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Abstract
AIM
To determine the clinical and dietary predictors of com
mon carotid artery intima media thickness (CCA IMT) in a
cohort of subjects with type 1 and type 2 diabetes.

Institutional review board statement: Ethics approval was
obtained from the University of South Australia Human Research
Ethics Committee.
Informed consent statement: All participants provided written
informed consent.

METHODS
Participants with type 1 (n = 23) and type 2 diabetes
(n = 127) had mean and mean maximum CCA IMT
measured using B mode ultrasound. Dietary intake was
measured using a food frequency questionnaire. Clinical
and dietary predictors of mean and mean maximum
CCA IMT were determined using linear regression analysis
adjusted for potential confounders.
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RESULTS
The main predictors of mean and mean maximum CCA
IMT were age and weight. After multivariate adjustment
there were no dietary predictors of CCA IMT. However,
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lower CCA IMT after 20 years, in a cohort of young
adults, independent of demographic factors, medication
[12]
use and baseline dietary and lifestyle factors . In
addition, epidemiological studies show that a higher
intake of fruit, olive oil, wholegrains and soluble fibre and
lower consumption of saturated fat in favour of polyun
[13]
saturated fat is associated with lower carotid IMT . The
aim of this study is to determine the clinical and dietary
predictors of CCA IMT in a population of adults with type
1 and type 2 diabetes.

in subjects that were not prescribed a lipid lowering
medication alcohol consumption was positively asso
ciated with CCA IMT after multivariate adjustment. No
difference existed in CCA IMT between subjects with
type 1 or type 2 diabetes once age was adjusted for.
CONCLUSION
CCA IMT was predominantly predicted by age and
weight in these subjects with diabetes. The finding that
CCA IMT was not different between people with type 1
and type 2 diabetes warrants further investigation in a
larger cohort.

MATERIALS AND METHODS

Key words: Diabetes; Carotid intima media thickness;
Arterial structure; Diet; Lipidomics; Carotenoids

Study methods

This is a cross-sectional study investigating the predictors
of CCA IMT in subjects with type 1 and type 2 diabetes.
One hundred and fifty subjects were recruited by public
advertisement between August 2012 and December
2013. Subjects eligible for inclusion were adults (age
> 18 years) with diagnosed type 1 or type 2 diabetes
for any duration, managed with diet, oral hypoglycaemic
agents and/or insulin. Subjects were excluded if they
reported having cancer, unstable CVD requiring inter
vention, heart failure, significant renal impairment (eGFR
< 30 mL/min) or liver disease. Ethics approval was
obtained from the University of South Australia Human
Research Ethics Committee and all participants provided
written informed consent. The trial was registered
with the Australian New Zealand Clinical Trials Registry
(ACTRN12612001052820).
Subjects attended the clinic after an overnight fast on
one occasion. Anthropometric measurements and blood
pressure were taken by one operator. A blood sample was
taken and a random spot urine sample was provided.
Ultrasound was used to measure CCA IMT. Participants
completed the online version of the Dietary Questionnaire
for Epidemiological Studies Version 2 Food Frequency
Questionnaire (DQES v2 FFQ) to determine habitual
dietary intake.

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper examines clinical, dietary and
biochemical predictors of common carotid artery intima
media thickness (CCA IMT) in a population of par
ticipants with type 1 and type 2 diabetes. The only
predictors of CCA IMT in this group were age and body
weight. After age adjustment CCA IMT was not different
in subjects with type 1 or type 2 diabetes.
Petersen KS, Keogh JB, Meikle PJ, Garg ML, Clifton PM.
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INTRODUCTION
In 2013, 8.3% of the world’s population had type 1
or type 2 diabetes and the incidence is projected to
[1]
increase by 55% to 8.8% by 2035 . Individuals with
type 1 and type 2 diabetes have two to three times
the risk of developing cardiovascular disease (CVD)
[2-4]
compared to the general population . Dietary intake
is a modifiable risk factor for CVD with epidemiological
studies showing that better diet quality is associated
[5,6]
with a reduced risk of CVD in people with diabetes .
Carotid intima media thickness (IMT) measured
using B mode ultrasound, is an early marker of athero
[7]
[8]
sclerosis and predictor of CVD . Type 1 and type 2
diabetes is associated with greater carotid IMT when
[9,10]
compared to non-diabetic subjects
. In individuals
with type 1 or type 2 diabetes, per 0.1 mm increase in
common carotid artery intima media thickness (CCA
IMT), the hazard ratio for a cardiovascular event is 1.12
[11]
(95%CI: 1.07-1.16) .
Lifestyle factors play a role in the aetiology of carotid
IMT progression; an improvement in dietary (saturated
fat, fibre, potassium, calcium intake) and lifestyle (smok
ing and physical activity) factors was associated with

