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Background: Patients with obstructive sleep apnea (OSA)
are at increased risk of cardiovascular disease (CVD). The
omega-3 fatty acid docosahexaenoic acid (DHA) is a major
component of neural tissues, and supplementation with fish
oils improves autonomic tone and reduces risk for CVD. A link
between low DHA status and less mature sleep patterns was
observed in newborns.

Methods: We investigated the relations between red blood
cell (RBC) levels of DHA and OSA severity in 350 sequential
patients undergoing sleep studies. Severity categories were
defined as none/mild, moderate, and severe, based on apnea
hypopnea index (AHI) scores of 0 to 14, 15 to 34, and > 34,
respectively.

Results: After controlling for age, sex, race, smoking, BMI, al-
cohol intake, fish intake, and omega-3 supplementation, RBC
DHA was inversely related with OSA severity. For each 1-SD
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increase in DHA levels, a patient was about 50% less likely
to be classified with severe OSA. The odds ratios (95% Cl)
were 0.47 (0.28 to 0.80) and 0.55 (0.31 to 0.99) for being in
the severe group versus the none/mild or moderate groups,
respectively.

Conclusion: These findings suggest that disordered mem-
brane fatty acid patterns may play a causal role in OSA and
that the assessment of RBC DHA levels might help in the di-
agnosis of OSA. The effects of DHA supplementation on OSA
should be explored.

Keywords: Omega-3 fatty acids, docosahexaenoic acid, epi-
demiology, sleep disordered breathing, biomarkers

Citation: Ladesich JB; Pottala JV; Romaker A; Harris WS.
Membrane level of omega-3 docosahexaenoic acid is associ-
ated with severity of obstructive sleep apnea. J Clin Sleep Med
2011;7(4):391-396.

bstructive sleep apnea (OSA) affects 15 to 20 million Ameri-

cans, and, as shown in the Sleep Heart Health study, is associ-
ated with increased risk for cardiovascular mortality and morbidity.'
OSA is associated with a heightened inflammatory state,” with au-
tonomic dysfunction,® and with increased risk for sudden cardiac
death.* Interestingly, low blood and tissue levels of omega-3 FAs
(eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA])
are also associated with a heightened inflammatory state,>® with
autonomic dysfunction,” and with increased risk for sudden car-
diac death.'™" In addition, DHA in particular is a major structural
component of the brain, and low DHA intake is associated with a
variety of cognitive/behavioral endpoints such as the development
of attention in children,'? slowed learning,"* visual acuity,'* and pos-
sibly IQ." Exposure to lower omega-3 levels in utero is associated
with less mature sleep patterns in newborn babies. !¢ This nexus sug-
gests a possible biochemical link between omega-3 FA deficiency
and OSA. The purpose of this study was to determine the extent to
which OSA was associated with reduced omega-3 FA levels mea-
sured in a surrogate for tissue omega-3 levels, the RBC membrane.

METHODS

Subjects
All patients referred for routine sleep studies at Saint Luke’s
Hospital in Kansas City during 2007 were invited to participate

BRIEF SUMMARY

Current Knowledge/Study Rationale: Low tissue levels of omega-3
fatty acids may be part of the nexus of sleep disordered breathing, in-
flammation, autonomic dysfunction and cardiovascular disease. This
study was done to examine the extent to which RBC omega-3 fatty acids
were associated with the severity of OSA.

Study Impact: The demonstration of an inverse relationship between
RBC omega-3 DHA levels and the severity of OSA suggests that mem-
brane fatty acid composition could play a role in the etiology of the dis-
ease, and lays the groundwork for a clinical trial to determine if fish oil
supplementation could beneficially impact OSA.

in this study. Other than being willing to participate and to allow
leftover blood from blood gas assays to be used for omega-3
FA testing, there were no inclusion/exclusion criteria. Informed
consent allowing our team to utilize leftover blood from the
arterial blood gas sample was obtained from all patients. This
study was approved by the Institutional Review Board of Saint
Luke’s Hospital, and all subjects provided written, informed
consent prior to participating.

Obstructive apnea is the 10-sec cessation of airflow through the
naso-oropharynx during sleep with continued respiratory muscle
activity, and hypopnea (shallow breathing) is a 50% reduction in
airflow associated with a 3% to 4% drop in desaturation com-
pared to normal. The apnea-hypopnea index (AHI) is a measure
of severity that combines apneas and hypopneas and divides the
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Table 1—Baseline characteristics of subjects by sleep apnea severity?

