An Official American Thoracic Society Research Statement: Impact of Mild
Obstructive Sleep Apnea in Adults

Online supplement

Authors: Susmita Chowdhuri, Stuart F. Quan, Fernanda Almeida, Indu Ayappa, Salma
Batool-Anwar, Rohit Budhiraja, Peggy E. Cruse, Luciano F. Drager, Barbara Griss, Nathaniel
Marshall, Sanjay R. Patel, Susheel Patil, Shandra L. Knight, James A. Rowley, Alison Slyman
on behalf of the ATS Ad Hoc Committee on Mild Obstructive Sleep Apnea.
Table of Contents

MEDLINE Search Strategy: prognosis studies (PICO 1 and 3)
MEDLINE Search Strategy: therapy studies (PICO 2 and 4)
Detailed evidence tables for PICO 1,2,3 and 4
Flow Chart of Search Results ‐ PRISMA diagram
Table E1. OSA Prognosis Studies Medline Strategy

1. sleep apnea, obstructive/ or (sleep adj3 (apneic or apn?ea$) adj3 obstruct$).tw.
2. ((Sleep adj3 disorder$ adj3 breath$) and obstruct$).tw.

3. (obstruct$ adj3 (apn?ea$ or apneic or hypersomni$ or hypopn?ea$ or hypercapni$ or
hypoxi$ or hypoventilat$ or polycythemi$)).tw.
4. (osa or osah or osahs or sahs).tw.

5. sleep apnea syndromes/ and (mixed or obstruct$).tw.

6. (obesity hypoventilation syndrome/ or (obes$ adj hypoventilat$ adj syndrome$).tw. or
pickwickian$.tw.) and (mixed or obstruct$).tw.
7. Snoring/ or (snore$ or snoring$).tw.

8. or/1-7 [OSA]

9. ..l/ 8 lg=en or ab=y

10. limit 9 to human
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11. limit 10 to animals

12. 9 not 10 not 11 [not indexed with human or animal]

13. 10 or 12 [indexed with human or not indexed]

14. limit 13 to "all child (0 to 18 years)"

15. limit 13 to "all adult (19 plus years)"

16. 13 not 14 not 15 [not indexed with age]

17. 15 or 16 [OSA Adult or not Indexed]

18. epidemiologic studies/ or case-control studies/ or retrospective studies/ or cohort studies/
or longitudinal studies/ or follow-up studies/ or prospective studies/ or cross-sectional
studies/ or incidence/ or mortality/ or "cause of death"/ or fatal outcome/ or hospital
mortality/ or mortality, premature/ or survival rate/ or disease progression/ or
Comorbidity/ or risk/ or risk factors/

19. (prognos$ or risk$ or predict$ or cohort$ or mortalit$ or between group$).tw.
20. 17 and 18

21. 17 and 19

22. 20 or 21

23. limit 22 to (comment or editorial or interview or lectures or letter or patient education
handout)
24. 22 not 23

E2

Table E2. OSA Therapy Studies Medline Strategy
1. sleep apnea, obstructive/ or (sleep adj3 (apneic or apn?ea$) adj3 obstruct$).tw.
2. ((Sleep adj3 disorder$ adj3 breath$) and obstruct$).tw.

3. (obstruct$ adj3 (apn?ea$ or apneic or hypersomni$ or hypopn?ea$ or hypercapni$ or
hypoxi$ or hypoventilat$ or polycythemi$)).tw.
4. (osa or osah or osahs or sahs).tw.

5. sleep apnea syndromes/ and (mixed or obstruct$).tw.

6. (obesity hypoventilation syndrome/ or (obes$ adj hypoventilat$ adj syndrome$).tw. or
pickwickian$.tw.) and (mixed or obstruct$).tw.
7. Snoring/ or (snore$ or snoring$).tw.
8. or/1-7 [OSA]

9. ..l/ 8 lg=en or ab=y
10. limit 9 to human

11. limit 10 to animals

12. 9 not 10 not 11 [not indexed with human or animal]

13. 10 or 12 [indexed with human or not indexed]

14. limit 13 to "all child (0 to 18 years)"

15. limit 13 to "all adult (19 plus years)"

16. 13 not 14 not 15 [not indexed with age]

17. 15 or 16 [OSA Adult or not Indexed]

18. positive-pressure respiration/ or continuous positive airway pressure/ or intermittent
positive-pressure breathing/ or intermittent positive-pressure ventilation/

19. (Continuous Positive Airway Pressure$ or (nppv or cpap or ncpap or aprv)).tw.

20. ((positive or airway$) adj2 pressure$).tw.

21. or/18-20 [CPAP]

22. 17 and 21 [OSA + CPAP]

23. Weight Loss/ or Diet Therapy/ or (diet$2 or dietary or dieting).tw.
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24. (weigh$ adj3 (loss$ or lose$1 or losing or lost or less)).tw.

25. exp Adipose Tissue/ or body fat distribution/ or adiposity/ or body mass index/ or body
size/ or body weight/ or overweight/ or obesity/ or obesity, morbid/ or waist
circumference/ or skinfold thickness/ or waist-hip ratio/
26. ((body adj3 (fat or mass or size$ or weigh$)) or (bmi$ or overweigh$ or obes$ or
adipos$)).tw.
27. or/23-26 [Weight Loss]

28. 17 and 27 [OSA + Weight Loss]

29. orthodontics/ or orthodontic appliances/ or occlusal splints/ or orthodontic appliances,
functional/ or activator appliances/ or orthodontic appliances, removable/ or orthodontic
brackets/ or orthodontic retainers/ or orthodontic wires/ or dental prosthesis/ or crowns/
or dental abutments/ or dental clasps/ or dental implants/ or dental implants, single-tooth/
or dental prosthesis, implant-supported/ or dental restoration, permanent/ or dental
restoration, temporary/ or dentures/ or denture, complete/ or denture, complete,
immediate/ or denture, complete, lower/ or denture, complete, upper/ or denture, partial/
or denture, partial, fixed/ or denture, partial, immediate/ or denture, partial, removable/ or
denture, partial, temporary/ or denture precision attachment/ or inlays/ or palatal
obturators/

30. (orthodontic$ or applianc$ or splint$ or brace$1 or bracket$ or retainer$ or wire$ or
prosthe$ or device$ or splint$ or denture$ or clasp$2 or crown$2 or inlay$2).tw.
31. 29 or 30 [Oral Appliance]

32. 17 and 31 [OSA + Oral Appliance]

33. oral surgical procedures/ or apicoectomy/ or gingivectomy/ or gingivoplasty/ or
glossectomy/ or jaw fixation techniques/ or mandibular advancement/ or maxillofacial
prosthesis implantation/ or mandibular prosthesis implantation/ or oral surgical
procedures, preprosthetic/ or alveolar ridge augmentation/ or alveolectomy/ or
alveoloplasty/ or dental implantation/ or dental implantation, endosseous/ or blade
implantation/ or dental implantation, endosseous, endodontic/ or immediate dental
implant loading/ or dental implantation, subperiosteal/ or vestibuloplasty/ or tooth
extraction/ or serial extraction/ or tooth replantation/
34. otorhinolaryngologic surgical procedures/ or adenoidectomy/ or laryngectomy/ or
laryngoplasty/ or laryngoscopy/ or nasal surgical procedures/ or rhinoplasty/ or neck
dissection/ or pharyngectomy/ or pharyngostomy/ or tonsillectomy/

35. (surgical$ or surger$ or dental$).mp.

36. (apicoectom$ or gingivectom$ or gingivoplast$ or glossectom$ or adenoidectom$ or
laryng$ or rhinoplast$ or pharyng$ or tonsillectom$ or tracheostom$ or tracheotom$ or
septoplast$ or polypectom$).tw.
37. ((prosthe$ or dental$ or orthodont$ or blade$ or tooth or teeth) adj3 (implant$ or
replant$)).tw.
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38. (vestibuloplast$ or alveolectom$ or alveoloplast$).tw.
39. ((alveol$ ridge or sinus floor) adj3 augment$).tw.

40. ((le fort or sagittal split ramus) adj3 osteotom$).tw.
41. ((tooth or serial or teeth) adj3 extract$).tw.

42. ((maxill$ or genioglos$ or palat$ or mandib$) adj3 advanc$).tw.

43. ((neck adj3 dissect$) or (jaw adj3 fixat$) or (palat$ adj3 implant$) or (pillar adj3
procedur$) or (nasal adj3 reduc$) or (palat$ adj3 obdurat$) or (dental adj3 restor$)).tw.

44. ((radiofrequency adj3 (ablat$ or reduc$)) or (RFA or RFAP or RFTVR or TCRFTA)).tw.
45. (uvulopalato$ or UPPP or LAUP).tw.

46. su.fs.

47. or/33-45 [Surgery]

48. 17 and 47 [OSA + Surgery]

49. 22 or 28 or 32 or 48 [OSA + (CPAP or Weight Loss or Oral Appliance or Surgery)]
50. clinical trial$.mp.

51. random$.mp.

52. tu.xs.

53. or/50-52 [Clinical Queries Sensitive RCT hedge]
54. review$.pt.

55. (medline or medlars or embase or pubmed or cochrane or scisearch or psychinfo or
psycinfo or psychlit or psyclit or cinahl).tw,sh.

56. ((hand or manual$) adj2 search$).tw,sh.

57. ((electronic$ or bibliograph$ or computer$ or online$) adj database$).tw,sh.

58. (pooling or pooled or mantel haenszel or peto or dersimonian or der simonian or fixed
effect).tw,sh.
59. (retraction of publication or retracted publication).pt.

60. or/55-59

61. 54 and 60

62. meta-analysis.pt.

63. (meta-analys$ or metaanalys$).tw,sh.
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64. (systematic$ adj5 review$).tw,sh.

65. (systematic$ adj5 overview$).tw,sh.
66. (quantitativ$ adj5 review$).tw,sh.

67. (quantitativ$ adj5 overview$).tw,sh.

68. (quantitativ$ adj5 synthes$).tw,sh.

69. (methodologic$ adj5 overview$).tw,sh.

70. (methodologic$ adj5 review$).tw,sh.

71. (integrat$ research review$ or research integrat$).tw.
72. or/62-71

73. 61 or 72 [BMJ Clinical Evidence SR hedge]

74. guideline$.pt.

75. practice guideline$.tw.

76. 74 or 75 [practice guidelines]
77. 53 or 73 or 76
78. 49 and 77
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Table E3. Studies pertinent to the question: Does mild OSA in comparison to absence of OSA
contribute to adverse long-term neurocognitive outcomes such as daytime sleepiness, poor
attention/memory loss, motor vehicle accidents, and poor quality of life?
Author/

Study Type

Participants*

Event
Identification
Methodology

Major Results*

Agha,
2014(1)

Crosssectional

Clinic Sample;
Obese Control 10
(mean age:
52.80±8.40
years); 29 OSA
(mean age:
53.34±11.53
years). “Mild”
OSA N=8; mild
AHI= 9.31±2.63

Hypopneas
identified using
nasal pressure
catheter and
thermistor;
Defined using
30% decline in
nasal
pressure+4%
desaturation or
50% decline in
nasal
pressure+3%
desaturation

Obese Control ESS: 3.40±1.64;
mild OSA: 10.25±1.28;
moderate OSA: 12.66+1.0;
severe OSA: 13.08+1.56; p<0.001
by ANOVA

Balsevicius,
2012(2)

Crosssectional

Clinic Sample:
Total 74 (mean
age: 41.83±11.01
years); mild OSA
N=32; snorers
N=20 from ENT
clinic

Hypopnea
identification
method not
provided; Defined
using 50%
decline+3%
desaturation or
an arousal

No significant differences in selfreported sleepiness, ESS, SAQLI
or BDI among snorers, mild,
moderate OSA.

Year
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Baldwin,
2001(3)

Crosssectional

Total 5816
subjects from a
general
population,
(mean ages men:
64.2±10.6 years;
women:
66.6±10.8years),
number in mild
OSA subgroup not
provided

Hypopnea
identification
using a
thermistor;
Defined using
30% decline in
thermistor and
4% oxygen
desaturation

Mild OSA was associated with
reduction in vitality on SF36 (OR
1.2; 95%CI: 1.02-1.43) but not
for overall QOL.

BatoolAnwar,
2014(4)

Crosssectional

Total 61 subjects
from a sleep clinic
(mean age: 46±15
years); mild OSA
N=19, no OSA
N=18

Hypopneas
identified with a
thermistor and
nasal pressure
catheter; Defined
using a 50%
decline in airflow
and 3%
desaturation or
arousal

No differences in PVT parameter
among categories of OSA.

