Diabetologia (2013) 56:1494–1502
DOI 10.1007/s00125-013-2898-9

ARTICLE

Common carotid intima-media thickness does not add
to Framingham risk score in individuals with diabetes
mellitus: the USE-IMT initiative
H. M. den Ruijter & S. A. E. Peters & K. A. Groenewegen & T. J. Anderson &
A. R. Britton & J. M. Dekker & G. Engström & M. J. Eijkemans & G. W. Evans &
J. de Graaf & D. E. Grobbee & B. Hedblad & A. Hofman & S. Holewijn & A. Ikeda &
M. Kavousi & K. Kitagawa & A. Kitamura & H. Koffijberg & M. A. Ikram & E. M. Lonn &
M. W. Lorenz & E. B. Mathiesen & G. Nijpels & S. Okazaki & D. H. O’Leary & J. F. Polak &
J. F. Price & C. Robertson & C. M. Rembold & M. Rosvall & T. Rundek & J. T. Salonen &
M. Sitzer & C. D. A. Stehouwer & J. C. Witteman & K. G. Moons & M. L. Bots

Received: 18 December 2012 / Accepted: 8 March 2013 / Published online: 9 April 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract
Aims/hypothesis The aim of this work was to investigate
whether measurement of the mean common carotid intimamedia thickness (CIMT) improves cardiovascular risk prediction in individuals with diabetes.

Methods We performed a subanalysis among 4,220 individuals with diabetes in a large ongoing individual participant
data meta-analysis involving 56,194 subjects from 17
population-based cohorts worldwide. We first refitted the
risk factors of the Framingham heart risk score on the
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individuals without previous cardiovascular disease (baseline model) and then expanded this model with the mean
common CIMT (CIMT model). The absolute 10 year risk
for developing a myocardial infarction or stroke was estimated from both models. In individuals with diabetes we
compared discrimination and calibration of the two models.
Reclassification of individuals with diabetes was based on
allocation to another cardiovascular risk category when
mean common CIMT was added.
Results During a median follow-up of 8.7 years, 684 firsttime cardiovascular events occurred among the population
with diabetes. The C statistic was 0.67 for the Framingham
model and 0.68 for the CIMT model. The absolute 10 year
risk for developing a myocardial infarction or stroke was
16% in both models. There was no net reclassification
improvement with the addition of mean common CIMT
(1.7%; 95% CI −1.8, 3.8). There were no differences in
the results between men and women.
Conclusions/interpretation There is no improvement in risk
prediction in individuals with diabetes when measurement
of the mean common CIMT is added to the Framingham risk
score. Therefore, this measurement is not recommended for
improving individual cardiovascular risk stratification in
individuals with diabetes.
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Diabetes mellitus has long been recognised as a cardiovascular risk factor. Individuals with diabetes are at increased
risk of cardiovascular morbidity and mortality as their risk is
twofold higher than that of individuals with normal glucose
metabolism [1, 2]. Guidelines for the management of diabetes advocate assessing the absolute risk of developing cardiovascular disease (CVD) to guide the initiation of
appropriate treatment in those at high risk [3–5]. Over past
decades many prediction models (or risk scores) have been
developed to predict the risk for CVD, of which only a small
number have been specifically developed for individuals
with diabetes [6]. Some recommend using the Framingham
risk score, which includes diabetes as a risk factor; others
recommend the Diabetes Epidemiology: Collaborative
Analysis of Diagnostic Criteria in Europe (DECODE) risk,
which includes a plasma glucose measure, or the United
Kingdom Prospective Diabetes Study (UKPDS), which
incorporates the duration of diabetes. A recent report
reviewed the majority of cardiovascular risk prediction
models used in individuals with diabetes with respect to
performance, validation and impact [7]. Only a minority of
these risk prediction models have been validated and tested
for their predictive accuracy. The Framingham risk
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prediction model is the only risk score to have been studied
for its effect on patients’ management and on CVD [7, 8].
Since individuals with diabetes have an accelerated development of atherosclerosis, improvement in risk prediction may be established by including a measure of
preclinical atherosclerosis. Measurement of carotid intimamedia thickness (CIMT) has been proposed to be added to
cardiovascular risk factors to improve individual risk assessment [9, 10]. Thus far, the value of CIMT measurements in
cardiovascular risk prediction has primarily been studied in
the general population and not in specific high-risk groups,
such as individuals with diabetes. We therefore assessed
whether measurement of mean common CIMT, on top of
the Framingham risk score, improves cardiovascular risk
prediction in individuals with diabetes by using the USEIMT. The USE-IMT collaboration is an ongoing global
individual participant data meta-analysis project, based on
prospective cohort studies, set up to determine the added
value of the CIMT to current risk prediction models in
individuals without pre-existing CVD [11]. In this analysis
we determined the added value of the mean common CIMT
as this measurement is referred to in guidelines and may be
the most feasible in clinical practice.