Variable

Age (y), mean (SD) 50 (14)
Body mass index (kg/m?), mean (SD) 34 (8.5)
Male 122 (54)¢
Currently smoking 30 (13)
Fish oil supplement 67 (29)
Ethnicity -
African American 32 (14)
Caucasian 196 (86)
Alcohol consumption -
Rarely 98 (43)
Monthly 48 (21)
Weekly 51(22)
Daily 26 (11)
Fish meals per month -
None 75 (33)
Less than 1/week 86 (38)
At least 1/week 56 (25)
At least 2/week 11 (4.8)

None/Mild (n = 228)

Moderate (n = 70) Severe (n = 52) p-value®
58 (13) 54 (14) 0.0003
34(7.1) 37(9.1) 0.03
50 (71) 36 (69) 0.008
11 (16) 6 (12) 0.77
24 (34) 14 (27) 0.62

- - 0.47
9(13) 4(7.7) -
61(87) 48 (92) -

- - 0.55
29 (41) 24 (46) -
12(17) 9(17) -

12 (17) 10 (19) -

14 (20) 5(9.6) -
- - 0.15

24 (34) 23 (44) -

20 (29) 18 (35) -

20 (29) 7(13) -

6 (8.6) 3(5.8) -

aSample sizes: age, male, ethnicity, and BMI = 350; Smoking = 340: Supplements = 345; Alcohol = 338; Fish meals = 349. °One-way nonparametric ANOVA
and ¥? tests for continuous and categorical variables, respectively; “Log (BMI) was tested; “n (%) for all variables except age and BMI. Bolded values are

statistically significant.

total by the number of hours of sleep. We placed subjects into 3
categories based upon the AHI: (1) none/mild apnea (AHI 0-14),
(2) moderate apnea (AHI 15-34), and (3) severe apnea > 35."

Questionnaire

All patients filled out a questionnaire to assist with polysom-
nographic interpretation. To the original questionnaire, which
focused broadly on sleep patterns, the 2 following questions
were added to estimate omega-3 FA intake: “How many time in
a month do you have a serving (meal) of tuna or other non-fried
fish?” and “Do you take fish oil (omega-3) supplements?”

Laboratory Methods

Blood gases are routinely collected at the beginning of each
sleep study to correlate pulse oximetry data with direct mea-
surements. Blood was collected in heparin in a standard blood
gas syringe. After gas analysis, the remaining blood was sent
to the research lab for RBC FA analysis. The RBC pellet was
isolated by centrifugation, and an aliquot was frozen at —70°C.
RBC FAs were determined as previously described.'® Briefly,
an RBC aliquot was heated with boron trifluoride methanol
for 10 min at 100°C. After cooling, the fatty acid methyl esters
thus generated were extracted with hexane, and analyzed by
flame ionization gas chromatography. FAs were identified by
comparison with known standards, and their composition re-
ported as weight percent of total FA. The sum of EPA+DHA in
erythrocyte membranes is referred to as the “omega-3 index.”"”
Personnel analyzing the FAs were blind to apnea status.

Statistical Methods
During 2007, we were able to collect 377 usable samples
for this cross-sectional study. Due to limited numbers in some
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ethnic groups, 27 samples were excluded (i.e., Asians, Polyne-
sians, Hispanics, Native Americans, and no race given) which
resulted in Caucasians (n = 305) and African Americans (n
= 45) for statistical analyses. Alcohol consumption was cat-
egorized as rarely, monthly, weekly, or daily. Fish intake was
grouped as none, < 1/week, > 1/week, or > 2/week. Age and the
natural log transformation of BMI were normally distributed.
Smoking, gender, and fish oil supplement use were dichoto-
mous predictor variables. Differences in patient characteristics
and fatty acids across apnea severity levels were univariately
tested using Kruskal-Wallis test and y? test for continuous and
categorical data, respectively.

A polychotomous (i.c., 3 groups) logistic regression model
was used to predict the sleep apnea severity category from the
fatty acid measurements while controlling for patient charac-
teristics. The initial model included all 8 factors mentioned
above without any FAs. Then DHA and EPA (separately and
combined) were added to the model. A 2-sided critical level
of 0.05 was used to ascribe significance. LOWESS nonpara-
metric regression, and 95% confidence bands were used to
smooth the individual predicted probabilities as a function of
DHA levels.”

Additionally a lognormal regression model was used to de-
termine the amount of variance in DHA attributable to vari-
ability in the subject characteristics. Analyses were performed
using SAS software (version 9.2; SAS Institute Inc., Cary, NC).

