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4. Rationale: 
 The arterial wall is composed of 3 layers: the intima (endothelial cells), the media (smooth 
muscle cells), and the adventitia (collagen and external elastic lamina). Early in the atherogenesis 
process, monocytes migrate into the sub-endothelial space, and differentiate into macrophages 
which oxidize low density lipoproteins. Concurrently, vascular smooth muscle cells migrate 
from the media to the intima, and proliferate. This cellular influx and proliferation results in 
expansion of the intima, a precursor to atherosclerosis. Accordingly, carotid artery intima media 
thickness (IMT), which is visible and quantifiable by high-resolution ultrasonography, is 
considered an indicator of subclinical atherosclerosis. However, IMT measurements, which are 
the distance between the lumen-intima and media-adventia interfaces, include both intima 
thickness and media thickness. Thus, the IMT not only reflects pre-atherosclerotic intimal 
thickening, but also smooth muscle hypertrophy and hyperplasia, which may be the result of 
poor blood pressure control or aging. 
 The carotid artery is considered to have 4 segments: the common carotid artery (CCA), the 
bifurcation, the internal carotid artery (ICA), and the external carotid artery. Plaque develops in 
regions of low shear stress, and in the carotid artery is most commonly observed at the 
bifurcation or ICA. Consequently, IMT of the ICA and bifurcation are considered more 
influenced by atherosclerosis, while IMT of the CCA is more reflective of blood pressure1.  
 The European Society of Cardiology (ESC) has defined abnormal IMT by a thickness 
exceeding 0.9 mm2. This threshold, though considered conservative, was derived from maximal 
IMT values and their associated risk with myocardial infarction and stroke in the Cardiovascular 
Health Study3. Following this landmark publication from the CHS, numerous studies have 
reported associations of IMT with both prevalent and future cardiovascular disease. Associations 
from previous reports appear to be systemic, extending well beyond the anterior cerebral 
circulation of the carotid artery distribution. However, the extent to which carotid IMT associates 
with cerebral small vessel disease is debatable.  
 Silent brain infarctions (SBI) of the small deep penetrating arteries are thought to result 
from microthrombi (atherosclerotic or thrombotic), or from constriction and eventual occlusion 
of the small vessels by lipohyalinosis. As a crude measure, the SBI etiology is often considered 
lipohyalinosis when the infarct diameter < 7 mm, and atheromatous or embolic when the 
diameter exceeds 7 mm4. Overall, the most predictive risk factors of SBI are age and 
hypertension, but diabetes and smoking have also been implicated. The Rotterdam Scan Study 
reported a significant association between CCA-IMT and incident silent brain infarction (SBI) on 
MRI; however, these models were only adjusted for age and sex5. In contrast, an analysis from 
the Framingham Study, which adjusted for demographics and stroke risk factors, reported no 
association between prevalent SBI and CCA-IMT, but a significant association between SBI and 
the ICA-IMT6. This suggests the association between IMT and SBI may be driven more by 
atherosclerosis than blood pressure. In support of this, a hospital-based study of asymptomatic 
Japanese patients reported no association between SBI and CCA-IMT in patients without plaque 
in the carotid bifurcation7.   
 Whether the CCA-IMT associates with prevalent and incident SBI after adjustment for 
comorbid risk factors remains inconclusive. The ARIC Study is well suited to investigate this 
topic. 
   
 
  
 



5. Main Hypothesis/Study Questions: 
 
1. Cross-sectional: Is abnormal (>0.9) IMT of the common carotid artery in stroke-free 
individuals associated with greater number of prevalent SBI at the visit 3 MRI examination, and 
greater prevalence rate of SBI (using participant age at visit 3 as the time variable)? 
2. Descriptive: Is abnormal CCA-IMT more related to SBIs of the anterior, rather than posterior 
cerebral circulation? What is the distribution of SBI sizes (< 3mm, 3-7mm, ≥ 7 mm, or 
combination) in relation to normal and abnormal CCA-IMT measurements? 
3. Longitudinal: Is abnormal CCA-IMT at cohort visit 3 associated with new SBI at the 
subsequent Brain MRI and visit 5 MRI examinations? Do participants with abnormal CCA-IMT 
have a greater growth rate of number of new SBI from visit 3 to follow up exams (at Brain MRI 
and v5 MRI)?  
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
The cross-sectional analysis will include ARIC Study participants who were imaged by carotid 
ultrasound and brain MRI at the 3rd cohort examination (1993-1995). In the cohort study, mean 
CCA-IMT was averaged from 11 measurements of the posterior wall in both left CCA and right 
CCA. For the purposes of this analysis, abnormal CCA-IMT will be considered an IMT >0.9 
mm, when the left and right mean CCA-IMT are averaged. Abnormal IMT will be modeled as a 
predictor of SBI count using Poisson regression, with ln(age) of the participant used as the offset. 
Models will be adjusted for CVD risk factors, and will also be examined after consideration of 
carotid plaque/shadowing presence. The 20-year growth rates in SBI count associated with v3 
CCA-IMT will be analyzed using Poisson regression with a generalized estimator equation and a 
first-order autoregressive correlation. For this analysis, all available brain MRI examinations 
(1993-1995, 2004-2006, and 2011-2013) of participants imaged by carotid ultrasound in 1993-
1995 will be included. 
Anticipated Limitations 
Many advancements in ultrasound imaging quality have been realized over the past 2 decades. 
The 1993-1995 carotid ultrasound data is admittedly dated. Nonetheless, images were acquired 
with an 8 MHz probe, achieving an axial resolution of 0.1 mm, which is sufficient for this 
analysis. MRI image resolution has also improved substantially, and scanners were upgraded 
from 1.5 T to 3.0 T magnets at the 2011-2013 examination. However, we will use consistent 
definitions to classify SBI at all 3 examinations. 
Additionally, this longitudinal analysis of elderly participants will be heavily influenced by 
survival bias. To overcome this limitation, we will conduct a sensitivity analysis using inverse 
probability weighting for the probability of non-missingness. 
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