Methods
Study population and design USE-IMT is an ongoing individual participant data meta-analysis of which the selection
of cohorts has been described in detail elsewhere [11]. In
short, eligible cohorts were identified through literature
searches of databases and through expert suggestion. Sixteen cohorts were included in the current analyses; these
cohorts were required to have available baseline data on age,
sex, cigarette smoking status, antihypertensive medication
use, blood pressure, cholesterol fractions, CIMT measurements, history of CVD, diabetes status and follow-up information on occurrence of CVD. Individual data from cohorts
were collected and harmonised for the statistical analyses
using SPSS version 17 (SPSS Inc, Chicago, IL, USA).
We then selected 56,194 individuals (out of 74,937) with
information on mean common CIMT to whom the risk
scores apply (i.e. individuals aged 45–75 years with systolic
blood pressure of <180 mmHg, a total cholesterol level of
<8 mmol/l and who were free from previous symptomatic
cardiovascular disease) [12, 13]. Incomplete data on mean
common CIMT, cardiovascular risk factors and (time to)
events (approximately 12% of total values), were imputed
for each cohort separately (single imputation in the multivariate imputation by chained equations [MICE] package of
R statistical software, version 2.10.0, Vienna, Austria). Predictors in our imputation model included all variables in our
database, including the outcome of interest [14].
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Diabetes, mean common CIMT and events Diabetes status
was known in all cohorts included in this analysis. The total
number of individuals with diabetes mellitus in USE-IMT
was 4,220. The definition of diabetes mellitus varied by
cohort and is shown in Table 1.
Average mean common CIMT was calculated for each
individual using the maximum set of carotid angles, near
and/or far wall measurements and left and/or right side
measurements, that were assessed within each cohort. Information on the CIMT methodology used in each study is
displayed in electronic supplementary material (ESM) Table 1.
Plaques and CIMT measurements from other locations than
the common carotid segment were not considered in this
analysis. However, when a plaque was present in the common
carotid segment at the place where the CIMT measurements
were taken it was included in the CIMT measurement and in
the analysis. Time to first fatal or non-fatal myocardial infarction or stroke was used as a primary endpoint in this analysis.
Statistical analysis The original variables of the Framingham risk score (age, sex, cigarette smoking status, blood
pressure, antihypertensive medication use, total cholesterol,
high-density-lipoprotein cholesterol and presence of diabetes)
[8] were refit on the complete USE-IMT cohort using a
multivariable Cox proportional-hazards model. Subsequently,
this baseline model was then extended with the mean common
CIMT variable as described previously [11].
The discriminative value of both models was expressed
with Harrell’s c-index [15]. The 10 year absolute risk to
develop a first-time myocardial infarction or stroke was
calculated from the model with and without mean common
CIMT.
Individuals with diabetes were selected and their predicted risks (with either the baseline model or the CIMT
model) were used to classify them into a risk category. The
following cut-offs were used: <5% (low risk), ≥5 to <10%
(low-to-intermediate risk), ≥10 to <20% (intermediate-tohigh risk) or ≥20% (high risk).
For individuals with diabetes, the net reclassification
improvement (NRI), which takes survival time into account
[16], was calculated using the percentage of correct movement across categories for those with and without events.
Correct movement is upward classification by a new marker
in those with events and downward classification for those
without events. In addition, we assessed improvement without cut-off by risk categories using the integrated discrimination improvement, which can be seen as equal to
differences in discrimination slopes [17] and expressed the
relative integrated discrimination improvement (rIDI). This
rIDI represents the increase in discrimination slopes divided
by the slope of the old model [18].
Since the Atherosclerosis Risk in Communities (ARIC)
study concerned a large proportion of individuals with
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Table 1 Cohorts included in the present analysis and criteria used for diagnosis of diabetes mellitus in each cohort
Cohort

