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Is Obstructive Sleep Apnea a Risk Factor of Subclinical

White Matter Damages?

Jiyoung Yun, MD, Jee Hyun Kim, MD, PhD? Kyoung-Gyu Choi, MD, PhD,
Kee-Duk Park, MD, PhD, Yong-Jae Kim, MD, PhD, Hyang Woon Lee, MD, PhD

Department of Neurology, School of Medicine, Ewha Womans University and Ewha Medical Research institute,

Seoul, Department of Neurology, Dankook University College of Medicine®, Cheonan, Korea

Background: Obstructive sleep apnea (OSA) has been reported to increase risk of ischemic stroke. This study was

performed to investigate the prevalence and relationship of subclinical white matter damages (SD) in patients with

OSA.

Methods: All subjects (n = 54) had brain MRI and nocturnal polysomnogram (PSG). SD are defined by nonsymptomatic
lacunar infarcts > 3 mm or periventricular white matter changes (PVWC). We analyzed the difference between
OSA patients with and without SD (SD and non-SD groups), and also with and without PVWC. Using apnea-hypopnea
index (AHI), we classified OSA into mild (5<AHI<15) and moderate to severe (AHI>15).

Results: SD group (n = 31) showed significantly increased apnea-hypopnea index (AHI), apnea index (Al) and
oxygen desaturation index (ODI) compared to non-SD (n = 23). Among the 37 patients without lacunar infarctions,
14 showed PVWC while the other 23 did not have any lesions. Compared to non-SD group, SD group showed
increased AHI and ODI, and decreased lowest SaO, (p < 0.05). Similarly, AHI and ODI were higher and the
lowest SaO, was lower in patients with PVWC than without PVWC (p < 0.05). Moderate to severe OSA group
showed more frequent subclinical or periventricular white matter changes than mild group (p < 0.05).

Conclusions: Severity of OSA showed a positive correlation with the occurrence of subclinical white matter
damages. OSA may cause subclinical white matter damages.
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Table 1. Comparisons of characteristics with and without subclinical white matter damages

SD (n=31) Non-SD (n=23) p-value
Questionnaire
Age (years) 54.7+11.1 52.2+8.4 0.367
Sex (M:F) 21:10 16:7 0.887
Hypertension (%) 14.9 11.1 0.253
Systolic BP (mmHg) 131.8+£21.2 126.0£16.7 0.366
Diastolic BP (mmHg) 79.1£12.0 75.7+£9.8 0.371
ESS 7.545.1 8.3+4.4 0.533
SSS 3.2+1.6 3.4+1.8 0.771
BDI 8.6+8.7 8.7+6.8 0.523
DM (%) 25.8 8.7 0.161
Hyperlipidemia (%) 26.7 27.3 0.961
Smoking (%) 323 30.4 0.887
Arrhythmia (%) 32 8.7 0.569
Anthropometric measure
BMI (kg/m®) 26.0+2.7 25.6+2.8 0.353
NC (cm) 39.3+3.8 37.5+3.2 0.081
Laboratory test
Fasting Glucose (mg/dl) 117.2+42.1 101.1£14.7 0.216
LDL (mg/dl) 101.1+33.5 107.0+26.3 0.503
HDL (mg/dl) 44.9+12.6 45.848.1 0.903
Total Cholesterol (mg/dl) 174.0+46.4 183.8+28.7 0.386
Triglyceride (mg/dl) 118.3+81.0 119.0+51.3 0.593
Platelet (x10°/ul) 265.8+168.8 248.6+59.3 0.332
ESR (mm/hr) 14.1+22.0 5.3+5.3 0.534
HsCRP (mg/dl) 0.6x1.0 0.2+0.4 0.216
Homocysteine (umol/ml) 11.0+4.4 9.8+1.2 0.805
Sleep architecture
Stage 1 sleep (%) 36.1+£20.2 25.2+10.7 0.059
Stage 2 sleep (%) 37.3+15.6 46.1£8.9 0.009*
Slow wave sleep (%) 11.2+12.8 10.748.1 0.506
REM sleep (%) 17.4+13.2 17.9+8.2 0.290
AHI
Total AHI 38.6+22.9 21.8+15.5 0.005"
RDI 42.7421.9 26.5+14.8 0.005"
REM AHI 30.4+25.8 20.9+16.3 0.238"
NREM AHI 34.2422.6 20.8+17.8 0.022°
Supine AHI 49.2426.1 32.4+27.5 0.032°
Non-supine AHI 21.2424.1 6.7+8.2 0.005°
Al
Total Al 37.8+19.0 24.4+9.2 0.005°
Respiratory Al 28.0+20.8 14.1£9.7 0.009*
Snoring Al 1.5+2.5 1.4+2.7 0.380
PLMAI 1.8+£6.3 0.9+£3.4 0.709
Spontaneous Al 5.9+4.9 6.9+4.5 0.391
FLAI 0.4+1.1 0.6+1.5 0.829
Lowest level of SaO, (%) 81.4+8.6 87.7+4.0 0.001*
ODI 25.2422.3 9.8+10.9 0.016"

AHI; apnea-hypopnea index, Al; arousal index, BDI; Beck depression inventory, BMI; body mass index, ESS; Epworth sleepiness scale, FLAI;
flow limitation arousal index, NC; neck circumference, Non-SD; subjects without subclinical white matter damages, ODI; Oxygen desaturation
index, PLM; periodic limb movement, RDI; respiratory disturbance index, SD; subjects with subclinical white matter damages, SSS; Stanford
sleepiness scale.

p<0.05 by Mann-Whitney U test, Chi-square test, or Fisher’s exact test.