Cui,
2008(5)

Crosssectional

3523 female
subjects (mean
age: 46±15 years)
from an urban
community
population, mild
OSA N=619

Events identified
with only pulse
oximetry and
defined as the
number per hour
with a 3%
desaturation
(ODI3%)

Higher OR (95%CI) for excessive
daytime sleepiness in those with
ODI3% 5-9: 1.9 (1.2-3.0) and
ODI3% 10-14: 2.2 (1.0-4.6)

Duran,
2001(6)

Crosssectional

Age 30 to 70,
white, AHI 5-14.9,
mild OSA N=115
from a general
community
population

Hypopnea
identified by
nasal and oral
thermistor;
defined as 50%
reduction in
airflow and >4%
desaturation
and/or an
arousal.

Daytime hypersomnolence, OR
1.37 (95% CI 0.6 to 3.3)
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Franklin,
2013(7)

Crosssectional

Total 400 females
(weighted mean
48 years; 95% CI:
46–49) from the
general
population;
number in mild
OSA subgroup not
provided

Hypopneas
identified with a
thermistor and
nasal pressure
catheter; defined
using a 50%
decline in airflow
and 3%
desaturation or
arousal

Percentage of females with ESS
>10 not greater in mild OSA

Gottlieb,
2000(8)

Crosssectional

5,777 subjects
(mean age: 64±11
years) from a
general
population
cohort, mild OSA
N=1672

Hypopnea
identification
using a
thermistor;
Defined using
30% decline in
thermistor and
4% oxygen
desaturation

RDI trend for ESS Score and %
with ESS > 11 are significant, but
no comparison of mild (ESS=7.8)
to no OSA (ESS=7.1).

244 randomly
selected truck
drivers (mean
age: 47.8+9.3
years), mild
N=OSA 36

Hypopnea
identification
using nasal
pressure; Defined
using 50%
reduction in nasal
pressure lasting
at least 10
seconds or a clear
reduction of less
than 50% in
association with a
fall in oxygen
saturation of 3%
or an arousal

Significant trend for ESS to
increase with OSA severity, but
no comparison of no OSA
(ESS=6.8) and mild OSA
(ESS=7.4)

191 Snorers from
a clinic population
(mean age:
48.1±9.8 years),
mild OSA N=30
(mean age:
47.8±9.5 years)

Hypopneas
identified using a
thermistor;
Defined using
50% decline in a
thermistor and
4% oxygen
desaturation

Linear increase (p<0.001) in ESS
from no OSA (ESS=7.2+4.3)
through mild (9.6+5) and severe
OSA (12.6+4.1), but no specific
comparison of mild OSA vs. no
OSA.

Howard,
2004(9)

Ibrahim,
2007(10)

Crosssectional

Crosssectional

Data is irrespective of snoring
status.

No relationship between AHI
and accident risk (OR 0.82, 95%
CI 0.15–3.57 for change in RDI of
1 SD)
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Isodoro,
2013(11)

Crosssectional

198 subjects from
a sleep clinic
(mean age 52.7 ±
12.8 years); mild
OSA N= 37, no
N=OSA 30

Hypopnea
identification
method not
provided; Defined
as discernible
reductions in
airflow or
thoracoabdominal
movements and
desaturation >3%

No difference in Psychological
General Well-Being Index
(PGWBI) global or subscales by
severity class; AHI inversely
associated with SF-12, but no
comparison between OSA
severity categories.
Regression adjusted for age, BMI
and ESS

Ishman,
2010(12)

Crosssectional

53 participants
from an ENT clinic
(mean age, range:
47.4, 24–72
years), mild
OSAN=15,
controls N=51

Hypopnea
methodology and
definition not
provided

No difference between mild OSA
and snorers with respect to BDI
and ESS.

Kasai,
2010(13)

Crosssectional

50 males; mild
OSA N=23 (mean
age: 51.0 +11.3
years), controls
N=25 (mean age
50.9+12.4 years)

Hypopnea
methodology and
definition not
provided; Citation
to AASM 1999
report

ESS greater in mild vs. no OSA;
6.6+4.5 vs. 10.0+5.1; p<0.05

Kezerian,
2007(14)

Crosssectional

461 elderly
females from the
general
population (mean
age: 82.9±3.5
years); mild OSA
N=178, control
N=153

Hypopneas
identified using
nasal pressure
catheter and
thermistor;
Defined as a 30%
reduction in
respiratory
sensors and 3%
oxygen
desaturation

Weak relationship of ESS to AHI
on multivariate regression
(β=0.44, 95%CI: 0.10-0.78); No
relationship with FOSQ; tertile
analysis without specific
comparisons among tertiles.
Regression adjusted for age,
race, BMI, physician-diagnosed
depression and self-reported
health.
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Kezirian,
2009(15)

Kinoshita,
2012(16)

Crosssectional

Crosssectional

2849 elderly
males (mean age:
76.4± 5.5 years)
from the general
population, mild
OSA N=949,
control N=948

Hypopneas
identified using
nasal pressure
catheter and
thermistor;
Defined as a 30%
reduction in
respiratory
sensors and 3%
oxygen
desaturation

Weak relationship of ESS to AHI
on multivariate regression (β
=0.18, 95%CI: 0.04-0.32); No
relationship with FOSQ; Tertile
analysis without specific
comparisons among tertiles.

Vietnam-era
veterans (mean
age 61.3±4.0
years, 100%
male); mild OSA
N=33; recruited
from the general
community

Unattended PSG,
Hypopnea
identified by
nasal and oral
thermistor and
nasal air pressure
transducer ;
defined as 50%
reduction in
airflow and >3%
desaturation

Test of auditory learning and
memory - Rey Auditory Verbal
Learning Test (RAVLT)-Word
mild OSA vs. no-OSA group
significant difference in mean
RAVLT scores 44.7±7.5 vs.
41.7±8.4

Regression adjusted for age,
race, BMI, Geriatric Depression
Scale, Goldberg Anxiety Scale,
Self-reported Health.

No significant difference
between groups for the ColorWord Interference Test (CWIT).

Lecube,
2010(17)

Crosssectional

88 morbidly
obese
premenopausal
women (mean
age: 38.3±8.1)
undergoing
bariatric surgery
evaluation, mild
OSA N=25, no
OSA N=22

Hypopneas
identified using a
nasal pressure
catheter; Defined
as a 50%
reduction in nasal
pressure catheter
and 3% oxygen
desaturation

No difference in ESS between
Mild OSA and no OSA.

Lopes,
2008(18)

Crosssectional

Adults > 18 years
from sleep clinic;
mild OSA N=506
(mean age: 45±12
years), no OSA
N=508 (mean age:
40±12 years)

Hypopneas
identified using
nasal pressure
catheter and
thermistor;
Definition not
provided

AHI <5 ESS: 10.54+5.37 vs. AHI 515: 10.22+5.17; p=NS
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Mason,
2011(19)

Crosssectional

127 subjects from
an aortic
aneurysm register
(mean age: 67.9
+6 years); mild
OSA N=43, no
OSA N=47

Hypopneas
identified using
nasal pressure
catheter; Defined
as a 50%
reduction in nasal
pressure catheter
and 4% oxygen
desaturation

No association of ESS with AHI.

Minoguchi,
2005(20)

Case Control

36 men with OSA,
obese controls
N=16 (mean age:
48.6+3.9 years);
mild OSA N=13
(mean age:
46.5+3.8 years
[SE]); sample
source not
provided

Hypopnea
methodology and
definition not
provided

ESS in mild OSA>than obese
controls; 10.4+1.4 vs. 7.8+1.1,
p<0.01

Minoguchi,
2007(21)

Crosssectional

50 obese males
with OSA, mild
(n=26, mean age:
47.6 +1.9 [SE]
years)
moderate/severe(
N=24; mean age:
50.5+1.7 years)
and matched
controls N=15
(mean age:
48.5+3.1 years);
sample source
not provided

Hypopnea
methodology and
definition not
provided

ESS in mild OSA>than obese
Controls; 9.7+0.7 vs. 7.7+0.4,
p<0.05

Mulgrew,
2008(22)

Crosssectional

783 subjects
referred for
suspected sleep
disordered
breathing (mean
age: 49.9±11.6
years); mild OSA
N=235, controls
N=140 matched
by age, sex, driver
license type and

Hypopneas
identified using
oronasal flow
canula; Defined
as a 50% decrease
in airflow or a
clear but lesser
decrease in
airflow if
associated with
either a 3%

MVA risk increased in mild (RR:
2.6, 95%CI 1.7-3.9); No
differences in ESS between mild
OSA and no OSA.
Regression adjusted for AHI
group, ESS, BMI, gender, age,
kilometers driven and use of
alcohol, sedatives or caffeine.

E12

residence

desaturation or
an arousal

Nazzaro,
2008(23)

Crosssectional

Age 52±8 years;
mild OSA N=33,
no OSA N=32;
recruited from a
hypertension
clinic

Hypopnea
identified by
nasal and oral
thermistor;
defined as 2/3
reduction in
airflow with ≥3%
desaturation or
awakening

No significant difference in ESS
between mild OSA and no OSA
groups. But severe OSA had
significantly higher ESS
compared with mild OSA
(13·46±5·33 vs. 9·93±5·24,
p<0.01).

Peppard,
2006 (24)

Mixed crosssectional and
longitudinal
analyses

1408 subjects
from a general
population
sample; mild OSA
mean age 53
years, range 3173, [PSG N=405];
no OSA mean
age: 46 years,
range: 30-63 [PSG
N=140]

Hypopneas
identified using
nasal pressure
catheter and oral
and nasal
thermistor and
RIP; defined as an
discernible
reduction in the
sum amplitude of
the rib-cage plus
the abdominal
excursions on
respiratory
inductance
plethysmography
and with 4
percent
desaturation

Mild OSA associated with Zung
Score >50 (adjusted OR=2.0, 95%
CI:1.4-2.9);

Hypopneas
identified using a
thermistor and
nasal pressure
canula; Defined if
there was a 50%
decrease in nasal
pressure signal or
a clear reduction
in nasal pressure
associated with
either a 3%
desaturation or

No correlation between ESS and
any of a large number of
neurocognitive tests, adjusted
for demographics, sleep
architecture, oxygen
desaturation.

Quan,
2011(25)

Crosssectional
analysis of
RCT at
baseline

1204 subjects
recruited from
sleep clinics and
the community
(mean age: 50.7
+12.6 years);
N=92 with AHI<10
and N=144 with
AHI 10-15

Regression adjusted for age,
body mass index,
antihypertensive medication
use, education, history of
cardiovascular disease, usual
alcoholic beverage consumption,
physical exercise habits, and
intrasubject correlation owing to
the use of multiple studies per
participant.
Longitudinal association of
change in AHI severity category
with change in depression status
was significant (OR-1.8, 95% CI:
1.3-2.6), but no data on mild
OSA.
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an arousal
Quan,
2014(26)

Crosssectional
analysis of
RCT at
baseline

239 subjects
recruited from
sleep clinics and
the community;
mild OSA N=199
(47.1+13.1 years),
no OSA N=40
(mean age:
42.1+15.1 years)

Hypopneas
identified using a
thermistor and
nasal pressure
canula; Defined if
there was a 50%
decrease in nasal
pressure signal or
a clear reduction
in nasal pressure
associated with
either a 3%
desaturation or
an arousal

No differences between No OSA
and Mild OSA on ESS, SSS, HAMD, POMS, SAQLI.

Ronksley,
2009(27)

Crosssectional

2149 subjects
with OSA referred
for sleep testing
(mean age:
50.1+12.9 years),
mild OSA N=738,
no OSA N=432

Hypopneas
identified using a
nasal pressure
catheter; Defined
if there was a
30% reduction in
thoracoabdomina
l movement or
airflow and
associated with
4% oxygen
desaturation

ESS increased with OSA severity
per analysis, but means of mild
vs. no OSA were not compared,
but also do not appear different;
ESS no OSA: 10.9 (5.1) vs. mild
OSA 10.7 (5.3).

Samson,
2012(28)

Crosssectional
retrospective
chart review;
clinic sample

Total subjects;
596 Veterans who
had undergone
PSG (Mean age:
56.0+11.6 years),
mild OSA N=136,
moderate OSA
N=105

Hypopneas
identified using a
nasal/oral
thermocouple;
Defined as 30%
reduction in
airflow and a 4%
oxygen
desaturation

ESS was not statistically higher in
mild OSA vs. no OSA; no OSA:
11.5 (5.7), mild OSA: 12.2 (5.1).

Serafini,
2000(29)

Crosssectional

66 bariatric
surgery patients
(mean age: 43 ±
9.5 years [SE]),
mild OSA N=13

Hypopnea
methodology and
definition not
provided

No correlation of AHI with ESS.
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Sharkey,
2013(30)

Crosssectional

Total subjects:
296 bariatric
surgery patients
(mean age:
42.0±9.5 years),
mild OSA N=97,
moderate/severe
OSA N=158

Hypopneas
identified using a
nasal pressure
catheter and
oral/nasal
thermistors;
Defined as 50%
decrease in nasal
pressure and 3%
oxygen
desaturation or
arousal

No changes in ESS according to
OSA severity.