Country

Mean CIMT
(SD)

No. of subjects
with diabetes
(% of total in USE-IMT)

Diagnosis of diabetes

Atherosclerosis Risk
in Communities [28]

USA

0.71 (0.17)

1,530 (36)

Carotid Atherosclerosis
Progression Study [29]
Cardiovascular
Health Study [30]

Germany

0.81 (0.16)

103 (2)

Self-reported physician’s diagnosis, use of
hypoglycaemic medication, non-fasting
glucose greater than 11.1 mmol/l, or
fasting (8 h) glucose ≥7.0 mmol/l
Self-reported

USA

0.91 (0.20)

410 (10)

Malmö Diet and
Cancer Study [31]

Sweden

0.82 (0.20)

356 (8)

Tromsø Study [32]
Multi-Ethnic Study of
Atherosclerosis [33]
Kuopio Ischaemic
Heart Disease Risk
Factor Study [34]
Edinburgh Artery Study [35]

Norway
USA

0.87 (0.18)
0.81 (0.17)

109 (3)
713 (17)

Finland

0.85 (0.22)

30 (1)

UK

0.68 (0.29)

14 (1)

The Firefighters and Their
Endothelium Study [36]

Canada

0.80 (0.22)

38 (3)

Charlottesville Study [37]
Northern Manhattan Study [38]

USA
USA

0.94 (0.20)
0.72 (0.09)

23 (1)
158 (4)

The Hoorn Study [39]

NL

0.88 (0.14)

45 (1)

The Rotterdam Study [40]

NL

0.83 (0.14)

103 (2)

Osaka Follow-Up Study
for Carotid Atherosclerosis
2 [41]
Whitehall II [42]

Japan

0.95 (0.33)

50 (1)

UK

0.82 (0.17)

480 (11)

The Nijmegen Biomedical
Study 2 [43]

NL

0.88 (0.10)

58 (1)

Fasting glucose ≥7.0 mmol/l or casual
glucose ≥11.0 mmol/l, or using
hypoglycaemic medication
Self-reported physician’s diagnosis,
use of hypoglycaemic medication
or fasting glucose of ≥7.0 mmol/l
Self-reported
Fasting glucose ≥7.0 mmol/l or using
hypoglycaemic medication
Glucose ≥6 mmol/l or clinical diagnosis
of diabetes with use of hypoglycaemic
medication treatment
Self-reported clinical diagnosis or a
fasting glucose >7.0 mmol/l or
glucose-lowering therapy
Fasting glucose ≥7.0 mmol/l, self-report
of diabetes, or use of hypoglycaemic
medication
Clinical diagnosis of diabetes
Self-report, use hypoglycaemic medication,
or fasting glucose ≥7.0 mmol/l
Use of glucose-lowering drug or
based on OGTT
Non-fasting glucose level >11.0 mmol/l
and/or use of hypoglycaemic medication
Fasting glucose ≥7.0 mmol/l, HbA1c ≥5.8%
(50 mmol/mol) or the use of
glucose-lowering agents
Use of hypoglycaemic medication,
or self-report or a 2 h glucose >11.1 mmol/l
Fasting glucose ≥7 mmol/l or use
of hypoglycaemic medication

NL, the Netherlands

diabetes, we performed a sensitivity analysis by excluding
the individuals with diabetes from the ARIC study. All
analyses were performed in the statistical environment R
(version 2.10.0). All statistical testing was two-sided and
p<0.05 was considered statistically significant.

