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4. Rationale:  

White matter hyperintensities (WMHs) are small lesions commonly detected as incidental findings on MRI.  Current 

understanding suggests that they reflect subclinical small vessel disease, specifically damage to areas of white matter due 



to hypoperfusion, thrombosis of arterioles, or a leaky blood-brain barrier.  Greater WMH volume and WMH progression is 

associated with subsequent increased risk of stroke, dementia and mortality, and also appears to predict decline in some 

domains of cognitive function that are often impaired in vascular dementia.
1
   

 

Smoking appears to be associated with cognitive decline and dementia, including Alzheimer’s disease and vascular 

dementia.
2
  Similarly, smoking is an established risk factor for stroke.

3
   Therefore, it is reasonable to hypothesize that 

smoking may influence cognitive decline, dementia, and stroke risk through promotion of small vessel disease.   

 

While few studies have focused on the cross-sectional association between smoking and WMHs, studies of other risk 

factors for WMHs and studies surveying multiple potential risk factors often report on the smoking-WMH association.  As 

has been noted by others, a handful of studies reporting unadjusted univariate correlations actually suggest an inverse 

association between smoking and WMHs.
4,5

 However, the majority actually report null (e.g.
6
) or positive associations 

(e.g.
7,8

).  Notably, in a prior study in ARIC, smoking was positively associated with WMH severity, with stronger 

associations observed among African-Americans than among European-Americans.
9
 Similar findings are reported in 

studies that specify smoking as a risk factor of interest.  In a series of 253 Japanese patients oversampled for stroke, 

duration of smoking and current or former smoking were significantly positively correlated with periventricular 

hyperintensity grade.
10

  Likewise, current smoking was associated with greater periventricular WMHs among those under 

65, and with greater deep WMH among those over 65 in a series of 595 Korean patients who underwent brain MRI in the 

outpatient setting.
11

  

 

Relatively few studies have assessed risk factors, including smoking, for WMH progression.  Associations with 

progression provide stronger evidence for a causal relation, as progression is a stronger predictor of cognitive decline than 

baseline WMH volume and studies within-person change are less susceptible to confounding.  To date all three studies of 

risk factors for WMH progression suggest positive findings for smoking.  In the Cardiovascular Health Study, whose 

primarily white participants are all over age 65, baseline current smoking predicted WMH progression.
12

   Similarly, in the 

Rotterdam Scan Study, whose participants are primarily white and over 65, baseline current cigarette smoking predicted 

progression of small vessel disease, as indicated by WMH progression.
13

  Finally, a prior study in ARIC noted suggestive, 

but not significant, positive associations between ever versus never and current versus not former/nerver smokers and one 

or more grade increase in WMH score.
14

   

 

There are several limitations to the existing work on the association between WMH and smoking.  First, in many of the 

previous studies, and in all studies of WMH progression, smoking was not the primary risk factor of interest.  Instead, most 

considered broad swaths of risk factors in a search for independent predictors of WMHs and choice of adjustment for 

covariates included both potential confounders and potential intermediates.  In addition, most studies considered only 

smoking defined as current versus non-smokers; therefore questions relating to timing of smoking cessation, smoking 

intensity, and other characteristics of smoking behavior remain unresolved.   Second, in most studies, and in both of the 

studies reporting on the association between smoking and progression, the participants were primarily white and over age 

65.  It is unclear whether race or timing of smoking influence the observed association; in the previous work in ARIC, 

which considered a younger, more racially diverse group than other similar studies, the association was suggestive, but 

weaker.    

 

As such, we propose to describe the relationship between smoking and white matter hyperintensity progression in the 

ARIC Brain MRI study.  Specifically, we will assess whether smoking status predicts white matter hyperintensities and 

whether this association differs by black versus white race.  In addition, we will determine whether the association between 

smoking and WMH progression varies by intensity or duration of smoking or timing of smoking or smoking cessation.   

 



 

5. Main Hypothesis/Study Questions: 

 

We hypothesize that cigarette smoking will be strongly associated with WMH progression from visit 3 to the Brain MRI 

study, and that this relationship will be (1) stronger in black participants than in white participants, (2) stronger with greater 

pack-years or duration of smoking, and (3) will attenuate with increased time since quitting smoking among former 

smokers.   

 

 

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).  

 

Exclusions:  

 

No MRI at visit 3 or the Brain MRI study, missing smoking data.  

 

Independent variables:   

 

Smoking status (current/former/never) at visits 1,2,3,4 and Brain MRI.  Pack-years and duration of smoking among ever 

smokers and time since smoking cessation for former smokers, both prior to visit 3 and through the Brain MRI study, 

derived from visit 1-4, annual follow-up questionnaires, and the Brain MRI questionnaire.  We may also consider other 

aspects of smoking behavior in secondary analyses. 

 

Dependent variables:  

 

Change in WMH volume from visit 3 to the brain MRI study, computed as measured volume minus imputed volume, 

according to an established algorithm
15

, and change in WMH score using the Cardiovascular Health Study (CHS) scale
16

 

from visit 3 to the brain MRI study.  

 

Effect modifiers:  

 

Gender, race, age, hypertension, diabetes.   

 

Statistical Analyses:   

 

For analyses using change in WMH volume, we propose to use linear regression to assess the association between our 

smoking variables and continuous change in WMHs and logistic regression to assess the association between smoking and 

the risk of being in the top quintile of progression. 

 

For secondary analyses using change in CHS score, we propose to use ordinal logistic regression to assess the relationship 

between smoking and change in CHS score. 

 

All analyses will be adjusted for age, education, race/center, and gender.  We will also consider models that additionally 

adjust for potential intermediates, including body mass index, diabetes, hypertension, and prevalent coronary heart disease.  

We will use multiplicative interaction terms to assess effect modification.   
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