RESULTS

Of the patient characteristics assessed, only age, BMI, and
male gender were associated with OSA severity (Table 1). Of
the RBC FAs, only DHA was significantly associated with OSA
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Table 2—Fatty acids (as % total FA) by sleep apnea severity level (N = 350)

Fatty Acids Structure None/Mild (n =228) Moderate (n = 70) Severe (n = 52) p-value?
Total saturated - 39 (38,40)° 39 (38,40) 40 (39,40) 0.06
Myristic acid C14:0 0. 35 (0.28,0.46) 0. 35 (0.29,0.45) 0. 32 (0.28,0.41) 0.28
Palmitic acid C16:0 21(20,22) 21(20,22) 21(20,23) 0.16
Stearic acid C18:0 18 (16,18) 17 (16,18) 17 (16,18) 0.91
Lignoceric acid C24:0 0. 38 (0.25,0.58) 0. 35 (0.24,0.58) 0. 33 (0.26,0.54) 0.53
Total monounsaturated - 15 (14,16) 15 (14,16) 15 (14,16) 0.13
Palmitoleic acid C16:1 0. 32 (0.22,0.44) 0. 31 (0.24,0.41) 0. 35 (0.23,0.54) 0.30
Oleic acid C18:1 14 (13,15) 14 (13,15) 14 (13,15) 0.10
Eicosenoic acid C20:1 0.16 (0.13,0.18) 0.15(0.13,0.18) 0.16 (0.13,0.19) 0.90
Nervonic acid C24:1 0. 38 (0.24,0.56) 0. 33 (0.23,0.54) 0. 32 (0.26,0.52) 0.64
Total trans unsaturated - 9(1.6,2.3) 9(1.6,2.5) 9(1.7,22) 0.62
trans Palmitoleic acid C16:1t 0 11 (0.09,0.13) 0. 10 (0.08,0.13) 0 11 (0.09,0.13) 0.59
trans Oleic acid Cc18:1t 6(1.3,1.9) 6(1.3,2.1) 5(1.3,1.7) 0.53
trans Linoleic C18:2t 0. 26 (0.21,0.32) 0. 26 (0.21,0.32) 0. 26 (0.21,0.31) 0.95
Total omega-3 polyunsaturated 4(6.6,9.1) .7(6.7,9.8) .8(6.0,8.4) 0.04
a-Linolenic acid C18:3 0. 20 (0.17,0.26) 0. 21 (0.17,0.26) 0. 20 (0.16,0.27) 0.90
Eicosapentaenoic acid (EPA) C20:5 0.53 (0.38,0.81) 0.56 (0.43,0.87) 0.51(0.42,0.77) 0.29
Docosapentaenoic acid C22:5 2.6(2.3,3.0) 2.8(24,3.0) 25(2.2.2.9) 0.34
Docosahexaenoic acid (DHA) C22:6 4.1(3.4,5.3) 45(3.3,5.8) 3.6(2.9,4.7) 0.03
Omega-3 Index (EPA+DHA) - 4 7(3.8,6.1) 4 9(3.8,6.7) 4 0(3.5,5.3) 0.04
Total n-6 polyunsaturated - 37 (35,38) 36 (34,38) 36 (34,38) 0.22
Linoleic acid C18:2 12 (11,13) 12 (10,13) 12 (11,13) 0.1
y-Linolenic acid Cc18:3 0.11 (0.09,0.14) 0.10 (0.08,0.14) 0.11 (0.09,0.14) 0.49
Eicosadienoic acid C20:2 0. 24 (0.21,0.26) 0. 23 (0.21,0.25) 0. 23 (0.21,0.25) 0.40
Eicosatrienoic acid C20:3 6(1.3,1.9) 5(1.3,1.7) 4(1.31.8) 0.37
Arachidonic acid C20:4 17 (16,19) 17 (16,19) 17 (17,18) 0.93
Docosatetraenoic acid C22:4 .0(3.34.5) 7(3.14.4) 3(3.7,4.5) 0.06
Docosapentaenoic acid C22:5 0. 74 (0.57,0.87) 0. 70 (0.52,0.84) 0. 74 (0.65,0.85) 0.23

30One-way nonparametric ANOVA test; ®"Median (Interquartile range). Bolded values are statistically significant.

severity, and because of its major contribution to the omega-3
index, the latter was also associated with severity (Table 2).
The likelihood of having severe compared with none/mild OSA
was reduced by 53% (odds ratios [95% CI] = 0.47 [0.28 to 0.80]
for each 1-SD increase in DHA levels (Table 3). The likelihood
of severe compared with moderate OSA was reduced by 45%
(0.55 [0.31 to 0.99]). The adjusted model predicts that about
17% of women with a RBC DHA level of 2.5% would have
severe OSA, but as the DHA level rises to about 7%, the preva-
lence decreases to around 4%. For men, the estimated preva-
lences were 27% for those with a low RBC DHA and only 6%
for those with a high DHA (Figure 1).