Shiomi,
2002(31)

Crosssectional
retrospective
chart review

Total subjects:
554 from a sleep
center (mean age
49.2±14.3 years),
mild OSA: N=155;
snorers:
N=106;moderate/
severe OSA:
N=293

Hypopnea
methodology and
definition not
provided

Motor vehicle accidents:
Snorers: 3.8%
Mild OSA: 5.8%
Mod OSA: 9.9%
Severe OSA: 11.0%
P<0.05 snorers vs. severe OSA
only

Svensson,
2008(32)

Crosssectional

400 women from
a general
population with
oversampling of
snorers (mean
age: 50+11 years);
mild OSA N=128

Hypopneas
identified using
nasal pressure
catheter; Defined
as a 50%
reduction in the
airflow with an
arousal or ≥ 3%
oxygen
desaturation

In comparison to AHI<5, mild
OSA not related to ESS,
excessive daytime sleepiness,
falling asleep involuntarily
during the daytime or daytime
fatigue.

Not applicable

Non significant trend toward
greater severity of the AHI
among individuals with OSA who
crashed.

Tregear,
2009(33)

Meta analysis Not provided
of motor
from 3 studies
vehicle crash included
risk

Adjusted for Age, BMI, habitual
snoring, smoking, total sleep
time, percentage of REM sleep,
and percentage of slow-wave
sleep.

E15

Utriainen,
2012(34)

Crosssectional

82 vascular
surgery patients
(mean age 67+9
years): mild OSA
N=23, no OSA
N=12

Hypopneas
No association of ESS with OSA
identified using a severity.
nasal pressure
catheter; Defined
as a 50% decrease
in tidal volume
and a 4% oxygen
desaturation

Ward,
2013(35)

Crosssectional

2,673 patients
referred to a
sleep disorders
center with
N=286 men
(mean age:
50.0±13.6 years)
and N=278
women (mean
age: 50.0±13.5
years) with mild
OSA

Hypopnea
methodology not
provided, but
reference made
to 1999 AASM
“Chicago” criteria;
Defined as ≥ 50%
decrease in
airflow, or a clear
but lesser
decrease in
airflow associated
with either 3%
desaturation or
arousal

In comparison to controls
without OSA, there was
increased in risk for MVA in men
and women with mild OSA.
Regression adjusted for neck
circumference, proportion of
time spent with an arterial
oxygen saturation of < 90%, age,
sex, and alcohol and caffeine
intake

Wachter,
2013(36)

Crosssectional

398 subjects at
risk for heart
failure; mild OSA
N=140 (mean age
67+6 years), no
OSA N=136, mean
age 64+7 years

Hypopneas
identified using a
nasal pressure
catheter; Defined
as a 50%
reduction in tidal
volume and a 3%
oxygen
desaturation

No difference in ESS between
mild OSA and no OSA.

Xiromeritis
, 2011(37)

Crosssectional

161 subjects
(mean age:
48.5±10.5 years);
mild OSA N=28,
no OSA N=30;
sample source
not provided

Hypopneas
identified using a
thermistor;
Hypopnea
definition not
provided

No difference in ESS between
mild OSA and no OSA.
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Yeh, 2010,
(38)

Crosssectional
retrospective
analysis

101 bariatric
surgery patients
(mean age
30.3±8.5 years);
mild OSA N=32,
no OSA N=18

Hypopnea
methodology and
definition not
provided

AHI correlates with ESS (r=0.305,
p<0.01), but no difference
between mild OSA and no OSA.

Young,
1997(39)

Crosssectional
analysis

AHI 5-15/hour,
age for entire
sample 45.1±7.8
years; mild OSA
N=133, no OSA
N=318; general
population
sample

Hypopneas
indentified using
nasal end-tidal
carbon
dioxide(capnogra
ph) and oral
thermistry;
defined as
reduction in
respiratory effort
and ≥4%
desaturation

Increased risk for any MVA in
men in 5 years, OR, 95% CI 4.2,
1.6-11.3, but not significant in
women; however, risk for
multiple MVAs in 5 years was
not significant.

*Data given as Mean+SD unless otherwise stated.
AASM American academy of sleep medicine; ANOVA Analysis of variance; AHI Apnea-hypopnea index;
BDI Beck depression inventory; BMI Body mass index; CI Confidence interval; CPAP Continuous positive
airway pressure; ESS= Epworth sleepiness scale; FOSQ Functional outcomes of sleep questionnaire; MVA
Motor vehicle accident; N Sample size; ODI Oxygen desaturation index; OR Odd ratio; PVT Psychomotor
vigilance testing; QOL Quality of life; RCT Randomized controlled trial; RDI Respiratory disturbance
index; SSS Stanford sleepiness scale, HAM-D Hamilton depression rating scale; POMS Profile of Mood
States; PSG Polysomnography; SAQLI Sleep apnea quality of life index; SF 12 12-Item Short Form Survey;
SF-36 Short Form Medical Outcomes Survey: SE Standard error
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Table E4. Studies pertinent to the question: Does treatment of mild OSA in comparison to no
treatment prevent or reduce adverse neurocognitive consequences, motor vehicle accidents, and
improve quality of life?
Author

Study Type

Participants*

Event
Identification
Methodology

Intervention
and
Comparator

Major Results*

Observationa
l, nonrandomized

Adults (Mean
age: 50±12
years), from
sleep clinic;
mild OSA N= 8,
only CPAP
adherent
subjects
included

Hypopneas
identified using
nasal pressure
and thermistor;
Defined using 4%
desaturation
and/or arousal

6 months on
CPAP vs.
baseline

ESS:
baseline=12.3±7.
7 to 3.3±4.6 on
CPAP, p=0.011

Year

Avlonitou
2012(40)

No control
group

SAQLI: baseline=
3.3±0.9 to 5.5±1.
on CPAP, diff
2.2±0.7 p<0.001
Domain A Daily
functioning:
baseline= 3.5±1.2
to 5.8±0.9 on
CPAP, p<0.001
Domain B Social
interactions:
baseline= 4.4±1.7
to 5.8±1.3 on
CPAP, p<0.001
Domain C
Emotional
functioning:
baseline=3.7±1.0
to 5.2±1.0 on
CPAP, p<0.001
Domain D
Symptoms:
baseline= 1.4±0.7
to 5.7±1.4 on
CPAP, p<0.001
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Barnes,
2004(41)

Randomized
3- way
Crossover
Clinical Trial

Adults >18 yrs
from sleep
clinic; mild OSA
N= 47; Mean
age: 46.4+1.1
[SE] years

Hypopneas
identified using
oral/nasal
thermistor and
abdominal and
thoracic effort
bands; defined as
>50% reduction
from baseline in
at least two of
the three signals:
airflow, thoracic
or abdominal
movement.
(oxygen
desaturation or
arousal
confirmation not
needed)

CPAP vs. Oral
Appliance vs.
Placebo tablet
for 3 months
each.

No raw data
provided
ESS: CPAP vs.
placebo , p≤0.05
Oral Appliance vs.
placebo, p≤0.05
FOSQ: CPAP vs.
placebo , p≤0.05
Oral Appliance vs.
placebo, p≤0.05
SF 36: CPAP vs.
placebo , p≤0.05
Oral Appliance vs.
placebo, p≤0.05
Neurophysiologic
Function: CPAP
vs. placebo , p=NS
and Oral
Appliance vs.
placebo, p=NS

Back,
2009(42)

Randomize
d controlled
trial

N=32 patients
in ENT clinic
with mild OSA,
only
velopharyngeal
obstruction
were
considered,
age not
provided

Events identified
using oral and
nasal thermistor;
hypopnea was
not defined;
automated
scoring
Follow up after 4
months (range 46 months)

Intervention:
Radiofrequenc
y surgery of
soft palate
Comparator:
Placebo
applicator

‘Cure’ defined
as AHI <5, ESS
<8, increase in
the mental
and the
physical
component
scores in SF-36

Baseline values
were matched in
the 2 arms.
Surgery vs.
placebo:
No significant
differences in the
change in AHI,
ESS, SF- 36 scores
on follow-up.

Only one patient
in the surgery
group was cured.
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Engleman,
1997(43)

Randomized
Clinical Trial
with
Crossover

16 Adults from
sleep clinic;
mild OSA N=16;
mean age:
52+2 [SE] years

Hypopneas
identified using
oronasal
thermistor and
abdominal and
thoracic effort
bands; defined as
50% reduction in
respiratory
movement.
(Oxygen
desaturation or
arousal
confirmation NOT
needed)

4 weeks CPAP
vs. 4 weeks
Oral Tablet
Placebo

Mean (SE):
CPAP Symptom
score: no
baseline; CPAP
2.0 (0.3), vs.
placebo 3.7 (0.4),
p<0.01
Trail making B
(secs): no
baseline, CPAP
64.1 (5.5) vs.
placebo = 77.7
(9.2), p=0.02;
HADS depression
score: No
baseline, CPAP=
3.4 (0.9) vs.
placebo=5.0 (1.0),
p= 0.03
The following
tests were not
significant
(p>0.05): ESS,
MSLT, UMACL
energetic arousal
score, IQ
Decrement Score,
Steer Clear,
PASAT, RVIPT,
Median 8 Choice
Reaction Time,
Verbal Fluency,
BVRT, HADS
Anxiety Score,
GHQ-28, NHP
Part 2
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Engleman,
1999(44)

Randomized
Clinical Trial
with
Crossover

Adults from
sleep clinic;
mild OSA N=
34; mean age:
44+6 years

Hypopneas
identified using
oronasal
thermistor and
abdominal and
thoracic effort
bands; defined as
50% reduction in
respiratory
movement.
(oxygen
desaturation or
arousal
confirmation NOT
needed)

4 weeks CPAP
vs. 4 weeks
Oral Tablet
Placebo

ESS: baseline
=13±3, CPAP =
8±4 vs. placebo =
11±4 ; p=0.008;
Digit symbol
(correct):
baseline= 54±12,
CPAP = 59±12 vs.
placebo= 57±14,
p=0.004
PASAT-2
(correct): baseline
=31±12, CPAP =
40±11 vs.
placebo= 36±14,
p=0.02
HADS Depression
Score: baseline=
7.4±4.1, CPAP=
4.0±3.0 vs.
placebo = 5.7±3.9
,p=0.003
Total Symptom
Score: baseline
=22/6; CPAP
=11/7 vs. placebo
=16/7 , p=0.003;
SF-36 Health
Transition:
baseline =3.1±0.6,
CPAP= 2.6±0.9 vs.
placebo=3.0±0.7,
p = 0.03
SF-36 Role—
physical:
baseline= 58±36,
CPAP= 81±27 vs.
placebo=64±34, p
= 0.03
SF-36 Bodily pain:
baseline= 68±31,
CPAP= 75±23 vs.
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placebo= 68±27,
p = 0.02
SF-36 Social
function:
baseline= 60±27,
CPAP= 84±17 vs.
placebo=73±25, p
< 0.01
SF-36 Vitality:
baseline=33±19,
CPAP= 58±19 vs.
placebo= 46±23,
p< 0.001
The following
tests were not
significant
(p>0.05): MWT,
UMACL Energetic
Arousal Score,
Steer Clear,
Trailmaking A&B,
Block Design,
Performance IQ,
HADS Anxiety
Score, NHP Part
2, SF-36 Physical
Function, Role
Emotional,
Mental Health,
General Health
Giannasi,
2013(45)

Observationa
l, nonrandomized

Adults in sleep
clinic (mean
age: 48+11
years); mild
OSA N= 11

Hypopneas
identified using
thermistor;
Definition not
specified

OA for 7.2
months
(Range 6-9
months) vs.
baseline

Median (range)
ESS baseline= 9.5
(4-14) to 5.8 (1-9)
on OA, P=NS

No control
group
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Kushida,
2012(46)

Randomized
Clinical Trial

Adults > 18
years recruited
from the
community and
sleep clinic
(mean ages:
Active52.2+12.2
years; Sham50.8+12.2
years); AHI 1015: N=113

Hypopneas
identified using
nasal pressure
and oral
thermistor;
Defined using
arousal and/or
3% desaturation

Active CPAP
vs. Sham CPAP
for 6 months

ESS and MWT
sleep latency:
P=NS between
groups
Primary
neurocognitive
outcomes:
Pathfinder TestTotal Time,
Buschke Selective
Reminding TestSum Recall,
Sustained
Working Memory
Test-Overall MidDay index: All
P=NS between
groups
Secondary
neurocognitive
outcomes:
Pathfinder
NumberReaction Time,
Shifting Attention
Test Discovery
Condition –
Number of Rule
Changes
(Dichotomized),
BSRT Delayed
Recall – Total
Recall, SWMT –
Mid-day
Behavioral Index,
SWMT – Mid-day
Activation Index,
PVT – Median
Reaction Time,
PVT – Mean
Slowest 10% of
Reaction Times:
All P=NS between
groups
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Lettieri,
2011(47)