Results
General characteristics Table 1 shows the studies that were
used for this analysis, and the definitions used in each study
to identify individuals with diabetes. A total of 4,220

individuals with diabetes were included in USE-IMT; of
these, 71% were derived from North American cohorts.
Characteristics of the USE-IMT population and population
with diabetes are shown in Table 2. The mean common
CIMT (SD) in the individuals with diabetes was 0.79 mm
(0.19) compared with 0.74 mm in the total USE-IMT population. The median follow-up of the individuals with diabetes
mellitus was 8.7 years, during which 684 first-time myocardial infarctions or first-time strokes occurred (Table 2).
Risk factors and CIMT in diabetes for cardiovascular
events The relations between the classical cardiovascular
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Table 2 Characteristics of the
participants of the cohorts in
USE-IMT and those with
diabetes

Data are presented as mean (SD)
or median (range) unless stated
otherwise
a

Median (interquartile range)
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Characteristic

USE-IMT

Individuals with diabetes

n
Age (years)
Systolic blood pressure (mmHg)
Smoking (%)
Antihypertensive medication (%)
Total cholesterol (mmol/l)
HDL-cholesterol (mmol/l)
Mean common CIMT (mm)
Framingham 10 year absolute risk (%)
Follow-up (years)
No. of myocardial infarctions
No. of strokes
No. of first-time myocardial infarctions or strokes

56,194
59 (36–75)
129 (18.8)
20
23
5.7 (1.02)
1.4 (0.43)
0.74 (0.16)
7.0 (6.8)
9.5 (6.4–12.6)a
2,454
2,104
4,290

4,220
61 (36–75)
134 (19.1)
18
52
5.4 (1.07)
1.2 (0.38)
0.79 (0.19)
16.0 (11.4)
8.7 (6.1–12.4)a
385
361
684

risk factors used in the Framingham risk score, mean common
CIMT and the outcome for the general USE-IMT population
and the population with diabetes are shown in Table 3, adjusted for the Framingham risk variables. In both populations, risk
factors were strongly related with the occurrence of first-time
stroke or myocardial infarction. Yet, among those with diabetes, the magnitude of the relation with events for smoking,
blood pressure, age and sex were less strong than in the overall
general population. The association between mean common
CIMT and outcome was similar (magnitude and direction) for
the general USE-IMT population and for the population with
diabetes.

Discrimination For individuals with diabetes, the C statistic
for the baseline model was 0.671 (95% CI 0.649, 0.693) and
0.678 (95% CI 0.656, 0.700) for the CIMT model.

Calibration The addition of mean common CIMT improved
the baseline model in the whole USE-IMT population (Wald
test and the likelihood ratio test, both p<0.001) [11]. For
individuals with diabetes, the 10 year predicted risk was in
close agreement with the 10 year cardiovascular disease risk
as estimated with Kaplan–Meier (Fig. 1).

Net reclassification of individuals with diabetes The upper
section of Fig. 2 shows the distribution of the number of
individuals with diabetes without and with events across
risk categories based on the Framingham risk score (rows),
and the distribution of individuals with diabetes after the
addition of the mean common CIMT (columns). In those

Table 3 Relation of risk factors
and CIMT with incident cardiovascular events, adjusted for
Framingham risk variables

a

All risk factors and CIMT were
included into one model

Distribution of Framingham risk score in individuals with
diabetes The distribution of the predicted risk among the
individuals with diabetes, according to the Framingham risk
score, was as follows: 9.7% were classified as being at low risk
(<5%), 26.9% were classified as being at low-to-intermediate
risk, (≥5 to <10%), 35.5% were classified as being at
intermediate-to-high risk (≥10 to <20%) and 27.8% were
classified as being at high risk (≥20%).