The factors influencing DHA were explored (after natural log
transformation of the latter to improve model assumptions). The
variability in the 8 patient characteristics explained 38% of the
variability in DHA, most of which (30%) was explained by fish
intake and fish oil supplementation. The significant direct mul-
tiplicative factors were age (1.03 per 5 years, p < 0.0001), be-
ing African American (1.14, p = 0.009), fish intake (up to 1.10,
p = 0.03), and taking fish oil supplements (1.39, p < 0.0001).
The only significant inverse association with DHA was that
with smoking (0.88, p = 0.006).

DISCUSSION

Based upon several similar links to cardiovascular disease
risk, we hypothesized that an inverse relationship would ex-
ist between OSA severity and RBC DHA levels. Our findings
support this hypothesis. For every 1-SD increase in RBC DHA,
there was an approximately 50% reduction in the likelihood of
having severe OSA.

A large body of epidemiological studies supports the view that
omega-3 fatty acids reduce risk for cardiovascular disease, and
specifically for sudden cardiac death.?** Siscovick et al. showed
that patients with an omega-3 index of 3.3% were about 3 times as
likely to have had a primary cardiac arrest as those with an ome-
ga-3 index of 5.0%." Risk for sudden cardiac death was about 10
times as high in Physicians’ Health Study participants who had a
baseline omega-3 index of 3.6% as those with an index of 6.9%.'°
The reduced atherosclerotic burden seen in Japanese subjects ap-
pears to be due to their higher intake of omega-3 fatty acids.”®
Three major (N > 6000 patients) randomized controlled trials with
omega-3 fatty acids have shown significant reductions in either
total mortality*** or major adverse cardiac events.”® Hence, high-
er tissue levels of omega-3 fatty acids are cardioprotective.
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Table 3—0Odds ratios from the polychotomous logistic regression model (N = 3342)

Overall Moderate vs. None/mild Severe vs. None/mild Severe vs. Moderate
Variable p-value (95% Cl) (95% Cl) (95% Cl)

Age per 5 yrs <0.0001 1.34 (1.18 to 1.52) 1.30 (1.12 to 1.51) 0.97 (0.82 to 1.16)
Log(BMI) [kg/m?] per 1 SD 0.0001 1.42 (0.99 t0 2.02) 2.40 (1.58 to 3.63) 1.69 (1.04 to 2.74)
Male 0.0004 1.62 (1.16 to 2.27) 1.96 (1.30 to 2.94) 1.21(0.75t0 1.93)
Currently smoking 0.36 1.35(0.89 to 2.06) 1.15(0.69 to 1.91) 0.85(0.48 to 1.49)
Fish oil supplement 0.46 0.84 (0.59 t0 1.18) 0.82 (0.55 to 1.23) 0.98 (0.62 to 1.57)
African American 0.45 0.98 (0.62 to 1.56) 0.68 (0.38 t0 1.24) 0.70 (0.36 to 1.37)
Alcohol consumption 0.94 b b b

Fish meals per month 0.41 b b b

Each fatty acid below was individually added to the above model (effects are for a 1 SD increase)

Docosahexaenoic acid (DHA) 0.02 0.85(0.59t0 1.22) 0.47 (0.28 to 0.80) 0.55 (0.31 to 0.99)
Eicosapentaenoic acid (EPA) 0.42 1.15(0.83 to 1.59) 0.77 (0.42 to 1.40) 0.67 (0.36 to 1.25)
Omega-3 Index (EPA+DHA) 0.04 0.91(0.63t0 1.32) 0.48 (0.27 to 0.85) 0.53 (0.29 to 0.97)

2Although fatty acid data were available for all 350 subjects, complete data for regression modeling were available for 334. °Odds ratios not listed since overall
effect was not significant, and these 2 variables each had 4 levels. Bolded values are statistically significant.

Figure 1—Predicted probabilities of having severe sleep
apnea based on 8 patient characteristics and the level of
DHA (as a % of total fatty acids in RBC)

Female Male
50% - |

40% -
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20% -
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DHA (% of total fatty acids)
Grouped by gender using LOWESS smoothing with 95% confidence band

(shaded). The 5" and 95" percentiles are indicated with solid and dashed
vertical lines, respectively.