Tuomilehto,
2009(48)

Tuomilehto,
2010(49)

Observationa
l,
Retrospectiv
e analysis

Randomized
Clinical Trial

2 year follow
up of
participants
reported in
Tuomilheto,
2009

Adult Military
clinic patients
requesting OA
therapy; mild
OSA N=274,
mean age:
41.3±9.2 years

AASM 2007
Criteria:
Hypopneas
identified using
nasal pressure
catheter and
thermistor;
Defined using
arousal and/or
3% /4%
desaturation

Adjustable OA
or Fixed OA,
duration not
specified

Adults 18-65
years from
outpatient
clinics of ENT
and
Respiratory
medicine, AHI
5 to <15
;intervention
group, N=35
(Mean age:
50.9+8.6
years), control
group N=37
(Mean age:
51.8+9.0 years)

Hypopneas
identified by
nasal pressure;
defined using 4%
oxygen
desaturation

Very low
calorie diet+
Lifestyle
modification
vs. Lifestyle
modification
alone for 12
months

Intervention
group, N=35,
mean age:
51.8+9.0 years,
control group
N=36, mean
age: 51.7+8.8
years;

Hypopneas
identified by
nasal pressure;
defined using 4%
oxygen
desaturation

Same cohort
as in
Tuomilheto,
2009

No control
group

ESS:
baseline=14.4±4.
4 to 9.8±3.9 on
adjustable OA
baseline =
14.2±5.6 to
10.8±4.4 on fixed
OA

Weight Change
(kg)
Intervention= 10.7±6.5 vs.
control = 2.4±5.6, p<0.001
ESS: P=NS
between groups;
15D
Questionnaire for
QoL at 3 months:
sleeping
(p=0.016) and
elimination
(p=.017) at 3
months

Very low
calorie diet+
Lifestyle
modification
vs. Lifestyle
modification
alone, 24
month follow
up after 1 year
of active
intervention

Weight Change
(kg)
Intervention= 7.3±6.5 vs.
control = 2.9±7.5, p=0.01
No significant
change in ESS:
between
intervention and
control groups:
0.6 (95% C.I.:-1.3,
2.5).
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Tuomilheto,
2014(50)

5 year follow
up of
participants
reported in
Tuomilheto,
2009

N=28
intervention
group, N=29
control group,
group
Same cohort
as in
Tuomilheto,
2009

Hypopneas
identified by
nasal pressure;
defined using 4%
oxygen
desaturation

Very low
calorie diet+
Lifestyle
modification
vs. Lifestyle
modification
alone, 60
month follow
up after 1 year
of active
intervention
Successful
weight loss (≥
5% of
baseline)
regardless of
group
assigned to.

No significant
difference in ESS
at baseline
between
intervention and
control groups,
10.1+5 vs. 9.9+5.
No significant
difference in ESS
between
successful weight
loss and
unsuccessful
weight loss
groups: -1.1,
p=ns.

Comparator
Unsuccessful
weight loss
regardless of
group
assigned to.
Yaremchuk,
2011(51)

Observationa
l,
retrospective

ENT surgery
clinic
population
(Mean age:
45.0+9.6
years); AHI 5 to
15: N=6

Not provided

6 weeks post
surgery
(UPPP,
tonsillectomy,
tonsillectomy
or
radiofrequenc
y ablation of
base of
tongue) vs.
baseline

ESS: Change from
pre to post =
7.3±3.5, p=0.0001

No control
group
*Data provided as Mean+SD unless otherwise indicated.
AASM American academy of sleep medicine; AHI Apnea-hypopnea index; BSRT Buschke Selective
Reminding Test-Sum Recall; BVRT Benton visual retention test; CI Confidence interval; CPAP Continuous
positive airway pressure; ENT Ear-nose-throat; ESS Epworth sleepiness scale; FOSQ Functional outcomes
of sleep questionnaire; GHQ-28 General health questionnaire-28; HADS Hospital anxiety and depression
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scales; IQ Intelligence quotient; MSLT Mean sleep latency test; MWT Maintenance of wakefulness test;
N sample size; NHP Nottingham health profile; NS Not significant; SaO2 oxygen saturation; OA Oral
appliance; OSA Obstructive Sleep Apnea; PASAT Paced auditory serial addition test; PVT Psychomotor
vigilance testing; QOL Quality of life; RCT Randomized controlled trial; RVIPT Rapid visual information
processing test; SD Standard deviation; SE Standard error; SAQLI Sleep apnea quality of life index; SF-36
Short Form;Medical Outcomes Survey; SOL Sleep onset latency; SE Standard error; SWMT Sustained
working memory test; UMACL UWIST mood adjective checklist; UPPP Uvolopharyngopalatoplasty

E26

Table E5. Studies pertinent to the question: Does mild OSA in comparison to the absence of OSA
contribute to adverse long-term cardiovascular outcomes such as hypertension, coronary artery
disease, cerebrovascular events, arrhythmias, and cardiovascular and all-cause mortality?
Author
Year

Study
Type/Analysis
& Source of
study
population

Participants*

Event
Identification
Methodology

Major Results

Age 30-70 years,
RDI 3–6.9, N=
417; RDI 7–13.9,
N=247;
population
sample (Vittoria
cohort)

Respiratory
polygraphy using
MESAM IV

Hypertension defined as
a BP ≥140/90 mm Hg or
the use of
antihypertensive
medications. OR for
incident hypertensionRDI 3–6.9: 1.08 (0.77–
1.52);

Hypertension
Prospective Cohort Studies
Cano Pumarega,
2011(52)

Prospective
cohort; mean
follow-up 7.5
years

Sitting BP using
standard
methodology.

RDI 7–13.9: 0.90 (0.61–
1.34). There were no
significant sex
differences.
Hla, 2008(53)

Prospective
cohort,
followed over
7.2 years

Age 52 (8) years,
AHI 5-15, mild
OSA sample size
not noted;
population
sample; (this is
the same
population as in
Peppard, 2000
(54) with
additional
analysis for
nondipping BP)

Hypopneas
identified using
nasal pressure
catheter and oral
and nasal
thermistor and RIP;
defined as
decrease in
respiratory effort
with > 4%
desaturation.
Measured 24-hour
ambulatory BP.

OR of incident
nondipping-(Systolic BP
nondipping was defined
as mean systolic sleep
BP/mean systolic wake
BP ratio greater than 0.9.
Diastolic BP nondipping
was defined similarly
using mean diastolic
sleep and wake BP).
Systolic nondippingbaseline AHI 5 to < 15 vs.
<5: 3.1 (1.3-7.7), n=39;
Diastolic nondippingbaseline AHI 5 to < 15 vs.
<5: 2.0 (0.7, 5.6), n=43
Adjusted for relevant
covariates.
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Marin, 2012(55)

Prospective
cohort; median
follow up 12.2
years

Mild OSA: Noneligible for CPAP,
age 49.2±10.8
years, N= 276;
declined CPAP N=
11; clinic sample

Hypopnea
identified using
airflow by nasal
and oral pressure
sensor and RIP;
defined as
discernible
reduction in airflow
or
thoracoabdominal
excursion and with
4% desaturation.
BP measured using
standard
methodology

Hypertension defined as
a BP ≥140/90 mm Hg or
treatment with
antihypertensive
medications. Crude
incidence rate, number
per 100 person-years:
3.02 in patients ineligible
for CPAP, 2.88 in patients
who declined CPAP, 4.05
in patients non-adherent
to CPAP, and 2.12 in
patients treated with
CPAP, p=ns comparing
the rate of incident
hypertension in CPAP
therapy group with the
remaining groups.
Adjusted for relevant
covariates.
Adjusted OR for incident
hypertension in patients
ineligible for CPAP, AHI
5–14.9 vs. <5 and ESS
<11: 1.24 (0.89 - 1.73),
N=218;
AHI 5–14.9 vs. <5 and ESS
>11: 0.76 (0.39 - 1.56),
N=58

O’Connor, 2009(56)

Prospective
cohort; mean
follow-up 5.2
years

Age>40 years,
mild OSA N=355,
23.4% men and
26.8% women
with mild OSA
had hypertension
at 2nd follow-up;
population
sample;
multicenter
(Sleep Heart
Health Study)

Hypopnea
identified using
nasal-oral
thermocouple and
RIP; defined as 70%
reduction in
amplitude of the
thermocouple or
thorax/abdominal
inductance band
signals and ≥ 4%
desaturation.
BP: average of 2nd
and 3rd
measurements.

Hypertension defined as
a BP ≥140/90 mm Hg or
the use of
antihypertensive
medications.
OR for incident
hypertension among
subjects who were
normotensive at
baseline: Males with AHI
5 to < 15 vs. <0-4.9: 0.96
(0.68–1.36); females with
AHI 5 to < 15 vs. <0-4.9:
0.83 (0.59–1.18).
Results were not altered
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when stratified by BMI,
age, sleepiness or in
subjects without baseline
hypertension.
Regression adjusted for
relevant covariates.
Peppard, 2000(54)

Prospective
cohort;
followed over 48 years

Age at baseline
50±8 years, mild
OSA N=132;
population
sample;
(Wisconsin Sleep
Cohort)

Hypopneas
identified using
nasal pressure
catheter and oral
and nasal
thermistor and RIP;
defined as an
discernible
reduction
in the sum
amplitude of the
rib-cage plus the
abdominal
excursions on
respiratory
inductance
plethysmography
and with 4 percent
desaturation.

OR for incident
hypertension (defined as
a BP at least 140/90 mm
Hg or the use of
antihypertensive
medications):AHI 5-14.9
vs. 0: 2.03 (1.29-3.17)
BP 160/100 mm Hg or
the use of
antihypertensive
medications: AHI 5-14.9
vs. 0: 1.92 (1.09 to 3.39)
Regression adjusted for
relevant covariates.

BP-2-3 readings
using standard
methodology
Cross-sectional studies
Abe, 2010(57)

Cross-sectional

Age 50.0±18.4
years, mild OSA
N=17;
clinic/hospital
sample

Hypopneas
identified using
nasal pressure
transducer and
airflow sensor
thermocouple;
defined as
discernible 50%
decrease in the
amplitude of a
valid measure of
breathing.

Hypertension defined as
BP ≥130/85 mmHg or use
of antihypertensive
medications. Percent
with hypertension: AHI
>5-<15 vs. <5: 18.8% vs.
13.6%, p=ns
BP was not the primary
outcome.

BP measurement
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method not
specified.
Bixler, 2000(58)

Cross-sectional

Age 20-88 years,
mild OSA, AHI
0.1-14.9, N=164;
population
sample

Hypopnea
identified by nasal
and oral
thermistors;
defined using 50%
decline in oral or
nasal thermistor
flow and 4%
oxygen
desaturation
Evening supine BP,
3 readings

OR for hypertension
(defined as BP ≥ 140/90
or use of anti-HTN
medications) AHI 0.114.9 vs. 0.0: 2.29 (1.433.61);
Mild SDB, BMI and age
interaction: OR 1.3 (1.051.63); mild SDB and age
interaction: OR 0.93
(0.90-.96)
OR in snorers: 1.56 (1.092.20).
The association with
hypertension was
stronger in young
individuals, especially in
those who were normal
weight.

Cui, 2008(5)

Cross-sectional

Adult females,
age 56±0.4 years,
mild OSA ODI 5-9,
N=492;
population
sample,
multicenter

No measurement
of flow. Oxygen
desaturation index
(ODI) defined as
≥3% drops in SpO2
during sleep.

OR for hypertension
(defined as BP ≥ 140/90
or use of antihypertensive
medications), ODI 5-9 vs.
<5: 1.1 (0.9–1.4).

Sitting BP between
8:00 AM and 4:00
PM

Excluded patients with
stroke and coronary
artery disease.
Pulse oximetry may
underestimate the
respiratory events during
sleep compared with
PSG.

Duran, 2001(6)

Cross-sectional

Age 30 to 70
years, white, mild
OSA N=115;
population
sample

Hypopnea
identified by nasal
and oral
thermistor; defined
as 50% reduction in
airflow and >4%
desaturation

OR for hypertension
(defined as BP ≥ 140/90
or use of anti-HTN
medications) AHI 5-14.9
vs. 0.0: 1.30 (0.54 to
4.14)
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and/or an arousal.
Sitting BP
measured using
standard
methodology.
Grote, 1999(59)

Cross-sectional

Age 49.7±6.9
years, mild OSA
AHI 5 to <10,
N=68 with prior
HTN, N=101
without prior
HTN; clinic
sample

Hypopneas
identified using
MESAM 4; defined
using 4%
desaturation.
Morning sitting on
two consecutive
days

OR for hypertension
(defined as BP ≥ 140/90)
RDI 5 to 10 vs. <5: 1.25
(0.8-2.0)
OR for hypertension
(defined as BP ≥ 160/95)
RDI 5 to 10 vs. <5: 1.52
(1-2.3), p=0.054
OR for younger (< 50 yr)
was 2.95 vs. 0.81 for
older (> 50 yr) patients
with mild OSA.
Risk of hypertension was
increased in younger
compared with older
patients.