Risk factor

HR (95% CI)
USE-IMT
(n=56,194)

Individuals with
diabetes (n=4,220)

Sex, men vs women
Age, per 1 year increase
Systolic blood pressure, per 1 mmHg increase
Treatment for high blood pressure, yes vs no

1.49 (1.39,
1.06 (1.05,
1.02 (1.01,
1.32 (1.23,

1.60)
1.06)
1.02)
1.41)

1.23 (1.04,
1.03 (1.01,
1.01 (1.01,
1.18 (1.01,

1.44)
1.04)
1.02)
1.38)

Total cholesterol, per 1 mmol/l increase
HDL-cholesterol, per 1 mmol/l increase
Current cigarette smoking, yes vs no
Diabetes mellitus, yes vs no
Mean common CIMT, per 0.1 mm increasea
Mean common CIMT, per increase of 1 SDa

1.12 (1.08,
0.63 (0.58,
1.70 (1.59,
1.93 (1.77,
1.09 (1.07,
1.15 (1.12,

1.15)
0.69)
1.82)
2.11)
1.11)
1.18)

1.13 (1.05, 1.21)
0.60 (0.47, 0.76)
1.36 (1.13, 1.63)
1.12 (1.07, 1.16)
1.22 (1.14, 1.32)

Diabetologia (2013) 56:1494–1502

a

1499

with and without events, the percentage of individuals with
diabetes that remained in the same risk category was high
(>85%). The observed mean risk of the individuals with
diabetes who remained in the same risk categories (shaded
values, lower section of Fig. 2) corresponded well to the risk
categories. In those who did not experience an event, more
individuals were correctly classified to a lower risk category
than to a higher risk category. Yet, for those individuals with
events, a similar number was correctly up-classified as was
incorrectly down-classified. In the lower section of Fig. 2,
the observed risks in those who shifted risk category show
much uncertainty, as indicated by the wide range of the
upper and lower limits. The NRI value indicated that the
added value of mean common CIMT was small and nonsignificant (1.7%; 95% CI −1.8, 3.8). For sexes separately,
the result was 1.6% (95% CI −7.1, 4.5) for men and 1.9%
(95% CI −3.0, 4.6) for women. The integrated discrimination improvement was 0.005195% (95% CI 0.0011, 0.0091)
for the individuals with diabetes, with no differences between men and women. To put the integrated discrimination
improvement into perspective, we calculated the rIDI, which
reflects the increase in discrimination slope divided by the
slope of the baseline model. The rIDI with CIMT for the
individuals with diabetes was 6.88%. This value may be
seen as the predictive contribution of CIMT to the model
(compared with the average contribution of 12.5% of the
existing eight predictors).

Observed 10 year risk
of CVD (%)

35
30
25
20
15
10
5
0

0

5

10

15

20

25

30

35

Predicted 10 year risk of CVD using
Framingham risk score (%)

b
Observed 10 year risk
of CVD (%)

35
30
25
20
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Predicted 10 year risk of CVD using
Framingham risk score with addition of CIMT (%)

Fig. 1 The goodness of fit of Framingham risk score in individuals
with diabetes. The predicted and the observed risks are plotted for the
population with diabetes of the baseline model (a) and the model in
which the mean common CIMT has been added (b). The dotted lines
indicate the upper and the lower limits of the observed risks as estimated with Kaplan–Meier

Subjects with diabetes
Distribution of 4,220 subjects with diabetes without and with events across risk categories
FRS+CIMT
Non-events

<5%

5−10%

10−20%

>20%

343

38

0

0

5−10%

65

876

89

0

10−20%

0

113

1,105

63

>20%

0

0

98

746

<5%

5−10%

10−20%

>20%

24

3

0

0

5−10%

6

82

18

1

10−20%

0

17

184

18

>20%

0

0

18

313

FRS

<5%

n=3,070

No change (86.8%)

n=190

Up-classification (5.4%)

n=276

Down-classification (7.8%)

n=603

No change (88.2%)

n=40

Up-classification (5.8%)

n=41

Down-classification (6.0%)

