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VHA’s electronic health records (EHR)
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Individuals with higher exposures to NO2 and 
PM2.5 had a greater odds of sleep apnea.





Factors that increase OSA risks:
• Male sex
• Advancing age



Factors that increase OSA risks:
• Male sex
• Advancing age
• Hormonal changes



Factors that increase OSA risks:
• Male sex
• Advancing age
• Hormonal changes
• Obesity
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• 6%-84% patients with sleep apnea have co-occurring insomnia.

• 7%-69% patients with insomnia have co-occurring OSA.
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• Sleep quality was inversely 
related to total gray matter and 
frontal lobe gray matter volume





Poor sleep quality/insomnia has been linked with:
• brain atrophy (Sexton et al., 2014; Koo et al., 2017; Altena et al., 

2010; Li et al., 2018; Winkleman et al. 2013; Joo et al., 2014; Grau-
Rivera et al., 2020).

• higher risk of late-life dementia (Potvin et al., 2012; Sindi et 
al., 2018; Lim et al., 2013).

• β-amyloid and tau accumulation in the brain (Ju et al., 
2015; Holth et al., 2019).

• Impaired cognition, particularly executive function (Grau-
Rivera et al., 2020).



OSA has been linked with:
• brain atrophy and decreased white matter integrity 

(Cross et al., 2018; Macey et al., 2008; Kumar et al., 2012; Joo et 
al., 2014).

• cognitive deficits in multiple domains (Bucks et al. 2013; 
Leng et al., 2017).

• increased risk for and earlier progression to Mild 
Cognitive Impairment (MCI) and dementia (Yaffe et al., 
2011; Osoris et al., 2015).



Mild Cognitive Impairment (MCI)
• Clinical syndrome defined as cognitive decline greater 

than that expected for the person’s age but does not 
impact activities of daily life.

• Transition between normal aging and dementia.
• Increased risk for dementia.



• 12% of GW Veteran sample (median age 52 years) had MCI 
according to actuarial neuropsychological criteria.
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GW veterans with Kansas GWI 
and insomnia

CBT-I 

8-weeks of phone CBT-I 
+ sleep diary

8-weeks usual care + 
sleep diary 

Pre-treatment Questionnaires & 1 
week sleep diary

Randomization

Wait-List

Post-treatment Questionnaires +
sleep diary

6-month follow-up 
Questionnaires

Option of 8 weeks 
phone CBT-I

Mid-Tx Questionnaires



GW veterans with Kansas GWI 
and insomnia

CBT-I 

Pre-treatment Questionnaires & 1 
week sleep diary

Randomization

Wait-List

29
8 (28%)

51.8 + 11.4
14.9 + 3.5
18 (62%)
4 (11%)
2 (6%)

20 + 5.5
69.4 + 16.7

35
7 (20%)

54.5 + 6.1
15.7 + 4.8
27 (77%)
8 (28%)
4 (14%)
20 + 3.8

66.0 + 14.6

N
No. Female (%)
Age, years
Education, years
No. Caucasian (%)
No. current PTSD (%)
No. current MDD (%)
Baseline ISI
Baseline GWI severity



Insomnia Severity Index (ISI)

Grp X time
F1,59= 24.40, p<0.001

Subjective Sleep Quality (PSQI)

Grp X time
F1,59= 21.58, p<0.001

GWI Severity Index

Grp X time
F1,59= 7.98, p=0.006

Wait List
CBT-I

Pre-Tx Mid-Tx Post-TxPre-Tx Mid-Tx Post-TxPre-Tx Mid-Tx Post-Tx



Hospital Anxiety and Depression Scale (HADS)

Anxiety

Grp X time
F1,58= 13.49, p=0.001

Depression

Grp X time
F1,58= 8.61, p=0.005

Fatigue Severity Scale (FSS)

Grp X time
F1,59= 11.31, p=0.001

Wait List
CBT-I

Pre-Tx Mid-Tx Post-Tx Pre-Tx Mid-Tx Post-Tx Pre-Tx Mid-Tx Post-Tx



Wait List
CBT-I

Multiple Ability Self-Report
Questionnaire (MASQ - cognition)

Grp X time
F1,57= 3.47, p=0.05

Pre-Tx Mid-Tx Post-Tx

Brief Pain Inventory (BPI)

Pain SeverityPain Interference

Grp X time
F1,59= 4.39, p=0.04

Pre-Tx Mid-Tx Post-TxPre-Tx Mid-Tx Post-Tx



Insomnia Severity (ISI)
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Cognitive Abilities (MASQ)
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Pain Interference (BPI) Pain Severity (BPI)

GWI Severity

Anxiety (HADS-A)
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