Haas, 2005(60)

Cross-sectional

Mild OSA, age
category 40-59
years: N= 557,
≥60 years:
N=1180;
population
sample (SHHS),
multicenter

Airflow by airflow
measured by
oronasal
thermocouples,
hypopnea as a 30%
reduction in airflow
or
thoracoabdominal
excursion and 4%
oxygen
desaturation.
BP was average of
2nd and 3rd readings

Systolic/diastolic
hypertension (SBP≥140
and DBP≥ 90 mm Hg) or
ISH (SBP ≥140 and
DBP<90 mm Hg.
Age ≥60 y: No association
between AHI and either
systolic/diastolic
hypertension, AHI 5-14.9
vs. 0.0 to <0: OR 0.93
(0.55–1.55) or ISH OR:
1.14 (0.75–1.75)
Age 40-59 y: the odds of
systolic/diastolic
hypertension increased
significantly with AHI for
systolic/diastolic
hypertension, AHI 5-14.9
vs. 0.0 to <1.5: OR 1.78
(1.09–2.92) but not for
ISH OR: 1.14 (0.75–1.75)
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Regression adjusted for
gender, race, age, BP
medication use, diabetes,
BMI, waist:hip ratio,
smoking, and alcohol
consumption.
Kapur, 2008(61)

Cross-sectional

All adults,
population
sample,
multicenter. Mild
OSA AHI 5-14.9
and frequently
sleepy (≥5
days/mo), N=244
vs. Not frequently
sleepy (<5
days/mo.),
N=1491: 31.0 vs.
28.4 %, p<0.001.
AHI 5-14.9 and
ESS >10, N=463
vs. ≤10, N=1272:
51.5 vs. 21.1%,
p<0.001

Hypopnea
identified using
nasal-oral
thermocouple and
RIP; defined as 70%
reduction in
amplitude of the
thermocouple or
thorax/abdominal
inductance band
signals and ≥ 4%
desaturation.
BP: average of 2
and 3rd
measurements.

nd

OR for hypertension
(defined as BP ≥ 140/90
or current
antihypertensive
medications):AHI 5-14.9
vs. <1.5 and frequently
sleepy: 1.26 (0.77–2.07);
AHI 5-14.9 vs. <1.5 and
not frequently sleepy:
1.16 (0.97–1.40)
OR for hypertension-AHI
5-14.9 vs. <1.5 and
ESS>10: 1.15 (0.80–1.65);
AHI 5-14.9 vs. <1.5 and
ESS<10: 1.20 (0.99-1.46)
Regression models were
adjusted for relevant
covariates.

Overall, frequently sleepy
subjects showed an
increase in risk for
hypertension with
increase in AHI severity in
contrast to not
frequently sleepy
subjects but the effect
was not significant in
patients with mild OSA.

Mason, 2011(19)

Cross-sectional

Adults age 18-75
years with
abdominal aortic
aneurysm, mild
OSA AHI 6-15,

Hypopneas
identified using
nasal pressure
canula (limited
channel study);

HTN (defined as BP ≥
140/90 or current
antihypertensive
medications)-
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N=43
BP: average of 3
readings at study
visit; clinic
sample,
multicenter

defined as 50%
reduction in airflow
with ≥ 4%
desaturation.
Three consecutive
BP measurements.

AHI 6-15 vs. 0-5:
Systolic BP: 140.7 (125.7149.3) vs. 137.7 (120.7152), p=ns
Diastolic BP: (72.7-89) vs.
80.5 (74-88.2), p=ns
Percent with
hypertension:88.4 vs.
82.9, p=ns
BP was not the primary
outcome.

Minoguchi, 2007(21)

Cross-sectional

Males, age
47.6±1.9 years,
mild OSA N=26,
clinic sample

Hypopnea
identified by nasal
and oral
thermistors;
defined as a
reduction in airflow
with ≥4%
desaturation or an
EEG arousal from
sleep.
BP measurement
methodology not
specified

HTN defined as BP ≥
140/90 or current use of
anti-HTN medications
AHI 5 to <15 vs. obese
controls:
Systolic BP: 127.9±2.5 vs.
130.4±2.8, Diastolic BP:
76.2±2.1 vs. 77.6±2.3,
respectively, p=ns.
BP was a secondary
outcome.

Nazzaro, 2008(23)

Cross-sectional

Age 52±8 years;
mild OSA N=33;
clinic sample

Hypopnea
identified by nasal
and oral
thermistor; defined
as 2/3 reduction in
airflow with ≥3%
desaturation or
awakening. Office
BP at rest, average
of 3 readings;
ambulatory blood
pressure
monitoring every
20 minutes

No significant difference
in systolic or diastolic BP
between mild and no
OSA groups. There was
absence of dipping of
diastolic BP in mild OSA
vs. non OSA group (night
diastolic BP: non OSA vs.
mild OSA 69 ± 8 vs.. 74 ±
8 mmHg, p<0.05)

Nieto, 2000(62)

Cross-sectional

Age≥40 years,
54% ≥65 years,

Hypopnea
identified using

OR for HTN (defined as
BP ≥ 140/90) AHI 5-15 vs.
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mild OSA N=1751;
population
sample,
multicenter

oronasal
thermocouple or
RIP; defined as 30%
or more decline in
airflow or
thoracoabdominal
excursion and 4%
oxygen
desaturation;
Resting home BP,
average of 2nd and
3rd readings

Rola, 2007(63)

Cross-sectional

Patients with
stroke or TIA,
mild OSA AHI 510, number of
patient with mild
OSA not available;
hospital sample

Hypopnea defined
“per AASM
criteria”, details
not provided; BP
measurement
methodology not
specified

<1.5: 1.2 (1.01-1.42),
participants taking antihypertensive medications
were excluded from the
analyses.

AHI 5-15 vs. <1.5: 1.57
(1.35-1.81) when
adjusted only for age, sex
and ethnicity

In patients with stroke or
TIA, percentage with
hypertension: AHI 5-10
vs. ≤5: 68.4% vs. 72.9%,
p=ns.
Demographic data were
provided graphically.
BP was not the primary
outcome.

Samson, 2012(28)

Cross-sectional
retrospective
chart review

All veterans, age
55.6±11.9 years;
mild OSA N=136;
clinic sample

Hypopneas
identified by nasal/
oral
thermocouple;
defined as 30%
reduction in airflow
and 4%
desaturation;

Percent of patients with
HTN: AHI 5-14 vs. <5:
77.9% vs. 61.8%, p=ns

BP from chart
review
Sert Kuniyoshi,
2013(64)

Cross-sectional

Patients with
recent myocardial
infarction with
brachial
measurement of
flow mediated
dilation, age 57±9
years mild OSA
N=19; clinic

Hypopneas
identified by
thermistor and
transduced nasal
pressure; defined
as >30% reduction
in nasal pressure
signal and ≥ 4%
desaturation;

AHI ≥5-<15 vs. <5
Systolic BP: 115(104,130)
vs. 118(104,130);
Diastolic BP: 64(57,69)
vs. 66(60,73), p=ns
Percent with HTN: 58 vs.
45%, p=ns
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sample

Theorell-Haglow,
2008(65)

Cross-sectional

Females, age
50.9±9.9 years;
mild OSA N=131;
population
sample

Morning BP
measured after
PSG.

BP was not the primary
outcome.

Hypopnea
identified by
oronasal
thermistor and
nasal flow pressure
sensor; defined as
≥50% reduction in
airflow amplitude
compared with
baseline with ≥3%
desaturation or an
EEG arousal.

HTN defined as ≥130/90
mmHg or known
hypertension or
medication for
hypertension;

Excluded previous
diagnosis of OSA,
continuous positive
airway pressure
treatment and 50% of
events central apnea
and/or Cheyne-Stokes
respiration

AHI 5 to <15 vs. <5:
Percent with HTN: 51.9%
vs. 26.9%, p<0.001

Morning supine BP
Utriainen, 2013(34)

Cross-sectional

Age 64±10 years,
patients
scheduled for
lower limb
revascularization
surgery; mild OSA
N=23; clinic
sample

Hypopneas
identified by nasal
pressure
transducer; defined
as >50% reduction
in flow with 4%
desaturation. BP
measurement
methodology not
specified.

Percent of patients with
HTN, defined BP
≥130/85 or on drug
treatment, AHI 5-14 vs.
<5: 61 vs. 67%, p=ns

Wachter, 2013(36)

Cross-sectional

Age 67±6 years,
mild OSA N=140
in patients with
risk for diastolic
dysfunction; clinic
sample

Hypopneas
identified by nasal
pressure; defined
as ≥50% reduction
in tidal volume and
≥3% desaturation.

Hypertension in AHI 5-14
vs. <5: 85 vs. 87.5, p=ns

BP measurement
method not
specified.
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Young, 1997(66)

Cross-sectional

Age 30-60 years,
AHI<2: 44.0(7.3)y
N=642;
AHI 2 to 5:
47.1(7.9)y,
N=191;
AHI 5 to 15:
47.2(7.7)y N=141;
population
sample

Hypopnea
identified by nasal
end-tidal carbon
dioxide detection
and oral thermistor
and RIP; defined as
reduction in effort
and 4%
desaturation
Evening sitting BP,
3 readings

OR for systolic
hypertension (defined as
systolic BP≥ 140 or use of
anti-HTN medications)
AHI 5 vs. 0: 1.21 (1.11.34);
OR for systolic
hypertension (defined
diastolic BP ≥ 90 or use of
anti-HTN medications)
AHI 5 vs. 0: 1.18 (1.071.30);
[Young et al, 1996, OR:
3.3 (1-14)]

Coronary Artery Disease
Prospective studies
Gottlieb, 2010(67)

Prospective
cohort; 8.7
years follow-up

Middle aged and
older adults;
AHI 0.1–4.9
N=829M/1605F;
AHI 5.0–14.9
N=644M/610F;
population
sample

Hla, 2015, (68)

Prospective
cohort; 24 years
follow-up

Mild OSA 5<15/hour, N=182,
age 49±8 years;
population
sample

Hypopneas
identified using
thermistor; Defined
as decrease in
airflow or chest or
abdominal
plethysmography
with ≥4%
desaturation.

OSA was associated with
a modest increase in CHD
risk in middle-aged men.
However, all covariates in
the models for mild OSA
were smaller than 1.0,
(no significant
difference).

Hypopneas
identified using
nasal and oral
airflow; defined as
discernible
reduction in
breathing (sum of
chest and
abdominal
excursions) and

Incident rate of CHD or
heart failure in mild OSA
was 18.9 per 1000
person years. Adjusted
risk for

Adjusted for age, race,
CHD was defined as BMI, smoking, total and
the first occurrence HDL cholesterol, lipidof myocardial
lowering medications,
infarction, CHD
diabetes mellitus, BP,
death, or coronary use of antihypertensive
revascularization
medications
procedure.

incident CHD or heart
failure was increased in
mild OSA vs. no OSA; HR,
95% CI: 1.9, 1.05-3.5
(excluded patients on
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>4% desaturation

CPAP); risk was higher in
women vs. men (HR:4.6
vs. 1.1); adjusted risk for
only untreated CHD, HR,
95% CI: 1.79, 0.96, 3.35

Cross-sectional studies
Shahar, 2001(69)

Cross-sectional

Mild OSA AHI
4.5–11.0, N=,
1606 (quartile III)
mean age 65
years; population
cohort,
multicenter

Unattended
polysomnography;
hypopnea
identified by
oronasal
thermocouple;
defined as 30%
reduction in airflow
and ≥4%
desaturation

Odds of coronary artery
disease in the quartile
with AHI 4.4-11 vs.
quartile with AHI 0-1.3
were not significantly
elevated.

Samson, 2012 (28)

Cross-sectional
retrospective
chart review

All veterans, age
55.6±11.9 years;
mild OSA N=136;
clinic sample

Hypopneas
identified by nasal/
oral
thermocouple;
defined as 30%
reduction in airflow
and 4%
desaturation

No significant difference
in the percent of patients
with coronary artery
disease in the mild OSA
vs. no OSA groups

Utriainen, 2013(34)

Cross-sectional

Age 64±10 years,
patients
scheduled for
lower limb
revascularization
surgery; mild OSA
N=23; clinic
sample

Hypopneas
identified by nasal
pressure
transducer; defined
as >50% reduction
in flow with 4%
desaturation.

No significant difference
in percentage of patients
with CAD in mild OSA vs.
no OSA group.