326 HHSHMEMOIRIN NI267 NI42, 2008



o

S tHTable 1),

A< [e) )\
Tl G

Hm

wchel

AL AT} HAE
A3t AHIE= SDwH(38.6+22.9), Non—SD (21.8+15.5)

THS THeR

02 SDFA E=UTHp=0.005). ©] 2]9|%= RDI, non—REM
AHI, supine AHI, non—supine AHI= R SD-of|A] =9t}
(27} p=0.005, p=0.022, p=0.032, p=0.005). 1L} REM

Table 2. Comparisons of characteristics with and without periventricular white matter damages

PVWC(+) (n=14) Non-SD (n=23) p-value
Questionnaire
Age (years) 57.7£9.5 52.2+8.4 0.110
Sex (M:F) 11:9 21:8 1.000
Hypertension (%) 55.0 414 0.286
Systolic BP (mmHg) 131.6+20.3 126.0+16.7 0.512
Diastolic BP (mmHg) 79.5£10.5 75.7+9.8 0.433
DM (%) 30.0 6.9 0.346
Hyperlipidemia (%) 35.7 273 0.716
Smoking (%) 20.0 27.6 0.710
Arrhythmia (%) 5.0 6.9 1.000
ESS 6.5+4.7 8.3+4.4 0.533
SSS 2.9+1.4 3.4+1.8 0.779
BDI 8.949.6 8.7+6.8 0.583
Anthropometric measure
BMI (kg/m?) 26.7+2.4 25.64+2.8 0.052
NC (cm) 39.0+3.8 37.5+3.2 0.282
Laboratory test
Fasting Glucose (mg/dl) 125.8+53.1 101.1£14.7 0.059
LDL (mg/dl) 120.8+35.0 107.0+26.3 0.231
HDL (mg/dl) 49.3£13.9 45.8+8.1 0.305
Total Cholesterol (mg/dl) 189.2+59.9 183.8+28.7 0.591
Triglyceride (mg/dl) 106.4+£97.5 118.9+£51.3 0.205
Platelet (x10°/ul) 251.8+111.3 243.1+54.9 0.715
ESR (mm/hr) 9.5+8.7 3.241.2 0.293
HsCRP (mg/dl) 1.8+0.4 1.2+0.4 0.073
Homocysteine (pmol/ml) 9.5£2.7 9.8+1.2 0.570
Sleep architecture
Stage 1 sleep (%) 31.2+14.2 25.2+10.7 0.246
Stage 2 sleep (%) 39.8+12.3 46.1£8.9 0.026"
Slow wave sleep (%) 12.0+12.4 10.7+8.1 0.825
REM sleep (%) 17.046.5 17.9+8.2 0.754
AHI
Total AHI 39.34+21.2 21.8+15.5 0.005"
RDI 42.0+20.7 26.5+14.8 0.005"
REM AHI 40.0+£29.4 21.0£16.3 0.238
NREM AHI 37.8421.0 20.8+£17.8 0.022*
Supine AHI 51.7422.6 32.4427.5 0.032°
Non-supine AHI 16.0+20.0 6.7+8.2 0.005*
Al
Total Al 33.7+17.8 24.4+9.2 0.121
Respiratory Al 23.7£17.2 14.1£9.7 0.082
Snoring Al 0.8+1.1 1.4+2.7 0.987
PLMAI 2.7+£7.8 0.8+3.0 0.208
Spontaneous Al 5.243.3 6.9+4.5 0.339
FLAI 0.2+0.6 0.6x1.5 0.696
Lowest level of SaO, (%) 83.8+6.1 87.7+4.0 0.048"
ODI 24.8+22.6 9.8+£10.9 0.039"

AHI; apnea-hypopnea index, Al; arousal index, BDI; Beck depression inventory, ESS; Epworth sleepiness scale, FLAI; flow limitation arousal
index, Non-SD; subjects without subclinical white matter damages, ODI; oxygen desaturation index, PLMALI; periodic limb movement arousal
index, PVWC (+); subjects with periventricular white matter changes, RDI; respiratory disturbance index, SSS; Stanford sleepiness scale.
p<0.05 by Mann-Whitney U test, Chi-square test, or Fisher’s exact test.
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Table 3. Odds ratio with 95% confidence interval for periventricular white matter damages by age, hypertension, DM, smoking,

hyperlipidemia and apnea-hypopnea index

Coefficient Standard Error Odds Ratio p-value
Age 1.135 0.913 3.112 0.214
Hypertension 0.593 0.848 1.565 0.484
DM 0.291 1.393 0.678 0.835
Hyperlipidemia -0.170 0.917 0.844 0.853
Smoking -0.518 0.990 0.596 0.776
AHI 2214 1.248 9.956 0.049"