FRS+CIMT
Events
<5%

Observed Kaplan−Meier estimates in the risk categories

<5%

FRS

FRS

Fig. 2 Reclassification of
individuals with diabetes after
addition of CIMT to
Framingham risk score. The
upper section of the figure
shows the numbers of
individuals with diabetes with
and without events classified
according to their 10 year
absolute risk of developing a
myocardial infarction or
stroke predicted using the
Framingham risk score (FRS,
rows) or classified according
to their 10 year absolute risk
of developing a first-time
myocardial infarction or
stroke predicted using the
Framingham risk score plus
mean common CIMT
measurement (FRS + CIMT,
columns). The lower section of
the figure shows the observed
Kaplan–Meier estimates with
the lower and upper bounds for
absolute risk in all individuals
(with and without events)
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>20%

<5%
6.6
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-
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Down-classification (7.5%)
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For stroke and myocardial infarction as separate endpoints, the NRI was 4.0% and 2.2%, respectively.
Sensitivity analysis In our sensitivity analysis, the ARIC
study participants were excluded from the diabetic population, resulting in 2,690 individuals with a mean (SD) common CIMT of 0.83 (0.19). These individuals had a median
follow-up of 6.6 years during which 379 first-time strokes
and myocardial infarctions occurred. Harrell’s c-index was
0.727 (95% CI 0.699, 0.755) without and 0.730 (95% CI 0.
702, 0.759) with addition of mean common CIMT. The NRI
was −6.7% (95% CI −20.9, 3.7) and not significantly different from our main analysis.