Prospective
cohort; 8.7
years follow-up

Middle aged and
older adults

Hypopneas
identified using
thermistor; Defined
as decrease in
airflow or chest or
abdominal
plethysmography
with ≥4%

OSA was significant
associated with increase
in the risk of incident
heart failure in
community-dwelling
middle-aged and older
men. However, all
covariates in the models

Heart Failure
Prospective studies
Gottlieb, 2010(67)

AHI 0.1–4.9
N=829M/1605F;
AHI 5.0–14.9
N=644M/610F;
population
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sample

desaturation.
The occurrence of
heart failure was
based on medical
history, including
clinical symptoms
and therapy and
supportive findings
from chest
radiographs or
cardiac functional
imaging.

for mild OSA were
smaller than 1.0, (no
significant difference).
Adjusted for relevant
covariates.

Prospective
cohort; 24 years
follow-up

Age 30-60 years,
Mild OSA N=182,
excluded patients
on CPAP;
population
sample

Hypopneas
identified using
nasal and oral
airflow; defined as
discernible
reduction in
breathing (sum of
chest and
abdominal
excursions) and
>4% desaturation

Adjusted risk for

Abe, 2010(57)

Cross-sectional

Age 50.0±18.4
years, mild OSA
N=17;
clinic/hospital
sample

Hypopneas
identified using
nasal pressure
transducer and
airflow sensor
thermocouple;
defined as
discernible 50%
decrease in the
amplitude of a
valid measure of
breathing.

No difference in
percentage of patients
with heart failure in mild
vs. no OSA groups.

Shahar, 2001(69)

Cross-sectional
analysis

Mild OSA AHI
4.5–11.0, N=1606
(quartile III) mean
age 65;
population
sample

Unattended
polysomnography;
hypopnea
identified by
oronasal
thermocouple;
defined as 70%
airflow and ≥4%

Hla, 2015(68)

incident heart failure was
increased in mild OSA vs.
no OSA; HR, 95% CI: 1.81,
1.02-3.22

Cross-sectional studies

Odds of heart failure in
the quartile with AHI 4.411 vs. quartile with AHI 01.3 were not significantly
elevated.
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desaturation
Samson, 2012(28)

Cross-sectional
retrospective
chart review

All veterans, age
55.6±11.9 years;
mild OSA N=136;
clinic sample

Hypopneas
identified by nasal/
oral
thermocouple;
defined as 30%
reduction in airflow
and 4%
desaturation

No significant difference
in the percent of patients
with heart failure in the
mild OSA vs. no OSA
groups

Wachter, 2013(36)

Cross-sectional

Age 67±6 years,
mild OSA N=140
in patients with
risk for diastolic
dysfunction; clinic
sample

Hypopneas
identified by nasal
pressure; defined
as ≥50% reduction
in tidal volume and
≥3% desaturation.

No significant difference
in ejection fraction
between normal and
mild OSA groups.

Total 234
hypertensive
patients, mild
OSA N=27,
median age for
the cohort 54.0
years; clinic
sample

Hypopneas
identified using
nasal canula.
Defined >50%
reduction in flow
and ≥4% oxygen
desaturation.

Combined Cardiovascular Endpoints
Prospective studies
Korostovtseva,
2011(70)

Marshall, 2014(71)

Prospective
cohort study,
46.4 months
follow-up

Prospective
cohort study;
20-year followup

400 residents of
the Western
Australian town
of Busselton,
N=81 patients
with mild OSA,

The primary
endpoint was a
composite of
cardiovascular
death, fatal/nonfatal myocardial
infarction and
stroke.

Respiratory
disturbances were
defined as oxygen
desaturations ≥ 3%
from the preceding
baseline level that

Presence of mild and
moderate (separated) did
not affect survival. OR for
mild OSA was 8.59
(0.999–73.82, p=0.5)
although similar to severe
OR 9.2 (1.176–72.002;
p=0.034), for mild it was
not significant (high
variability).
Adjusted for sex, age,
BMI, duration of
hypertension, smoking,
alcohol use, physical
activity level, family
history of cardiovascular
diseases, current
coronary heart disease,
glucose metabolism.
Mild OSA was not
associated with increased
cardiovascular events
Adjusted HR, 95% CI for
CV Events: 1.0, 0.60-1.7;
Strokes: 1.0, 0.39-2.7;
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age 54.3±7.3
years; population
sample

were accompanied
by either (a) an
increased heart
rate ≥ 10 beats/min
and/or (b) a burst
of snoring
associated with
commencement
and termination of
the desaturation
event .
Composite
cardiovascular
outcome: coronary
heart disease,
stroke, congestive
heart failure,
peripheral arterial
disease or death
from
cardiovascular
disease

Shah, 2010(72)

Prospective
cohort; 2.9
years follow-up

1,436 patients ≥
50 years of age;
N=342 with mild
OSA, clinic sample

Coronary Heart Disease:
0.99, 0.24-4.6

Adjusted for age, gender,
BMI, smoking status,
total cholesterol, high
density lipoprotein
cholesterol, mean
arterial pressure,
diabetes, doctordiagnosed angina
(yes/no), mortality,
stroke, and CHD models a
history of cardiovascular
disease (via record
linkage yes/no).

Hypopneas
identified using
nasal and oral
airflow using
pressure
transducer and
thermistor; defined
as 30% reduction in
airflow for at and
≥4%

Mild OSA was
independently associated
with coronary events or
death from cardiovascular
causes (combined
endpoint), HR, 95% CI:
2.22, 1.10–4.45.

Hypopnea was
defined by a
decrease in airflow
by 30% for at least
10 sec, and
associated with

The risk of stroke or
death in patients in the
most severe quartile of
sleep apnea was three
times that in the
controls. Mild OSA (AHI

Adjusted for age, sex,
race, smoking status,
alcohol consumption
Combined coronary status, BMI, diabetes
events (myocardial mellitus, atrial fibrillation,
infarction, corohyperlipidemia, and
nary artery
hypertension.
revascularization)
or cardiovascular
death.
Yaggi, 2005(73)

Prospective
cohort study; 48
months of
follow-up

N=1022, mean
age 60 years; 697
had OSA, N=258
with mild OSA AHI
4–12; age for mild
group not given;
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clinic sample

oxygen
desaturation of 4%
or more

4-12) was not associated
with the aforementioned
combined events:
(hazard ratio 1.75; 0.88–
3.49).
Age, sex, race, smoking
status, alcoholconsumption status, BMI
and the presence or
absence of diabetes
mellitus, hyperlipidemia,
atrial fibrillation.

Age 50.1 ± 12.0
years; mild OSA
N=371 and nonapneic snorers
N=494; clinic
sample

Hypopneas
identified using
nasal canula and
nasal/oral
thermistor; Defined
as 50% to 80%
reduction in flow
and >3%
desaturation or an
arousal.

No significant correlations
were seen between any
level of OSA severity and
any outcome. For all
cause mortality: Hazard
ratio for mild OSA: 0.96
(0.52- 1.74). For
myocardial infarction:
0.66 (0.33- 1.30).
Cerebrovascular accident:
0.93 (0.48- 1.79). Of note,
several OSA patients were
using CPAP.

Retrospective cohorts
Hudgel, 2012(74)

Retrospective
review of sleep
center data
linked with
hospital EMR; 8
years of followup

Combined
endpoints: allcause mortality,
myocardial
infarction, cerebral
vascular accident,
and pulmonary
embolus
Kendzerska, 2014(75)

Retrospective
review of
cohort with
data from sleep
clinical
database and
health
administrative
data;; 68
months followup

Middle aged, 62%
men, age 49. 9
±41 years for the
cohort

Hypopneas
identification
method not
provided.
Hypopnea was
Mild OSA N= 2703 defined by: (i) a
(26.6%), clinic
decrease of more
sample
than 50% of the
baseline amplitude
of breathing lasting
10 seconds or
longer; or (ii) a
clear but smaller

Adjusted for age, African
American race, male
gender, BMI, history of
specific risk factors, and
prior history of
cardiopulmonary disease.
The authors found that
1,172 (11.5%) of 10,149
participants experienced
the composite outcome
(hospitalization due to
myocardial infarction,
stroke, or exacerbation
of congestive heart
failure; a
revascularization
procedure (percutaneous
coronary intervention,
coronary artery bypass
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decrease in
amplitude lasting
for at least 10
seconds that is
associated with
either an SaO2
drop of >3% or an
arousal

graft surgery); or allcause death. No
association of mild OSA
(with composite
endpoint compared to
those without OSA.

Hypopneas
identified using
thermistor; Defined
as a clear decrease
in flow with ≥3%
desaturation.

Mild OSA (II quartile –
AHI 4.05 to <9.5) was not
associated with stroke in
both sex (hazard ratio
1.86; 0.67–5.12).

Respiratory
disturbances were
defined as oxygen
desaturations ≥ 3%
from the preceding
baseline level that
were accompanied
by either (a) an
increased heart
rate ≥ 10 beats/min
and/or (b) a burst
of snoring
associated with
commencement
and termination of
the desaturation

Mild OSA was not
independently associated
with incident stroke after
a 20-year follow-up of
397 residents (HR 1.0,
95%CI: 0.39-2.7)

Adjusted for age, sex,
smoking status, BMI, AHI,
TST, and daytime
somnolence, prior HTN,
diabetes, MI, stroke, and
CHF.

Cerebrovascular Events
Prospective studies
Redline, 2010(76)

Marshall, 2014(71)

Prospective
cohort study;
8.7 months of
follow-up

Prospective
cohort study;
20-year followup

N=5422 total
participants
Age, median/
interquartile
range 72 (68–77)
years for entire
cohort;
population
sample

400 residents of
the Western
Australian town
of Busselton,
N=81 patients
with mild OSA,
age 54.3±7.3
years; population
sample

Adjusted for age, body
mass index, smoking
status, systolic blood
pressure, use of
antihypertensive
medications, diabetes
status, and race.

Adjusted for age, gender,
BMI, smoking status,
total cholesterol, high
density lipoprotein
cholesterol, mean
arterial pressure,
diabetes, doctordiagnosed angina
(yes/no), mortality,
stroke, and CHD models a
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event .

Valham, 2008 (77)

Prospective
cohort; 10 years
of follow-up

history of cardiovascular
disease (via record
linkage yes/no).

Total of
392,subjects with
coronary heart
disease referred
for coronary
angiography, age
60.7±7.0 years;
number with mild
AHI not provided;
clinic sample

Hypopnea
identified with
oronasal airflow;
Defined as a 50%
reduction in air
flow and ≥3%
desaturation.

Mild sleep apnea is an
independent risk factor
for stroke among patients
with coronary artery
disease (hazard ratio 2.44;
1.08–5.52).

Age 50.0±18.4
years, mild OSA
N=17;
clinic/hospital
sample

Hypopneas
identified using
nasal pressure
transducer and
airflow sensor
thermocouple;
defined as
discernible 50%
decrease in the
amplitude of a
valid measure of
breathing.

No significant difference
in percentage of patients
with stroke in mild OSA
vs. no OSA group.

Adjusted for age, body
mass index, gender, left
ventricular function,
coronary artery
intervention, diabetes
mellitus, hypertension,
previous stroke/transient
ischemic attack, atrial
fibrillation, and current
smoking.

Cross-sectional studies
Abe, 2010(57)

Cross-sectional

BP measurement
method not
specified.
Samson, 2012(28)

Cross-sectional
retrospective
chart review

All veterans, age
55.6±11.9 years;
mild OSA N=136;
clinic sample

Hypopneas
identified by nasal/
oral
thermocouple;
defined as 30%
reduction in airflow
and 4%

No significant difference
in the percent of patients
with cerebrovascular
events in the mild OSA
vs. no OSA groups
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desaturation
Shahar, 2001(69)

Cross-sectional

Mild OSA AHI
4.5–11.0, N=1606
(quartiles) , mean
age 65 years;
population
sample

Unattended
polysomnography;
hypopnea
identified by
oronasal
thermocouple;
defined as 70%
reduction in airflow
and ≥4%
desaturation

Odds of stroke in the
quartile with AHI 4.4-11
vs. quartile with AHI 0-1.3
were not significantly
elevated.

Utriainen2013, (34)

Cross-sectional

Age 64±10 years,
patients
scheduled for
lower limb
revascularization
surgery; mild OSA
N=23; clinic
sample

Hypopneas
identified by nasal
pressure
transducer; defined
as >50% reduction
in flow with 4%
desaturation.

No significant difference
in percentage of patients
with stroke in mild OSA
vs. no OSA group.

Arrhythmia
Cross-sectional studies/analyses
Abe 2010(57)

Cross-sectional

Age 50.0± 18.4
years Japanese,
mild OSA N=197;
clinic sample

Hypopneas
identified using
nasal canula and
thermistor; defined
as 50% reduction
in flow

Trend analysis showed
association of
arrhythmias found on
PSG with increasing
severity of OSA but there
was no direct comparison
of mild OSA with nonOSA group.