AHI; apnea-hypopnea index, DM; diabetes mellitus.
p<0.05 by binary logistic regression analysis.
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Table 4. Comparison of characteristics between mild and moderate to severe OSA group

Mild (n=11) Moderate to severe (n=43) p-value
Questionnaire
Age (yr) 55.5+8.4 53.1+10.4 0.445
M:F 5:6 32:11 0.081
Hypertension (%) 27.3 53.5 0.120
Systolic BP (mmH,0) 121.5+16.6 130.2+19.3 0.082
Diastolic BP (mmH,0) 73.8+£9.9 78.1+£10.4 0.084
DM (%) 9.1 8.0 0.667
Smoking (%) 9.1 37.2 0.143
Hyperlipidemia (%) 18.2 29.3 0.705
Arrhythmia (%) 4.7 9.1 0.502
ESS 7.5+3.7 7.9+£5.0 0.821
SSS 3.9+2.0 3.1+1.6 0.137
BDI 10.7£7.3 8.1+8.0 0.111
Anthropometric measure
BMI (kg/cm?) 26.1+2.8 24.6+2.1 0.141
NC (cm) 37.0+3.7 39.0+3.6 0.168
Laboratory test
Fasting glucose (mg/dl) 107.1£24.1 112.0+37.3 0.925
LDL (mg/dl) 116.4+28.7 100.2+31.5 0.235
HDL (mg/dl) 42.0+4.5 46.0+12.2 0.307
Total Cholesterol (mg/dl) 181.1£34.1 176.7+42.6 0.856
Triglyceride (mg/dl) 93.1+38.1 123.5+75.6 0.324
Platelet (x10°/ul) 224.3+62.3 268.2+148.3 0.454
Fibrinogen (103/ul) 334.0+32.5 383.5+153.8 0.855
ESR (mm/hr) 4.7+1.2 10.4+18.9 0.248
HsCRP (mg/dl) 1.3+0.5 1.4+0.5 0.173
Homocysteine (pmol/ml) 10.7+0.0 10.7£3.8 0.630
Mild (n=7) Moderate to Severe (n=36) p-value
Sleep architecture
Stage 1 sleep (%) 17.9+7.1 35.0£17.8 <0.001*
Stage 2 sleep (%) 51.9+11.6 38.2+13.0 0.002°
Slow wave sleep (%) 9.7£10.3 11.3£11.2 0.723
REM sleep (%) 20.549.1 16.8+11.7 0.098
AHI
Total AHI 7.5£1.5 37.5+20.0 <0.001*
RDI 12.443.6 41.8+18.9 <0.001*
REM AHI 11.948.5 30.1+23.6 0.015"
NREM AHI 5.9+2.5 34.3+20.5 <0.001*
Supine AHI 11.2+6.4 49.9425.5 <0.001*
Non-supine AHI 2.5£3.5 17.7£21.1 0.001"
Al
Total Al 20.4+7.3 35.1+17.3 0.006"
Respiratory Al 6.2+4.4 26.2+18.2 <0.001*
Snoring Al 1.843.6 1.442.3 0.583
PLM Al 1.9+4.8 1.3£54 0.083
Spontaneous Al 9.1+4.0 5.6£4.7 0.022°
Flow limitation Al 0.0+0.0 0.6+1.4 0.101
Lowest level of SaO, (%) 90.0+3.1 82.6+7.8 <0.001*
ODI 7.8+8.5 22.1+21.1 0.036"
SD (%) 18.2 67.4 0.003"
PVWC (%) 10.0 48.1 0.034"

AHI; apnea-hypopnea index, Al; arousal index, BDI; Beck depression inventory, BMI; body mass index, BP; blood pressure, DM; diabetes
mellitus, ESS; Epworth sleepiness scale, NC; neck circumference, ODI; oxygen desaturation index, OSA; obstructive sleep apnea, PLM;
periodic limb movement, RDI; respiration disturbance index, SSS; Stanford sleepiness scale.

p<0.05 by Mann-Whitney U test, Chi-Square test, or Fisher’s Exact test.
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Table 5. Odds ratio with 95% confidence interval for subclinical white matter damages by age, hypertension, DM, smoking,

hyperlipidemia and apnea-hypopnea index

Coefficient Standard Error Odds Ratio p-value
Age -0.427 0.736 0.652 0.562
Hypertension 0.559 0.744 1.749 1.749
DM 1.949 1.225 7.021 0.112
Smoking -0.649 0.799 0.522 0.416
Hyperlipidemia 0.605 0.826 0.546 0.464
AHI 2.575 0.988 13.126 0.009"

AHI; apnea-hypopnea index.
°p<0.05 by binary logistic regression analysis.
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