[1.00—-1.62]), and triglycerides (1.01 [1.001-1.013] for a
1 mg/dl increment) were associated with carotid plaque
and >3 plaques, respectively. The variable group (new-
onset T2DM vs. control) was not associated with outcome
variables when it was added into this full-adjusted model
(Model 4 Supplementary Table).

Discussion

In this study patients with a new diagnosis of T2DM and
without clinical CVD had more advanced preclinical ca-
rotid atherosclerosis than non-diabetic subjects even after
controlling for traditional CVRF, such as age, sex, hyper-
tension, dyslipidemia, and smoking. The duration of the
prediabetic state and undiagnosed diabetes and the
metabolic abnormalities associated with untreated hy-
perglycemia and insulin resistance might be responsible in
part for these differences. Indeed, HbA1c and, particularly,
variables defining atherogenic dyslipidemia (HDL-choles-
terol, triglycerides, or both), but not BMI, inflammatory
markers, or HOMA-IR, were associated with preclinical
atherosclerosis in regression analyses.

To the best of our knowledge, previous information
regarding carotid plaque prevalence in new-onset T2DM
was limited to a single study [16], in which moderate-to-
severe plaque was found in approximately 30% of newly
diagnosed 61 year-old diabetic Swedish men. In 2013,
while our study was ongoing, prevalence of carotid plaque
was reported to be higher in a large cohort of Chinese
patients with new-onset T2DM than in non-diabetic in-
dividuals, ranging from 31% to 73% in individuals aged 50
to >70 years [17]. More information is available regarding
IMT and IMT progression at and after T2DM diagnosis,



746

M. Catalan et al.

Table 2 Carotid intima-media thickness (IMT) by group (control vs.
new-onset diabetes).

Control (n = 99) New-onset diabetes p-value®

(n = 106)

Median Q1—Q3

Median Q1—Q3

CCA-mean 0.725
CCA-max 0.808
BULB- 0.976
mean
BULB-max 1.193
ICA-mean 0.727
ICA-max 0.876

0.671-0.825 0.801
0.765—0.936 0.907
0.845—1.148 1.028

0.989-1.431 1.261
0.643—0.880 0.802
0.775—1.093 1.011

0.686—0.872 0.0127
0.762—-0.983 0.0266
0.882—1.249 0.1353

1.086—-1.529 0.1003
0.632—1.037 0.0354
0.777—1.348 0.0080

Data are shown as median (Q1—Q3).
CCA, common carotid artery; ICA, internal carotid artery; mean-
values: IMT mean of mean right IMT and mean left IMT carotid
(CCA, BULB, or ICA) segment; max-values: IMT mean of the
maximum right and maximum left IMT (CCA, BULB, or ICA)
segment.

¢ P-values for age-and-sex-adjusted group comparisons.

respectively [15,16,18]. Studies have shown that IMT values
(mainly at CCA) were larger in new-onset T2DM patients
compared with non-diabetic individuals [15,16,18]. We
assessed IMT at different carotid sites and, to ascertain
whether differences between new-onset T2DM and non-
diabetic subjects were due to a higher prevalence of clas-
sical risk factors (which is usually the case for diabetic
population), we not only matched cases and controls for
age and sex [15,16,18], but also for additional factors
associated with preclinical carotid atherosclerosis, i.e.,
hypertension, dyslipidemia, and smoking.

New-onset T2DM is not a benign condition. Significant
morbidity is already present at clinical diagnosis, which
has been estimated to be delayed at least 4—7 years after
diabetes onset [19], with nearly one-half of diabetic pa-
tients being unaware of their condition [20]. Indeed, a
recent report of the large SOUL-D cohort of newly diag-
nosed T2DM patients from different ethnic backgrounds
shows that microvascular complications are not rare at this
stage (26—37% with at least one complication) [21]. At this
moment in the natural history of T2DM, microvascular

evaluation is not based on detection of clinical events:
renal failure (for diabetic kidney damage), loss of vision
(for diabetic retinopathy), or presence of foot ulceration
(for diabetic neuropathy). Rather, we precisely evaluate
microvascular complications by repeated determinations
to detect subtler alterations: urine albumin-to-creatinine
ratio, digital two-field photography of retina, and vibra-
tion perception threshold or monofilament examination
[22]. We have chosen this approach because both prog-
nosis and the intensity of treatment are determined by
these findings. In the SOUL-D study prevalent CVD ranged
from 5% to 13% depending on ethnic background, but
vascular imaging to detect atherosclerosis, the precursor of
clinical disease, was not performed [21].