WJD|www.wjgnet.com

Anthropometric measurements

Height was measured using a stadiometer (SECA, Ham
burg, Germany) to the nearest 0.1 cm while barefoot/flat
footwear. Weight was measured to the nearest 0.05 kg
using calibrated electronic scales (SECA, Hamburg,
Germany) while the participants were barefoot/light
footwear and wearing light clothing.

Blood pressure

Clinic brachial blood pressure was measured using an
automated sphygmomanometer (SureSigns VS3; Philips,
North Ryde, Australia) once the participant had been
seated for 5 min. A normal sleeve (16 cm × 52 cm) was
used for an arm circumference of 24-32 cm and a large
sleeve (16 cm × 70 cm) for an arm circumference of
32-42 cm. A minimum of four consecutive readings were
taken at 1 min intervals. The first reading was discarded
and the following three consistent measurements, i.e.,
systolic blood pressure within a range of 10 mmHg, were
used.
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Common carotid artery intima media thickness

Statistical analysis

Measurements of the carotid artery were taken using B
mode ultra-sound by one operator, with an intra-observer
coefficient of variation (CV) of 4.4% (n = 34). Participants
were supine with their head positioned at 45 degrees
away from the side of the neck being measured. A high
resolution ultrasound machine with a 12 MHz transducer
was used (Samsung Medison MySono U6, South Korea).
A 1 cm region of the IMT on the far wall of the common
carotid artery was measured using automatic edge
detection software (Samsung Medison MySono U6 Auto
IMT, South Korea) as recommended in the Mannheim
Carotid Intima-Media Thickness and Plaque Consensus
[14]
Paper (2004-2006-2011) . Three clips (3 s each) were
captured and the mean of 10 measurements taken from
each of these clips was averaged for a mean and mean
maximum CCA IMT value.

Data are presented as mean ± standard deviation (SD) or
median (interquartile range) depending on the distribution.
Data were checked for normality using Shapiro-Wilk and
Kolmogorov-Smirnov values. Independent samples t tests
were used to determine differences between subjects
with type 1 and type 2 diabetes for continuous variables
2
and χ tests were used for categorical variables. Pearson’s
correlation was used to determine clinical and dietary
predictors of mean and mean maximum CCA IMT. Cli
nical variables that were correlated (P < 0.1) with CCA
IMT were entered into stepwise linear regression (includes
both forwards and backwards selection) to determine
predictors. For inclusion in the model P < 0.05, bivariate
correlations adjusted for age, sex and weight were
used to determine the dietary predictors of CCA IMT.
Serum carotenoids and serum lipid concentrations were
normalised to their respective interquartile ranges to
account for the variation in relative abundance in serum.
P values for the serum lipid species were corrected for
multiple comparisons using the Benjamini Hochberg
[21]
approach . Analysis was performed using SPSS (version
19, 2010, SPSS Inc, Chicago, IL). Statistical significance
was set at P < 0.05.

Laboratory measurements

A fasting blood sample was taken and serum total cho
lesterol, HDL cholesterol, triglycerides, C reactive protein
and glucose were measured using a Konelab 20XTi
automatic analyser (Thermo Electron Corporation, Louisville,
CO, United States) with reagents from Thermo Fisher
Scientific (Melbourne, Australia). Low-density lipoprotein
(LDL) cholesterol was calculated using the Friedewald
formula [total cholesterol - high-density lipoprotein (HDL)
[15]
cholesterol - (triglycerides × 0.45)] . Three subjects
had a triglyceride level > 4.5 mmol/L which precluded
LDL measurement. Serum carotenoids were measured
by high performance liquid chromatography according
[16]
to a previously published protocol . Lipid analysis
was performed by liquid chromatography, electrospray
ionization-tandem mass spectrometry as previously
[17]
published . Briefly, 333 individual lipid species from 25
classes were measured. The median intra assay CV was 8%.
A random spot urine sample was provided by par
ticipants when they attended the clinic. Aliquots of the
urine were taken and frozen at -20 ℃ until analysis of
sodium, potassium, creatinine and albumin was done by SA
Pathology (Frome Rd, Adelaide, Australia), an accredited
commercial laboratory. The albumin to creatinine ratio was
calculated from one spot urine sample to determine the
presence of micro-albuminuria. Micro-albuminuria was
defined as an albumin to creatinine ratio > 2.5 for men
[18]
and > 3.5 for women .