Mehra, 2009 (78)

Cross-sectional
analysis of a
prospective
longitudinal
cohort of
elderly men
(MrOS Sleep
Study)

Age 76.1±5.6
years; mild OSA
N=728;
population
sample

Hypopneas
identified using
nasal canula and
nasal-oral
thermocouple
pressure; defined
as reduction of
more than 30 and
associated with a
3% or more oxygen
desaturation

Trend analysis showed an
association of complex
ventricular ectopy with
OSA severity. However,
AHI between 6.5 ≤ OAHI
< 12.7 was not associated
with higher arrhythmia
burden compared to the
lowest AHI quartile
(<2.9), OR: 1.21 (0.66–
2.21) for atrial fibrillation
and OR: 1.18 (0.93–1.50)
for complex ectopic
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events.
Samson, 2012(28)

Cross-sectional
retrospective
chart review

All veterans, age
55.6±11.9 years;
mild OSA N=136;
clinic sample

Hypopneas
identified by nasal/
oral
thermocouple;
defined as 30%
reduction in airflow
and 4%
desaturation

Prospective
cohort; 61.4
months of
follow-up

Korean cohort,
mean age 56
years; mild OSA
N=550; clinic
sample

Hypopneas
identified using
nasal airflow,
mouth airflow
(thermistor);
Defined as
reduction in flow
with oxygen
saturation ≥ 4%.

No significant difference
in the percent of patients
with atrial fibrillation in
the mild OSA vs. no OSA
groups

Mortality
Prospective studies
Lee, 2013(79)

No increase in CV
mortality in patients with
mild OSA, adjusted HR
95% CI:0.32, 0.03-3.57
No increase in all-cause
mortality in mild OSA vs.
no-OSA, adjusted HR, 95%
C.I.: (0.91, 0.36-2.28)
Adjusted for age, sex,
BMI, hypertension,
diabetes, cardiovascular
disease, previous history
of stroke, and treatment.

Marshall, 2014(71)

Prospective
cohort
(Busselton
Cohort) mean
follow-up 13.4
years 20 years
follow-up

Mild OSA N=81 of
393 participants
with, age
54.3±7.3 years,
population
sample

MESAM IV device,
RDI defined as
oxygen
desaturations of ≥
3% accompanied
by either a) an
increased heart
rate ≥ 10 beats/min
and/or b) a burst of
snoring associated
with
commencement
and termination of
the desaturation
event

No increase in all-cause
mortality for mild OSA vs.
no OSA, adjusted HR,
95% CI: 0.51; 0.27-0.99.

Punjabi, 2009(80)

Prospective
cohort; 8.2
years of follow-

Mild OSA N=
1,797; age 64.8
(10.6) years;

Hypopneas
identified using
oronasal

No increase in all-cause
mortality for mild OSA vs.
no OSA, adjusted HR,
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up

Young, 2008(81)

Prospective
cohort; 18 years
of follow-up

population
sample (SHHS)

thermistor;

Mild OSA N=220
participants; age
50±8 years; population sample
(Wisconsin Sleep
Cohort)

Hypopneas
identified using
oronasal
thermistor; Defined
as discernible
reduction in
breathing (sum of
chest and
abdominal
excursions) with ≥
4% desaturation.

95% CI: 0.93 (0.80–1.08

Defined as 30%
reduction in airflow
or
thoracoabdominal
movement
No increase in increase
CV mortality, HR 1.8, 95%
CI 0.7, 4.9 or all-cause
mortality, adjusted HR,
95% C.I.: 1.6, 0.9-2.8.
Adjusted for age, age2,
sex, body mass index, and
body mass index.

*Data provided as Mean+SD unless otherwise indicated
AHI Apnea-hypopnea index; BP Blood pressure; BMI Body mass index; HTN hypertension; CAD
Coronary artery disease; CHD Coronary heart disease; CHF Congestive heart failure; CI Confidence
interval; CV Cardiovascular; CPAP Continuous positive airway pressure; EEG Electro encephalogram; ESS
Epworth sleepiness scale; HDL High density lipid; HR Hazard ratio; ISH Isolated systolic hypertension, MI
Myocardial infarction; N sample size; ODI: Oxygen desaturation index; OR: Odd ratio; OSA Obstructive
sleep apnea; RDI Respiratory disturbance index, RIP Respiratory inductance plethysmography; SD
Standard deviation, SDB Sleep disordered breathing; SHHS Sleep heart health study; TIA Transient
ischemic activity; TST Total sleep time; Y Years
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Table E6. Studies pertinent to the question: Does treatment of mild OSA in comparison to no
treatment prevent or reduce adverse cardiovascular outcomes, including hypertension, coronary
artery disease, cerebrovascular events, arrhythmias, and cardiovascular and all-cause mortality?
Author

Study Type

Participants*

Event Identification
Methodology

Intervention
and
Comparator

Major
Results*

Retrospective
cohort, single
center

N=255

Flow measurement:
using a thermistor,
nasal pressure
transducer

Intervention

Change in
mean arterial
blood
pressure:

Year
Jaimchariyatam,
2010(82)

Hudgel,
2012(74)

Retrospective
cohort, single
center

Patients with
mild OSA
without preexisting
cardiovascular
or
cerebrovascular
disease,
diabetes, or
hyperlipidemia,
age 44.74 years
no CPAP group,
45.46 years
CPAP group

N=1519 entire
cohort, mild
OSA N=372, age
50.1±12.0 years
Patients with
primary snoring
or sleep apnea

Hypopnea defined:
50% reduction and
3% desaturation or
followed by an
arousal

CPAP
treatment

Comparator
No CPAP
treatment

Mean blood pressure
(MBP) was the mean
of at least two MBP
values obtained
within a 3 month
period prior to the
day of the diagnosis
of OSA or CPAP use
and at least two MBP
values within 3
months prior to the
day of the last visit.

Follow up
after 2 years

Hypopnea identified
using airflow by nasal
and oral thermistor
and nasal pressure
sensor (type not
specified); defined as
50% reduction in
flow and 3%
desaturation or an
arousal.

Intervention

On CPAP vs.
No CPAP (1.97 vs. +9.61
mm Hg; p <
0.001)
With
propensity
matched
groups:
Net change in
mean blood
pressure in
CPAP. No
CPAP group: 11.97 mm Hg
(95% CI: 14.02 to 9.92; p <
0.0001)

CPAP
treatment≥4
hours/night

Comparator

All Cause
Mortality: HR
1.61 (0.48 5.44) for CPAP
≥ 4 h/night
compared to
CPAP <
4h/night.

No CPAP
treatment
(refused CPAP
or < 4 hours
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therapy/night)
Marin, 2012(55)

Prospective
observational
cohort; median
follow up 12.2
years

AHI 5–14.9,
adherent to
CPAP, N= 57;
non-adherent to
CPAP N= 11;
clinic sample

Hypopnea identified
using airflow by nasal
and oral pressure
sensor and RIP;
defined as
discernible reduction
in airflow or
thoracoabdominal
excursion and with
4% desaturation.
BP measured using
standard
methodology

Tuomilheto,
2009(48)

Randomized
trial, single
center

N=81 (72
completed
study)
Participants
with mild OSA
age 50.9 (8.6)
years control
group, 51.8 (9.0)
years
intervention
group

Hypopnea identified
using airflow by nasal
and oral sensor (type
not specified);
defined as 30%
reduction in flow and
4% desaturation.
24 hr BP
measurement
described

Intervention:
CPAP therapy
in patients
with mild OSA
and coexisting
daytime
sleepiness
that
interfered
with daily
activities

Intervention
Very low
calorie diet
(VLCD) for 12
weeks
followed by
lifestyle
modifications
for 1 year,
mean weight
reduction
within 1 year
was 11 kg,

Comparator/c
ontrol
Usual care
arm/counselin

No significant
differences
(p=0.15) in
crude incident
rates of
incident
hypertension
in patients
ineligible for
CPAP,
declined CPAP
or nonadherent to
CPAP or
treated with
CPAP.
Adjusted risk
for incident
HTN in CPAPadherent
mild OSA
group alone
was not
provided.
After 1 year,
weight -2.4
(5.6) in
control group
and -10.47
(6.5) kg in
intervention
group,
adjusted
p<0.001
After 1 year,
AHI 0.3 (8.0)
control group
and -4.0
(5.6)in
intervention
group,
p=0.017
Systolic BP
(mean change
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g by physician
and nurse

± SD)
Intervention
(-1.1±19.6
mm Hg) vs.
Control (-1.7 ±
14.7 mm Hg).
Adjusted pvalue 0.47.
Diastolic BP
(mean change
± SD)
Intervention
(-0.4±12.6
mm Hg) vs.
Control (1.9±10.6 mm
Hg). Adjusted
p-value 0.87.
Adjusted for
age, sex, waist
circumference
, and baseline
value.

Tuomilheto,
2010(49)

Randomized
trial, follow up
after 2 years of
the subjects
reported in
Tuomilheto,
2009

N=81 (71
completed
study)
Same cohort in
Tuomilheto,
2009

Same cohort as in
Tuomilheto, 2009
(84)

Intervention
Very low
calorie diet for
12 weeks
followed by
lifestyle
modifications
for 2 years

Comparator/c
ontrol
Usual care
arm

Systolic BP
(mean change
± SD)
Intervention
(-3.0±11.3
mm Hg) vs.
Control
(+0.6±8.5 mm
Hg). Adjusted
p-value 0.041.
Diastolic BP
(mean change
± SD)
Intervention
(-1.7±6.9 mm
Hg) vs.
Control (0.03±5.4 mm
Hg). Adjusted
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p-value 0.12.
Adjusted for
age, sex, waist
circumference
, and baseline
value.
Tuomilheto,201
4(50)

Prospective
cohort

N=57 with mild
OSA

5 year follow
up of the
subjects
reported in
Tuomilheto,
2009

Same cohort as in
Tuomilheto, 2009
(84)

Intervention
Successful
weight loss (≥
5% of
baseline)
regardless of
group
assigned to.

Comparator
Unsuccessful
weight loss
regardless of
group
assigned to.

Wang, 2012(83)

Nonrandomized
before/after
surgery;
single center

N=180
Patients with a
mild OSA and
diagnosis of
essential
hypertension,
age 51.0 ±10
years

Hypopnea identified
using specified);
defined as 50%
reduction in flow and
3% airflow by nasal
and oral sensor (type
not desaturation.
24 hr BP
measurement
described

Systolic BP
(mean change
± SD)
Successful
group
(+0.7±14.1
mm Hg) vs.
Unsuccessful
group
(0.3±25.7 mm
Hg). Adjusted
p-value 0.74.
Diastolic BP
(mean change
± SD)
Successful
group
(+0.0±9.0 mm
Hg) vs.
Unsuccessful
group (-.3±9.7
mm Hg).
Adjusted pvalue 0.81.

Intervention

Mean 24h

Upper airway
surgery by
indication
(UPPP, HPS,
RFTBA with
tongue-base
or hyoid
suspension)

Pre-operative
vs. Postoperative
Systolic BP
(160±5 mm
Hg vs. 144±1
mm Hg; p<
0.05).
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Comparator
Prior to
surgery and
no OSA group

Diastolic BP
(92±8 mm Hg
vs. 90±12 mm
Hg; p > ns)
Systolic BP
mild OSA vs.
no OSA:
160±5 vs.
152±6 vs. mm
HG, p<0.05
Daytime
Pre-operative
vs. Postoperative
Systolic BP
(165±11 mm
Hg vs. 148±10
mm Hg; p <
0.05).
Diastolic BP
(98±15 mm
Hg vs. 94±10
mm Hg; p <
0.05)
Nocturnal
Pre-operative
vs. Postoperative
Systolic BP
(148±13 mm
Hg vs. 139±14
mm Hg; p <
0.05).
Diastolic BP
(88 ± 8 mm
Hg vs. 86±11
mm Hg; p ns
Systolic BP
mild OSA vs.
no OSA:
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148±13 vs.
138±11
mmHg,
p<0.05Diastoli
c BP mild OSA
vs. no OSA:
88±8 mm Hg
vs. 82±10 mm
Hg;
Dipping status
Pre-operative
vs. Postoperative
Dipper
profile: 48.3%
vs. 61.7% (p <
0.05)
*Data provided as Mean+SD unless otherwise indicated
AHI Apnea-hypopnea index; BP Blood pressure; CI Confidence interval; CPAP Continuous positive airway
pressure; HPS Hard palate shortening; HR Hazard ratio; HTN hypertension; MBP Mean blood pressure; N
sample size; OSA Obstructive sleep apnea; RFTBA radiofrequency tongue base ablation ; UPPP
uvulopalatopharyngoplasty; VLCD Very low calorie diet
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Figure 1. Flow chart of results