Albeit CVD is the leading cause of morbidity and mor-
tality in T2DM and prevention is more efficacious at early
stages of the disease [1—4], using imaging techniques to
evaluate preclinical atherosclerosis in order to tailor
intervention to findings is not customary in this high-risk
group. Moreover, it is still common clinical practice to rely
mainly on the duration of the disease to decide whether
patients should be on an intensive multifactorial treatment
strategy, even though at this stage prevention of CVD by
intensive therapy is questionable [4]. It is possible that a
CVD prevention strategy based on age, CVRF, and image
biomarkers, particularly carotid ultrasound, could be use-
ful to better identify individuals at higher risk [23].
Although more research is necessary to identify features of
so-called vulnerable plaques prone to rupture (such as thin
cap fibroatheroma, large lipid core, and neo-
vascularization), information on carotid plaque presence
and burden is useful in the identification of individuals at
risk of future CVD [23,24]. In our study approximately one
third of new-onset T2DM patients were free of carotid
plaque, one third had 1-2 plaques, and one third had >3
plaques. Thus, fully two-thirds of new-onset T2DM pa-
tients are candidates to intensified treatment directed at
CVD risk reduction. On the other hand, IMT measurements
were systematically lower in controls and only 16% of
them had >3 carotid plaques, indicating a younger
vascular age compared with new-onset T2DM. Plaque

Table 3 Carotid intima-media thickness by group (control vs. new-onset diabetes) and sex.

Women (n = 95)

Men (n = 110)

Control (n = 46)

New-onset diabetes (n = 49)

Control (n = 53) New-onset diabetes (n = 57)

CCA-mean 0.701 (0.644—0.783) 0.799 (0.663—0.853)
CCA-max 0.785 (0.712—0.855) 0.904 (0.758—0.959)
BULB-mean 0.883 (0.758—1.107)° 0.981 (0.855—1.153)
BULB-max 1.103 (0.956—1.310)° 1.233 (1.075—1.523)
ICA-mean 0.696 (0.603—0.767)" 0.779 (0.637—1.037)
ICA-max 0.811 (0.725—0.980) 0.998 (0.783—1.321)

0.771 (0.698—0.883)
0.846 (0.796—0.982)
1.065 (0.938—1.200)
1.324 (1.065—1.514)
0.788 (0.673—0.919)
0.927 (0.824—1.187)

0.807 (0.703—0.896)
0.913 (0.775—-1.010)
1.052 (0.908—1.265)
1.291 (1.104—1.533)
0.832 (0.629—1.022)
1.014 (0.777—1.368)

Data are shown as median (Q1—Q3).

p-values for age-adjusted SEX x GROUP interactions for CCA-mean, CCA-max, BULB-mean, BULB-max, ICA-mean, and ICA-max were 0.0277,

0.0165, 0.0425, 0.0366, 0.2398, and 0.1847, respectively.

CCA, common carotid artery; ICA, internal carotid artery; mean-values: IMT mean of mean right IMT and mean left IMT carotid (CCA, BULB, or

ICA) segment; max-values: IMT mean of the maximum right and maximum left IMT (CCA, BULB, or ICA) segment.

3p<0.01 and ®p < 0.05 for age-adjusted differences between women with and without diabetes. No differences (p > 0.3) found between men

with and without diabetes.



Carotid atherosclerosis in new onset diabetes

747

Table 4 Carotid plaque prevalence.