RESULTS
Subjects were 150 free-living people with diagnosed type
1 or type 2 diabetes (Table 1). After adjustment for age
and weight there was no statistically significant difference
between the participants with type 1 or type 2 diabetes
with regards to blood pressure, total cholesterol, LDL
cholesterol, HbA1c or CCA IMT. The subjects with type
2 diabetes did have lower HDL cholesterol (1.1 ± 0.3
mmol/L vs 1.5 ± 0.3 mmol/L; P < 0.001) and higher
triglycerides (1.4 ± 1.2 vs 0.6 ± 0.4; P < 0.05) when
compared to the type 1 subjects. The type 1 subjects
had been diagnosed with diabetes for a longer duration
compared to the participants with type 2 diabetes (19 ±
14 years vs 8 ± 7 years; P = 0.001). Fifty-seven percent
of the cohort was men.
Age was the strongest predictor of mean CCA IMT
(β = 0.006; t = 10.8; P < 0.001) and mean maximum
CCA IMT (β = 0.006; t = 10.5; P < 0.001). Figure 1
shows the correlation between age and mean CCA IMT
by diabetes type. After age adjustment there was no
statistically significant difference between mean (type
1: 0.69 mm; type 2: 0.71 mm; P > 0.05) or mean maxi
mum CCA IMT (type 1: 0.78 mm; type 2: 0.79 mm; P >
0.05) by diabetes type.
In univariate analysis CCA IMT was strongly correlated
with age and weakly correlated with smoking pack years,
body mass index (BMI), systolic blood pressure, HDL
cholesterol and prescription of anti-hypertension and lipid
lowering medication (Table 2). After adjustment for age,
weight was the only other correlate of mean (β = 0.001;
t = 2.4; P = 0.017) and mean maximum CCA IMT (β
= 0.001; t = 2.3; P = 0.02). The correlation between

Haemoglobin A1c

The participants were asked to provide the pathology
report from their most recent haemoglobin A1c (HbA1c)
measurement or the result was sourced from their
general practitioner or the pathology company.

Dietary analysis

Habitual dietary intake was measured using the electronic
[19]
version of the DQES v2 FFQ as previously described .
This FFQ has been validated in a population with type 1
[20]
and type 2 diabetes .
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Table 1 Cohort characteristics
Characteristic
Age (yr)
Weight (kg)
Height (m)
BMI (kg/m2)
Sex, male n (%)
Diagnosed with diabetes (yr)
Smoking status n (%)
Never smoked
Past smoker
Current smoker
Smoking pack years2 (yr)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Mean arterial pressure (mmHg)
Heart rate (bpm)
Pulse pressure (mmHg)
Mean CCA IMT (mm)
Mean maximum CCA IMT (mm)
Prescribed anti-hypertensive medication n (%)
Prescribed lipid lowering medication n (%)
Diabetes treatment n (%)
None
OHA
Insulin
OHA + insulin
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Triglycerides (mmol/L)
Glucose (mmol/L)
HbA1c (%) (mmol/mol)
CRP (mg/L)
Presence of Microalbuminuria n (%)3
Yes
No
Spot urine Na:K

Whole cohort (n = 150)

Type 1 diabetes (n = 23)

Type 2 diabetes (n = 127)

56 ± 14
96.9 ± 21.4
1.7 ± 0.1
33.1 ± 7.0
86 (57)
9.7 ± 9.3

36 ± 14
85.6 ± 25.2
1.71 ± 0.1
29.4 ± 9.3
9 (39)
19.1 ± 14.2

60 ± 11
98.9 ± 20.0
1.71 ± 0.1
33.8 ± 6.3
77 (61)
8.1 ± 6.9

74 (49)
68 (46)
8 (5)
9.6 ± 15.6
127 ± 14
72 ± 10
90 ± 10
74 ± 13
56 ± 13
0.71 ± 0.13
0.79 ± 0.14
85 (57)
82 (55)

15 (65)
7 (31)
1 (4)
1.7 ± 4.4
124 ± 14
69 ± 9
87 ± 8
77 ± 10
54 ± 15
0.58 ± 0.12
0.66 ± 0.13
7 (30)
4 (17)