The link between low omega-3 FA levels and sudden cardiac
death is particularly strong, and suggests effects on electrical
signaling and membrane stability. One of the proposed mech-
anisms by which these FAs operate is by altering autonomic
tone. Higher intakes of omega-3 FAs or higher blood levels are
both associated with reduced heart rate and increased heart rate
variability. In addition, low omega-3 FA blood levels or dietary
intakes have been associated with neuropsychiatric conditions
such as depression, bipolar disorder, mood, and even increased
risk for dementia.””?* Since OSA is also associated with in-
creased risk for sudden cardiac death,'®" depression,* cogni-
tive decline,* and metabolic disorders,* a link with omega-3
FA status may exist.
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A relation between DHA status and sleep disturbances was
also reported by Cheruku et al. who studied sleep patterns in
newborn babies delivered from 17 women as a function of
plasma phospholipid DHA levels.'® They found that babies
born to mothers with DHA levels above the median (above 3%
of total phospholipid FAs) had more mature sleep wake cycles
than those born to mothers with lower DHA levels. The authors
indicated that more mature sleep patterns suggested more ma-
ture central nervous system development. While sleep patterns
early in life may have little direct relations with the pathology
associated with OSA in adults, these findings, at the very least,
suggest that DHA levels may influence sleep physiology.

A low DHA could be a cause, a consequence or coincidental
to OSA severity. Because DHA is a major constituent in neu-
ral membranes and has been shown to alter neuronal signaling
pathways,* changes in DHA levels could have pathophysiolog-
ical consequences. Recently, Laville et al. reported that ham-
sters raised on an omega-3 FA deficient diet had higher diurnal
and nocturnal locomotor activities that were associated with
decreased levels of pineal melatonin during the dark phase and
with increased levels of dopamine and its metabolites in the
striatum. They concluded that omega-3 FA deficiency dimin-
ished melatonin rhythms, weakened endogenous functioning
of the circadian clock, and thereby produced nocturnal sleep
disturbances. Indeed, fatty acid metabolites (prostaglandin D2,
anandamide, and 2-arachidonyl glycerol) are known to play a
role in regulating the wake-sleep cycle.** Nevertheless, the ex-
tent to which RBC DHA levels directly reflect pineal and stria-
tal DHA levels, and how variations in brain DHA could directly
contribute to OSA are not clear. Alternatively, it is theoretically
possible that lower levels of omega-3 fatty acids in neuronal
tissues could destabilize the upper airway innervation, muscu-
lature, and feedback control systems.

DHA status and OSA severity may be only coincidentally
related, not causally. Since we found no difference in supple-
ment use or oily fish intake across the spectrum of OSA sever-
ity, the reduced levels of DHA were probably not the result of a
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lower omega-3 FA intake (although our relatively crude assess-
ment tool, the generally very low intakes and the small sample
size might have prevented us from detecting such relations).
Smoking was unrelated to OSA severity in our study but was
inversely associated with DHA levels as we reported in another
cohort.* Increasing age was a risk factor for severe OSA in this
analysis, and RBC omega-3 levels have also been related to
age.’*’7 However, age and omega-3 levels are directly related,
and thus the inverse association between DHA levels and odds
for severe OSA observed here was not confounded by age. Obe-
sity is a risk factor for OSA,*® and obesity has been associated
with reduced RBC omega-3 status.*® The latter relations are
postulated to be secondary to increased peroxidation of RBC
membrane FAs. It is thus possible that increased membrane FA
oxidative damage could be a common thread tying together low
omega-3 FA status, OSA, obesity, and CVD. However, in our
study, the relations between the severity of OSA and RBC DHA
levels were independent of body mass index (interaction p =
0.22), and therefore it seems unlikely that these relations were
mediated by a common connection with obesity.

Partinen et al. found that untreated OSA patients were 4.9
times as likely to die from cardiovascular disease as those who
had undergone tracheostomy.** Others have reported that risk
for death is 3 times as high in those with OSA as controls.*!
Andreas et al. reported that over half of patients with coronary
disease had OSA.** Increased odds ratios for coronary disease
were also seen in patients with OSA in the Sleep Heart Health
Study.* The underlying mechanisms are unclear at this time,
but OSA is associated with hypertension,** a prothrombotic
state,***® and chronic inflammation.? There is also an associa-
tion of OSA with susceptibilities to cardiac arrhythmias.*-5

In conclusion, our study is the first to examine the relations
between sleep disordered breathing and omega-3 FA levels.
We found an independent, inverse relation between RBC DHA
levels (and the Omega-3 Index) and the severity of OSA. It is
tempting to hypothesize that the increased risk of CHD death
associated with OSA could be at least partially explained by
the lower tissue levels of omega-3 FAs in this patient popula-
tion. Future studies should examine the possibility that dietary
supplementation with omega-3 fatty acids might not only re-
duce risk for CHD, but could conceivably even improve OSA
symptomatology.
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