Control New-onset  p value
(n = 99) diabetes
(n = 106)
Carotid plaque 9 (60) 76 (72) 0.0583
Common carotid plaque 3(13) 3(22) 0.1093
Bulb carotid plaque 2 (53) 1 (58) 0.4561
Internal carotid plaque 0 (20) 44 (42) 0.0011
>3 carotid plaques 6(16) 7 (35) 0.0023
Plaque height > 2.5 mm 7(17) 5(33) 0.0093
Plaque score (mm) 3. 43 5. 59 0.0003
(1.73-5.16)  (3.25—7.46)
Internal carotid 2.02 2.56 0.0243
plaque score (mm) (1.73—-2.75) (1.95—-4.67)

Data are shown as n (percentage) and median (Q1—Q3).

P-values for age-and-sex-adjusted group differences are reported.
CCA, common carotid artery; ICA, internal carotid artery; Plaque
score (sum of heights of all plaques).

prevalence was marginally lower (p = 0.06) in controls,
but it was still high (60%), probably because, by definition
of the cohort to match CVRF with the disease group, they
had a high cardiovascular risk profile [25,26] (Table 1).
Male sex is a well-established cardiovascular risk factor
and lifelong risk for CVD is higher in men than in women
[27]. We [28] and others [29] have shown increased IMT
and plaque prevalence in non-diabetic men compared to
non-diabetic women. Diabetes, however, has a different
impact on CVD according to sex. Compared to non-diabetic
populations, diabetes increases CVD risk by 3—4 times in
women but only twice in men [30,31]. Several studies have
compared IMT measurements or plaque prevalence be-
tween men and women with diabetes. However, little in-
formation is available regarding preclinical atherosclerosis
differences when women and men with diabetes are
compared with their non-diabetic counterparts. Our re-
sults show that, similarly to what has been reported for
clinical outcomes, even at this early disease stage women
with diabetes disclose worse preclinical atherosclerosis

> 3 Carotid plaques men+

> 3 Carotid plaques women 4 '
Carotid plaque menq Fe—i
Carotid plaque women 4

ICA plaque men+

ICA plaque women 1

F ¥ 1

0 2 4 6 8 10 12 14 16 18
Odds Ratio

Figure 1 Carotid plaque in patients with new-onset T2DM (vs. con-
trols) by sex. Age-adjusted odds ratios (OR) and 95% confidence in-
tervals (95%CI) for the probability of presenting different carotid plaque
variables in patients with new-onset T2DM (vs. without diabetes)
separate by sex. >3 carotid plaques OR (95% CI) 2.26 (0.97—5.25) and
4,62 (1.36—15.65); total carotid plaque 1.15 (0.49-2.69) and 3.02
(1.22—7.48); and ICA (internal carotid) plaque 1.85 (0.82—4.17) and 5.47
(1.91-15.66), for men and women, respectively. p-values for age-
adjusted SEX x GROUP interactions were p = 0.34, p = 0.13, and
p = 0.11 for reported >3 carotid plaques, total carotid plaque, and ICA
plaque, respectively.

than non-diabetic women, with ORs of 3—4 for several
carotid outcomes. Moreover, preclinical atherosclerosis in
women with new-onset T2DM was similar to that
observed in men with new-onset T2DM, indicating that
the protective effect of sex on CVD may already be lost
when T2DM is diagnosed in women.

In conclusion, as determined by carotid ultrasound,
preclinical atherosclerosis, the soil for cardiovascular
events, is already present in a significant proportion of
newly diagnosed individuals with T2DM, even after con-
trolling for traditional CVRF. At this early stage, HbAlc and
diabetic dyslipidemia explain, at least in part, between-
group differences in preclinical atherosclerosis. We suggest
that, similarly to how new-onset T2DM patients with
microvascular complications are managed, a differential
approach to diabetes management and cardiovascular
prevention should be implemented at diabetes presenta-
tion with the aim of improving prognosis and preventing
clinical CVD. Finally, analogous to what is known for
clinical CVD risk, new-onset T2DM women show preclin-
ical atherosclerosis of a degree that is similar to that found
in diabetic men, but is worse in comparison to their
respective non-diabetic counterparts.
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