59 (47)
61 (48)
7 (5)
11.0 ± 16.5
128 ± 14
72 ± 10
91 ± 10
73 ± 13
56 ± 13
0.73 ± 0.11
0.81 ± 0.12
78 (61)
78 (61)

30 (20.0)
65 (43.3)
26 (17.3)
29 (19.3)
4.1 ± 1.0
1.2 ± 0.4
2.4 ± 0.9
1.3 ± 1.2
8.1 ± 3.0
7.3 ± 1.4 (57 ± 16)
2.5 ± 2.2

0 (0)
0 (0)
23 (100)
0 (0)
4.1 ± 1.0
1.5 ± 0.3
2.4 ± 0.9
0.6 ± 0.4
10.1 ± 4.0
7.6 ± 1.1 (60 ± 12)
1.6 ± 1.9

30 (24)
65 (51)
3 (2)
29 (23)
4.1 ± 1.0
1.1 ± 0.3
2.4 ± 0.9
1.4 ± 1.2
7.7 ± 2.6
7.3 ± 1.5 (56 ± 16)
2.6 ± 2.3

23 (15)
127 (85)
1.3 ± 0.9

3 (13)
20 (87)
1.4 ± 0.9

20 (16)
107 (84)
1.3 ± 0.9

P value1
0.0001
0.006
0.90
0.005
0.06
0.001
0.25

0.008
0.15
0.18
0.10
0.21
0.60
< 0.001
< 0.001
0.006
< 0.001
< 0.001

0.99
< 0.001
0.97
0.003
< 0.001
0.27
0.15
0.74
0.62

1

Type 1 diabetes vs type 2 diabetes; 2Number packs (25 cigarettes)/day × number years smoked; 3Albumin:creatinine > 2.5 for men and > 3.5 for women[18].
OHA: Oral hypoglycaemic agents; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CRP: C reactive protein; HbA1c: Haemoglobin A1c; CCA
IMT: Common carotid artery intima media thickness.

weight and CCA IMT was independent of sex. The
2
summarised r values for the mean and mean maximum
CCA IMT models (including age and weight) were 0.46
and 0.44, respectively.
When participants prescribed an anti-hypertensive
medication were excluded from the analysis, age and
weight remained independent predictors of mean and
2
mean maximum CCA IMT and the summarised r
values were 0.55 and 0.53, respectively (n = 65). When
participants that were prescribed a lipid lowering medi
cation were removed from the analysis, univariate
analysis (n = 68) showed that age (r = 0.70; P = 0.001),
diabetes type (r = 0.44; P = 0.001), smoking pack years
(r = 0.25; P = 0.04), systolic blood pressure (r = 0.43;
P = 0.001), pulse pressure (r = 0.33; P = 0.007) and
prescription of anti-hypertensive medication (r = -0.39;
P = 0.001) were correlated with mean CCA IMT. In a
stepwise model age (β = 0.005; t = 6.8; P = 0.001)
and systolic blood pressure (β = 0.002; t = 2.4; P =
0.02) were the only predictors of mean CCA IMT. The
2
summarised r value for the model was 0.51.

WJD|www.wjgnet.com

Median macronutrient intake for the cohort was 21%,
37%, 14% and 40%, respectively for protein, total fat,
saturated fat and carbohydrate (Table 3). Dietary intake
by food group is presented in Table 4. After adjustment
for age, sex and weight there were no dietary predictors
of mean or mean maximum CCA IMT, see Tables 3 and 4.
When weight was removed from the model there were
still no dietary predictors.
Subgroup analysis showed that in those subjects that
were not prescribed a lipid lowering medication (n = 68)
alcohol consumption was associated with mean (β =
0002; t = 2.5; P = 0.02) and mean maximum (β = 0.002;
t = 2.4; P = 0.02) CCA IMT after multivariate adjustment
for predictors (age, sex and systolic blood pressure).
There were no other dietary predictors of CCA IMT
identified in the subjects not prescribed a lipid lowering
medication. Subgroup analysis including only subjects
that were not prescribed an anti-hypertensive medication
(n = 65) showed no dietary predictors of CCA IMT after
multivariate adjustment.
The spot urine sodium to potassium ratio was not
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Table 2 Predictors of mean and mean maximum common carotid artery intima media thickness in univariate analysis and stepwise
linear regression
Predictor