Discussion
This meta-analysis based on individual data of 4,220 subjects with diabetes obtained from 16 cohort studies worldwide, showed that measurement of mean common CIMT, on
top of Framingham risk factors does not provide additional
information in CVD risk in subjects with diabetes. When
Framingham risk score is used to predict the absolute 10 year
risk of developing CVD in an individual with diabetes,
adding a mean common CIMT measure does not contribute
to the risk prediction.
Several guidelines for the management of diabetes support assessment of cardiovascular risk to guide preventive
treatment in individuals with diabetes. This is of particular
importance since not all individuals with diabetes are at high
risk [5, 6]. We used the Framingham risk score to assess the
added value of mean common CIMT in individuals with
diabetes. Framingham is one of the most widely used risk
scores in primary care. Also, a recent systematic review
recommend the use of the Framingham risk score to predict
CVD risk in individuals with diabetes because this was the
only risk score that had been externally validated and had
adequate discriminative capacity [7].
Yet, improvement is possible in predicting the 10 year
risk of developing CVD in individuals with diabetes. Measurement of subclinical atherosclerosis by mean common
CIMT may identify those at high risk. The literature on the
added value of CIMT measurements within the diabetic
population is very limited. This is mostly due to the fact
that individuals with diabetes are often included in generalpopulation-based cohorts and are analysed as a subgroup.
Consequently, these analyses are based on a limited sample
size and a limited number of events, which hampers the
precision in determining the NRI gained with CIMT measurement. Even within our collaboration, the number of
individuals that shifted risk categories was small, and this
limited precise estimates of mean observed risks, as can be
seen from the lower section of Fig. 2.
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Recently, results from two cohorts, one not being part of
USE-IMT, addressed this issue [19, 20]. Yoshida and coworkers followed a cohort of 783 Japanese patients (aged
30–75 years, with diabetes, free from previous CVD) for
5.4 years and reported that an increased common CIMT
(including plaques) was related to the risk of CVD (n=85)
[19]. The C statistic of the Framingham risk score model
was 0.645 and rose to 0.656 with addition of common
CIMT. No information on net reclassification was presented.
The second report followed 881 patients with diabetes, aged
45–84 years, participating in the Multi-Ethnic Study of
Atherosclerosis (MESA), for 6.4 years [20]. CIMT was
expressed as the combined maximal intima-media thickness
of the internal and common carotid sites using a z score [20].
In those with diabetes, the CIMT was statistically significantly
related to increased risk of coronary heart disease events, but
not to CVD, when risk factors were taken into account. The
C statistic increased from 0.72 to 0.74 with the addition of
CIMT measurements of coronary events, but did not change
for CVD. No information on reclassification was presented.
These findings are in agreement with ours. Common CIMT
relates to risk of coronary events or CVD, but does not
improve individual risk stratification in clinical practice.
It may well be that other measures of subclinical atherosclerosis, such as carotid plaque, CIMT measured at the
carotid bifurcation or internal carotid segments, ankle brachial index or coronary calcium, may be of greater value in
the identification of individuals with diabetes who are at
high risk of future CVD [21, 22]. Nevertheless, studies
presenting clinically useful indices of the added value of
markers on top of classical risk factors have not yet been
published and are needed to improve individual CVD risk
stratification in subjects with diabetes.
One may argue whether there is a need for risk stratification in patients with diabetes mellitus. The current guidelines on cardiovascular risk factor management vary in their
recommendations. The NCEP ATP III, Canadian dyslipidemia and WHO guidelines put individuals with type 1 or type
2 diabetes in the highest risk category, implying that pharmacological therapy is needed for all, irrespective of the risk
factor level [23, 24]. The American Heart Association
guideline for women advocates the classification of women
with diabetes mellitus at high risk [25]. The UK National
Institute for Health and Clinical Excellence guidelines recommend drug treatment in individuals with diabetes when
blood pressure or lipid levels are elevated. Recent European
guidelines indicate that individuals with diabetes mellitus
with one or more risk factors are seen as very high risk and
those with no other risk factors are considered as high risk
[26, 27]. Given these guidelines, the rationale for further
risk stratification in individuals with diabetes mellitus seems
unnecessary, let alone measuring common CIMT for that
purpose.
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The strength of our study lies in the large sample size
from multiple cohorts that collaborate in the ongoing USEIMT initiative. Furthermore, our main model was based on
individuals in USE-IMT who were eligible for cardiovascular risk stratification. As this population may be very different from that of Framingham, we refit all the Framingham
variables with and without addition of mean common
CIMT. Next, we separately analysed the value of CIMT in
those with diabetes. Moreover, to test whether our results
were driven by the ARIC study, which had a major contribution to the population with diabetes in USE-IMT, we
performed a sensitivity analysis by excluding the subjects
with diabetes from the ARIC study. This showed that even
though the discriminative value of the baseline and CIMT
model without the ARIC study was reasonable to good,
there was no NRI achieved by adding the mean common
CIMT measures. This strengthens our conclusions that mean
common CIMT does not add information on cardiovascular
risk in individuals with diabetes, when added to the variables of the Framingham model.
However, a meta-analysis like USE-IMT has limitations.
Joining data from multiple cohorts has inevitably led to
variations that we cannot account for, e.g. in the definition
of diabetes across the cohorts. In addition, there was no
information available on the severity or duration of the
disease or the use of medication. This certainly limits our
ability to further characterise the population with diabetes
included in our study. At the same time, the cohorts in USEIMT were all based on the general population, which suggests
that they are probably similar across the studies. In addition,
we are also unable to account for differences in measurement
(e.g. the number of sonographers/readers, whether or not the
analysis was performed using semi-automated software) in the
studies included in USE-IMT. One way in which we have
compensated for this is by using a frailty model of studies in
our Cox proportional-hazards model. By adding this term to
our model, we have ‘corrected’ for the differences in CIMT
and outcome across studies.
Plaque burden and intima-media thickness in other carotid
segments were not taken into account. Individuals with diabetes may have more atherosclerotic plaques and more severe
coronary atherosclerosis than individuals without diabetes,
either of which may have remained undetected when analysing the mean common CIMT only. Finally, the protocols to
assess and measure mean common CIMT may have varied by
study. This may have led to an increase in the variability of the
CIMT measurement and thus an underestimation of the
relations under study.
In conclusion, mean common CIMT measurement provides no added value to the Framingham risk score in
individuals with diabetes. Therefore, this measurement is
not recommended for improving individual cardiovascular
risk stratification in individuals with diabetes.
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