Mean CCA IMT Mean maximum CCA IMT

r
Age
Sex
Type of diabetes
Years since diabetes diagnosis
Smoking pack years
Weight
BMI
Systolic blood pressure
Diastolic blood pressure
Heart rate
Pulse pressure
Anti-hypertension medication prescription
Lipid lowering medication prescription
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Fasting glucose
HbA1c
Microalbuminuria
Summarised r2 model

r

0.661
-0.13
0.431
0.08
0.192
0.163
0.182
0.261
-0.01
-0.241
0.291
-0.341
-0.301
-0.001
-0.007
-0.182
0.13
0.03
-0.04
0.153

0.651
-0.143
0.411
0.09
0.192
0.163
0.182
0.271
-0.006
-0.231
0.291
-0.321
-0.301
-0.001
-0.02
-0.172
0.143
0.03
-0.04
0.153

Mean CCA IMT

Mean maximum CCA IMT

β

t

P

0.006
0.001
0.46

10.8

0.0001

2.4

0.017

β

t

0.006
0.001
0.44

10.5

0.001

P

2.3

0.02

1

P < 0.01; 2P < 0.05; 3P < 0.1. HDL: High-density lipoprotein; LDL: Low-density lipoprotein; CRP: C reactive protein; HbA1c: Haemoglobin A1c; CCA IMT:
Common carotid artery intima media thickness; BMI: Body mass index.

showed no differential effect for the association between
CCA IMT and serum carotenoids, lipid species and the
spot urine sodium to potassium ratio.
1.00

Mean CCA IMT (mm)

DISCUSSION
In this cohort of well-controlled subjects with type 1 and
type 2 diabetes the main predictors of mean CCA IMT
were age and weight explaining 46% of the variance
in the model. After adjustment for age, sex and weight
there were no dietary predictors of mean or mean ma
ximum CCA IMT. However, in subjects that were not pre
scribed a lipid lowering medication alcohol consumption
was positively associated with CCA IMT after multivariate
adjustment. There was no correlation between serum
lipid species or carotenoids and CCA IMT. It was found
that after adjustment for age CCA IMT was not different
between people with type 1 and type 2 diabetes.
In this population, age was the strongest predictor
of CCA IMT. Age is well established as a predictor of CCA
[10,22]
[23]
IMT in subjects with type 1
and type 2 diabetes .
In addition, weight was a positive predictor of CCA IMT in
this study, independent of sex, and has been previously
associated with CCA IMT in cohorts with and without
[24,25]
diabetes
. Univariate analysis showed male sex was
non-significantly associated with greater mean (P = 0.12)
and mean maximum (P = 0.089) CCA IMT. Previously it
has been shown that male sex is associated with greater
[23,24]
CCA IMT in people with diabetes
. Univariate analysis
showed that smoking pack years was weakly positively
associated with mean and mean maximum CCA IMT but
this correlation did not persist after adjustment for age
and weight. This is likely to be because less than half of

0.80

0.60
Type of diabetes
Type 1 diabetes
Type 2 diabetes

r 2 liner = 0.437

0.40
20

40

60

80

Age (yr)

Figure 1 The correlation between age and mean common carotid artery
intima media thickness by diabetes type. CCA IMT: Common carotid artery
intima media thickness.

associated with mean or mean maximum CCA IMT. No
association existed between mean or mean maximum
CCA IMT and total serum carotenoids, β-cryptoxanthin,
lutein, zeaxanthin, lycopene, α-carotene or β-carotene.
There was no correlation between lipid species, expressed
as concentration normalised to the interquartile range and
mean or mean maximum CCA IMT, after adjustment for
predictors and multiple comparisons. Subgroup analysis
by anti-hypertensive and lipid lowering prescription

WJD|www.wjgnet.com
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Table 3 Nutrient intake as reported in the food frequency questionnaire and the correlation with common carotid artery intima
media thickness
Nutrient intake

Median (IQR)

Energy (kcal)
Protein (g/d)
% E protein
Total fat (g/d)
% E total fat
Saturated fat (g/d)
% E saturated fat
Monounsaturated fat (g/d)
% E monounsaturated fat
Polyunsaturated fat (g/d)
% E polyunsaturated fat
Carbohydrate (g/d)
% E carbohydrate
Sugar (g/d)
Fibre (g/d)
Sodium (mg/d)
Potassium (mg/d)
Alcohol (g/d)

1652 (1343, 2165)
88 (66,112)
21 (18, 23)
66 (52, 92)
37 (33, 40)
25 (19, 35)
14 (12, 16)
24 (18, 33)
13 (12, 15)
11 (8, 14)
6 (5, 7)
160 (134, 216)
40 (36, 44)
74 (56, 94)
20 (16, 26)
2177 (1696, 2957)
2771 (2128, 3403)
2 (0, 8)

Mean CCA IMT
3
Univariate
Adjusted

Mean maximum CCA IMT
3
Univariate
Adjusted

r

r

r

r

-0.162
-0.181
0.022
-0.181
-0.142
-0.161
-0.152
-0.181
0.192
-0.142
0.032
-0.132
0.042
-0.012
-0.122
-0.162
-0.072
0.062

-0.042
-0.022
0.102
-0.072
-0.132
-0.072
-0.142
-0.072
-0.092
-0.062
-0.022
-0.062
-0.062
0.032
-0.042
-0.062
0.032
0.112

-0.152
-0.171
0.032
-0.181
-0.162
-0.171
-0.161
-0.181
-0.132
-0.132
0.032
-0.132
0.042
-0.012
-0.122
-0.152
-0.062
0.072

-0.052
-0.022
0.112
-0.082
-0.152
-0.092
-0.162
-0.082
-0.112
-0.052
-0.022
-0.062
-0.062
-0.032
-0.052
-0.062
0.042
0.112

1

P < 0.05; 2P > 0.05; 3Adjusted for age, sex and weight. CCA IMT: Common carotid artery intima media thickness.

Table 4 Dietary intake by food group as reported in the food frequency questionnaire and the correlations with common carotid
artery intima media thickness
Dietary intake

Total breads and cereals
Breakfast cereal
Bread
Pasta/rice
Total vegetables/legumes
Vegetables
Legumes
Total fruit
Fresh/canned fruit
Juice
Total dairy
Reduced fat dairy
Full fat dairy
Total meats and alternatives
Red meat
Processed meat
Chicken
Fish
Tofu
Nuts
Eggs
Total extra foods5

g/d median (IQR)

204 (141, 320)
18 (3, 45)
60 (30, 90)
59 (32, 109)
151 (112, 217)
140 (103, 206)
7 (3, 13)
239 (120, 340)
187 (99, 282)
6 (0, 41)
381 (232, 501)
277 (44, 446)
9 (2, 22)
169 (105, 217)
56 (31, 106)
19 (8, 32)
34 (19, 51)
29 (15, 49)
0 (0, 1)
4 (1, 10)
13 (10, 34)
126 (66, 236)

Mean CCA IMT
4
Univariate
Adjusted

Mean maximum CCA IMT
4
Univariate
Adjusted

r

r

r

r

-0.202
-0.182
0.063
-0.281
0.063
0.063
-0.023
0.133
0.192
-0.083
0.033
0.083
-0.063
-0.153
-0.212
0.013
-0.163
-0.013
-0.103
-0.172
0.073
0.033

-0.073
-0.183
-0.083
0.013
0.103
0.113
-0.073
0.113
0.163
-0.073
0.063
0.083
-0.033
-0.013
-0.043
0.023
0.033
0.043
-0.063
-0.013
-0.043
0.073

-0.182
-0.192
0.063
-0.271
0.063
0.063
-0.023
0.133
0.182
-0.093
0.043
0.103
-0.073
-0.153
-0.202
0.013
-0.153
0.013
-0.093
-0.172
0.063
0.043

-0.053
-0.203
-0.073
0.013
0.093
0.103
-0.063
0.103
0.153
-0.073
0.073
0.113
-0.053
-0.013
-0.043
0.013
0.043
0.043
-0.043
-0.023
-0.053
0.083

1

P < 0.01; 2P < 0.05; 3P > 0.05; 4Adjusted for age, sex and weight; 5Takeaways, sweets, savoury snacks and alcoholic beverages. CCA IMT: Common carotid
artery intima media thickness.

the cohort had ever smoked and only 5% were current
smokers.
Blood pressure, lipids, presence of micro-albuminuria
and glycaemic control were not correlated with CCA
IMT after age was adjusted for. When subjects that
were prescribed a lipid lowering medication were re
moved from the analysis systolic blood pressure did
independently predict CCA IMT. Therefore we may
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not have detected associations between CCA IMT and
blood pressure, lipids, presence of micro-albuminuria
and glycaemic control because over 50% of the cohort
were prescribed lipid lowering and anti-hypertensive
medications and the participants were well controlled in
terms of blood pressure, lipid and glucose levels. In this
cohort recommendations for blood pressure (< 140/85
mmHg), LDL cholesterol (< 2.5 mmol/L), triglycerides
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(< 2.2 mmol/L) and HDL cholesterol (> 1 mmol/L) as
defined by the 2013 European Society of Cardiology/
European Association for the Study of Diabetes Guide
lines on Diabetes, Pre-diabetes and Cardiovascular
[26]
Disease were met . In our cohort mean CCA IMT was
lower than what has been observed in other populations
with diabetes of a similar age. In a meta-analysis
involving 4420 individuals with type 1 or type 2 diabetes
the mean CCA IMT was 0.79 ± 0.19 mm (mean age 61;
IQR = 36-76 years) compared to 0.71 ± 0.13 mm in our
[11]
cohort (mean age 56 ± 14 years) .
The lack of an association between HbA1c and CCA
IMT in the present study may be explained by the mean
HbA1c (7.3% ± 1.4%) which is lower than what has
been reported in studies that have shown a relationship
[27]
between carotid IMT and HbA1c. Kinouchi et al found
HbA1c was associated with maximum carotid IMT in a
Japanese cohort with type 2 diabetes (n = 167) with a
[28]
mean HbA1c of 8.3% ± 2.3%. Similarly, Shah et al
showed a positive relationship between HbA1c and CCA
IMT in a cohort of youth with type 2 diabetes (n = 129)
with a baseline mean HbA1c of 8.6% ± 3.3%. In the
SEARCH CVD study in youth with type 1 diabetes BMI
z score was the only modifiable risk factor related to
[29]
carotid IMT .
This study shows that CCA IMT values measured at
one time-point are not different between subjects with
type 1 and type 2 diabetes, once age is adjusted for,
despite the subjects with type 2 diabetes being more
metabolically at risk due to higher weight, BMI and
triglycerides and lower HDL cholesterol. In contrast to
our finding, in a cohort of subjects with newly diagnosed
type 1 or type 2 diabetes (type 1: 33 ± 24 d since
diagnosis; type 2: 36 ± 21 d since diagnosis) aged 14
to 30 years (mean age type 1: 21 ± 5 years; type 2: 22
± 5 years) CCA IMT was significantly greater in those
[30]
with type 2 diabetes . It is likely that the subjects with
[30]
type 2 diabetes in the study by Gu et al had lived with
metabolic abnormalities for many years in contrast with
the type 1 subjects. In the context of the current study,
[30]
the finding of the study by Gu et al suggests that the
duration of type 1 diabetes contributes to carotid IMT.
This is supported by a study showing that in subjects
with type 1 diabetes, for a mean of 5.5 years, carotid IMT
[31]
was comparable to healthy subjects 10 years older .
Previous research shows carotid IMT progression is
[32]
similar in people with type 1 (0.036 mm/year)
and
[33]
type 2 diabetes (0.04 mm/year)
and significantly
greater than the rate of progression observed in non[34]
diabetic people (0.0147 mm/year) .
Type 1 and type 2 diabetes are perceived to be
different diseases but the risk factors for CVD in both
types of diabetes are similar and include insulin resistance,
[35]
obesity, inflammation, and renal disease . In addition,
the burden of CVD is comparable in people with type
[3]
[4]
1 and type 2 diabetes . Lind et al showed that even
when people with type 1 diabetes achieve a HbA1c
of less than 6.9% (52 mmol/mol) the hazard ratio for
death from a cardiovascular cause is 2.92 (95%CI:
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2.07-4.13) compared to age and sex matched people
without diabetes. In summary, it was found that CCA IMT
was not different between people with type 1 and type
2 diabetes once age was accounted for, but it must be
acknowledged that a small number (n = 23) of people
with type 1 diabetes were included in the study. In the
future this finding needs to be investigated in a larger
cohort of age matched people with type 1 and type 2
diabetes; ideally a healthy control group would be included
to determine whether age has a differential effect in
people with diabetes.
In this cohort we observed no association between
dietary intake and CCA IMT once age, weight and sex
were adjusted for. Subgroup analysis showed that in
those that were not prescribed a lipid lowering medication
alcohol consumption was positively associated with CCA
IMT after multivariate adjustment. Alcohol consumption
has been previously shown to correlate with CCA IMT in
a healthy Korean population such that in men an inverse
relationship was observed but this was attenuated to
non-significance after adjustment for lipids; in women
a positive association between alcohol consumption and
[36]
CCA IMT was observed . The Cardiovascular Risk in
Young Finns study also showed a positive association
[37]
between alcohol intake and CCA IMT .
Previous observational studies, with a similar sample
size to the present study, conducted in populations with
[38,39]
type 2 diabetes
have shown that greater fruit con
sumption is associated with lower carotid IMT (n = 255)
and an inverse association between plasma vitamin C
concentration and CCA IMT has been shown in individuals
[40]
[41]
with type 1 diabetes (n = 59) . Curtis et al conducted
a 1 year randomised controlled trial in post-menopausal
women (n = 93) with type 2 diabetes and found that
supplementation with 27 g/d of flavonoid-enriched cho
colate did not change CCA IMT progression compared
to the placebo. A recent meta-analysis of randomised
controlled trials showed that lifestyle modification can
[42]
slow carotid IMT progression .
Studies investigating the relationship between carotid
IMT and carotenoids including α-carotene, β-carotene,
lutein, zeathanin and β-cryptoxanthin have yielded mixed
[43]
results , although there is evidence suggesting an
inverse association exists between lycopene and carotid
[44]
IMT . A recent trial showed that supplementation with
lutein (20 mg/d) and lycopene (20 mg/d) reduced CCA
IMT progression after 12 mo compared with the placebo
[45]
treatment in a healthy Chinese population (n = 144) .
The authors are not aware of any studies reporting on
the relationship between carotenoids and carotid IMT in
people with diabetes.
In this analysis there was no association between
serum lipid species and CCA IMT. A previous study
showed that there was an inverse association between
CCA IMT and lysophosphatidylcholine (LPC) 16:0 after
[46]
adjustment for age and sex (r = -0.13; P = 0.01) .
This study also showed that LPC 16:0 and LPC 20:4 were
negatively associated with the development of CVD after
12 years of follow-up (LPC 16:0: OR = 0.79; P = 0.028;
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LPC 20:4; OR = 0.77; P = 0.024 per standard deviation
[46]
increase) . Lipid profiling has been shown to discriminate
between unstable and stable coronary artery disease
(CAD) and it has been suggested that changes in plasma
[17]
lipids precede the development of plaque instability .
Lipidomic analysis can predict the burden of non-calcified
coronary artery plaque in asymptomatic patients at
[47]
[47]
intermediate risk of CAD . In the study by Ellims et al
CCA IMT was not associated with coronary artery plaque
burden, although CCA IMT is only weakly correlated with
[48]
CAD assessed by quantitative coronary angiography ,
despite carotid IMT being correlated with coronary IMT,
[49]
measured using intravascular ultrasound . Therefore
we may not have observed a relationship between CCA
IMT and serum lipid species because lipid species are
associated with more advanced disease progression.
Limitations of this analysis include the cross-sectional
design, small sample size and the use of a FFQ to mea
sure dietary intake, although serum carotenoids were
measured as biological markers of vegetable intake. In
addition, only CCA IMT was measured and a different
result may have been observed if internal carotid artery
IMT or bifurcation IMT had been measured as these
[50]
components are more strongly associated with CAD .
Another limitation of this study is that dietary habits
were only measured at one point in time and may not
be reflective of lifetime exposure, whereas CCA IMT is
determined by lifetime exposure, and it is possible that
dietary habits or reporting of dietary habits was altered
by a range of factors including diabetes diagnosis. The
dietary predictors of carotid IMT need to be investigated
in a larger cohort as this study may have lacked the
required statistical power to detect an effect. Especially
since more than half of the cohort was prescribed a lipid
lowering or anti-hypertensive medication and this may
obscure the relationship between dietary intake and CCA
IMT. Power analysis shows that with 120 participants an
r value of 0.178 (P < 0.05) or 3% of the variance can be
detected so major effects should have been found.
In conclusion, in this cohort of well-controlled in
dividuals with type 1 and type 2 diabetes the strongest
predictors of CCA IMT were age and weight, which
accounted for 46% of the variance in the model. After
multivariate adjustment there were no dietary predictors
of mean or mean maximum CCA IMT. However, in sub
jects that were not prescribed a lipid lowering medica
tion alcohol consumption was positively associated with
CCA IMT after multivariate adjustment. There was no
correlation between serum lipid species or carotenoids
and CCA IMT. There was no difference in mean or mean
maximum CCA IMT between subjects with type 1 and
type 2 diabetes once age was accounted for but this
finding needs to be investigated further.
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