DSR Database of Systematic Reviews; Cochrane Central Register of Controlled Trials (CCTR);
Database of Abstracts of Reviews of Effects (DARE); Health Technology Assessment (HTA) and
National Health Service Economic Evaluation Database (NHSEED)

BIBLIOGRAPHY
E53

1.
Agha MA, Habib, R.M. Assessment of carotid artery wall in patients with osa
syndrome and the effect of cpap on its thickness. Egypt J Chest Dis and Tuberc
2014;63:155-160.
2.
Balsevicius T, Uloza V, Sakalauskas R, Miliauskas S. Peculiarities of clinical
profile of snoring and mild to moderate obstructive sleep apnea-hypopnea syndrome
patients. Sleep Breath 2012;16:835-843.
3.
Baldwin CM, Griffith KA, Nieto FJ, O'Connor GT, Walsleben JA, Redline S. The
association of sleep-disordered breathing and sleep symptoms with quality of life in the
sleep heart health study. Sleep 2001;24:96-105.
4.
Batool-Anwar S, Kales SN, Patel SR, Varvarigou V, DeYoung PN, Malhotra A.
Obstructive sleep apnea and psychomotor vigilance task performance. Nat Sci Sleep
2014;6:65-71.
5.
Cui R, Tanigawa T, Sakurai S, Yamagishi K, Imano H, Ohira T, Kitamura A, Sato
S, Shimamoto T, Iso H. Associations of sleep-disordered breathing with excessive
daytime sleepiness and blood pressure in japanese women. Hypertens Res
2008;31:501-506.
6.
Duran J, Esnaola S, Rubio R, Iztueta A. Obstructive sleep apnea-hypopnea and
related clinical features in a population-based sample of subjects aged 30 to 70 yr. Am J
Respir Crit Care Med 2001;163:685-689.
7.
Franklin KA, Sahlin C, Stenlund H, Lindberg E. Sleep apnoea is a common
occurrence in females. Eur Respir J 2013;41:610-615.
8.
Gottlieb DJ, Yao Q, Redline S, Ali T, Mahowald MW. Does snoring predict
sleepiness independently of apnea and hypopnea frequency? Am J Respir Crit Care
Med 2000;162:1512-1517.
9.
Howard ME, Desai AV, Grunstein RR, Hukins C, Armstrong JG, Joffe D, Swann
P, Campbell DA, Pierce RJ. Sleepiness, sleep-disordered breathing, and accident risk
factors in commercial vehicle drivers. Am J Respir Crit Care Med 2004;170:1014-1021.
10.
Ibrahim AS, Almohammed AA, Allangawi MH, HA AS, Mobayed HS,
Pannerselvam B, Philipose MV. Predictors of obstructive sleep apnea in snorers. Ann
Saudi Med 2007;27:421-426.
11.
Isidoro SI, Salvaggio, A., Lo Bue, A., Romano, S., Marrone, O., Insalaco, G.
Quality of life in patients at first time visit for sleep disorders of breathing at a sleep
centre. Health Qual Life Outcomes 2013;11:207.
12.
Ishman SL, Cavey RM, Mettel TL, Gourin CG. Depression, sleepiness, and
disease severity in patients with obstructive sleep apnea. Laryngoscope
2010;120:2331-2335.
13.
Kasai T, Inoue K, Kumagai T, Kato M, Kawana F, Sagara M, Ishiwata S, Ohno
M, Yamaguchi T, Momomura S, Narui K. Plasma pentraxin3 and arterial stiffness in
men with obstructive sleep apnea. Am J Hypertens 2011;24:401-407.
14.
Kezirian EJ, Harrison SL, Ancoli-Israel S, Redline S, Ensrud K, Claman DM,
Stone KL. Behavioral correlates of sleep-disordered breathing in older women. Sleep
2007;30:1181-1188.
15.
Kezirian EJ, Harrison SL, Ancoli-Israel S, Redline S, Ensrud K, Goldberg AN,
Claman DM, Spira AP, Stone KL. Behavioral correlates of sleep-disordered breathing in
older men. Sleep 2009;32:253-261.
E54

16.
Kinoshita LM, Yesavage JA, Noda A, Jo B, Hernandez B, Taylor J, Zeitzer JM,
Friedman L, Fairchild JK, Cheng J, Kuschner W, O'Hara R, Holty JE, Scanlon BK.
Modeling the effects of obstructive sleep apnea and hypertension in vietnam veterans
with ptsd. Sleep Breath 2012;16:1201-1209.
17.
Lecube A, Sampol G, Lloberes P, Romero O, Mesa J, Morell F, Simo R.
Asymptomatic sleep-disordered breathing in premenopausal women awaiting bariatric
surgery. Obes Surg 2010;20:454-461.
18.
Lopes C, Esteves, A.M., Bittencourt, L.R.A., Tufik, S., Mello, M.T. Relationship
between the quality of life and the severity of obstructive sleep apnea syndrome. Braz J
Med Biolog Res 2008;41:909-913.
19.
Mason RH, Ruegg G, Perkins J, Hardinge M, Amann-Vesti B, Senn O, Stradling
JR, Kohler M. Obstructive sleep apnea in patients with abdominal aortic aneurysms:
Highly prevalent and associated with aneurysm expansion. Am J Respir Crit Care Med
2011;183:668-674.
20.
Minoguchi K, Yokoe T, Tazaki T, Minoguchi H, Tanaka A, Oda N, Okada S, Ohta
S, Naito H, Adachi M. Increased carotid intima-media thickness and serum inflammatory
markers in obstructive sleep apnea. Am J Respir Crit Care Med 2005;172:625-630.
21.
Minoguchi K, Yokoe T, Tazaki T, Minoguchi H, Oda N, Tanaka A, Yamamoto M,
Ohta S, O'Donnell CP, Adachi M. Silent brain infarction and platelet activation in
obstructive sleep apnea. Am J Respir Crit Care Med 2007;175:612-617.
22.
Mulgrew AT, Nasvadi G, Butt A, Cheema R, Fox N, Fleetham JA, Ryan CF,
Cooper P, Ayas NT. Risk and severity of motor vehicle crashes in patients with
obstructive sleep apnoea/hypopnoea. Thorax 2008;63:536-541.
23.
Nazzaro P, Schirosi G, Clemente R, Battista L, Serio G, Boniello E, Carratu PL,
Lacedonia D, Federico F, Resta O. Severe obstructive sleep apnoea exacerbates the
microvascular impairment in very mild hypertensives. European journal of clinical
investigation 2008;38:766-773.
24.
Peppard PE, Szklo-Coxe M, Hla KM, Young T. Longitudinal association of sleeprelated breathing disorder and depression. Arch Intern Med 2006;166:1709-1715.
25.
Quan SF, Chan CS, Dement WC, Gevins A, Goodwin JL, Gottlieb DJ, Green S,
Guilleminault C, Hirshkowitz M, Hyde PR, Kay GG, Leary EB, Nichols DA, Schweitzer
PK, Simon RD, Walsh JK, Kushida CA. The association between obstructive sleep
apnea and neurocognitive performance--the apnea positive pressure long-term efficacy
study (apples). Sleep 2011;34:303-314B.
26.
Quan SF, Budhiraja R, Batool-Anwar S, Gottlieb DJ, Eichling P, Patel S, Shen W,
Walsh JK, Kushida CA. Lack of impact of mild obstructive sleep apnea on sleepiness,
mood and quality of life. Southwest J Pulm Crit Care 2014;9:44-56.
27.
Ronksley PE, Hemmelgarn BR, Heitman SJ, Hanly PJ, Faris PD, Quan H, Tsai
WH. Obstructive sleep apnoea is associated with diabetes in sleepy subjects. Thorax
2009;64:834-839.
28.
Samson P, Casey KR, Knepler J, Panos RJ. Clinical characteristics,
comorbidities, and response to treatment of veterans with obstructive sleep apnea,
cincinnati veterans affairs medical center, 2005-2007. Prev Chronic Dis 2012;9:E46.
29.
Serafini FM, MacDowell Anderson W, Rosemurgy AS, Strait T, Murr MM. Clinical
predictors of sleep apnea in patients undergoing bariatric surgery. Obes Surg
2001;11:28-31.
E55

30.
Sharkey KM, Orff HJ, Tosi C, Harrington D, Roye GD, Millman RP. Subjective
sleepiness and daytime functioning in bariatric patients with obstructive sleep apnea.
Sleep Breath 2013;17:267-274.
31.
Shiomi T, Arita AT, Sasanabe R, Banno K, Yamakawa H, Hasegawa R, Ozeki K,
Okada M, Ito A. Falling asleep while driving and automobile accidents among patients
with obstructive sleep apnea-hypopnea syndrome. Psychiatry Clin Neurosci
2002;56:333-334.
32.
Svensson M, Franklin KA, Theorell-Haglow J, Lindberg E. Daytime sleepiness
relates to snoring independent of the apnea-hypopnea index in women from the general
population. Chest 2008;134:919-924.
33.
Tregear S, Reston J, Schoelles K, Phillips B. Obstructive sleep apnea and risk of
motor vehicle crash: Systematic review and meta-analysis. J Clin Sleep Med
2009;5:573-581.
34.
Utriainen KT, Airaksinen JK, Polo O, Raitakari OT, Pietila MJ, Scheinin H,
Helenius HY, Leino KA, Kentala ES, Jalonen JR, Hakovirta H, Salo TM, Laitio TT.
Unrecognised obstructive sleep apnoea is common in severe peripheral arterial
disease. Eur Respir J 2013;41:616-620.
35.
Ward KL, Hillman DR, James A, Bremner AP, Simpson L, Cooper MN, Palmer
LJ, Fedson AC, Mukherjee S. Excessive daytime sleepiness increases the risk of motor
vehicle crash in obstructive sleep apnea. J Clin Sleep Med 2013;9:1013-1021.
36.
Wachter R, Luthje L, Klemmstein D, Luers C, Stahrenberg R, Edelmann F,
Holzendorf V, Hasenfuss G, Andreas S, Pieske B. Impact of obstructive sleep apnoea
on diastolic function. Eur Respir J 2013;41:376-383.
37.
Xiromeritis AG, Hatziefthimiou AA, Hadjigeorgiou GM, Gourgoulianis KI,
Anagnostopoulou DN, Angelopoulos NV. Quantitative spectral analysis of vigilance eeg
in patients with obstructive sleep apnoea syndrome: Eeg mapping in osas patients.
Sleep Breath 2011;15:121-128.
38.
Yeh PS, Lee YC, Lee WJ, Chen SB, Ho SJ, Peng WB, Tsao CC, Chiu HL.
Clinical predictors of obstructive sleep apnea in asian bariatric patients. Obes Surg
2010;20:30-35.
39.
Young T, Evans L, Finn L, Palta M. Estimation of the clinically diagnosed
proportion of sleep apnea syndrome in middle-aged men and women. Sleep
1997;20:705-706.
40.
Avlonitou E, Kapsimalis F, Varouchakis G, Vardavas CI, Behrakis P. Adherence
to cpap therapy improves quality of life and reduces symptoms among obstructive sleep
apnea syndrome patients. Sleep Breath 2012;16:563-569.
41.
Barnes M, McEvoy RD, Banks S, Tarquinio N, Murray CG, Vowles N, Pierce RJ.
Efficacy of positive airway pressure and oral appliance in mild to moderate obstructive
sleep apnea. Am J Respir Crit Care Med 2004;170:656-664.
42.
Back LJ, Liukko T, Rantanen I, Peltola JS, Partinen M, Ylikoski J, Makitie AA.
Radiofrequency surgery of the soft palate in the treatment of mild obstructive sleep
apnea is not effective as a single-stage procedure: A randomized single-blinded
placebo-controlled trial. Laryngoscope 2009;119:1621-1627.
43.
Engleman HM, Martin SE, Deary IJ, Douglas NJ. Effect of cpap therapy on
daytime function in patients with mild sleep apnoea/hypopnoea syndrome. Thorax
1997;52:114-119.
E56

44.
Engleman HM, Kingshott RN, Wraith PK, Mackay TW, Deary IJ, Douglas NJ.
Randomized placebo-controlled crossover trial of continuous positive airway pressure
for mild sleep apnea/hypopnea syndrome. Am J Respir Crit Care Med 1999;159:461467.
45.
Giannasi LC, Almeida FR, Nacif SR, de Oliveira LV. Efficacy of an oral appliance
for the treatment of obstructive sleep apnea. Int J Prosthodont 2013;26:334-339.
46.
Kushida CA, Nichols DA, Holmes TH, Quan SF, Walsh JK, Gottlieb DJ, Simon
RD, Jr., Guilleminault C, White DP, Goodwin JL, Schweitzer PK, Leary EB, Hyde PR,
Hirshkowitz M, Green S, McEvoy LK, Chan C, Gevins A, Kay GG, Bloch DA, Crabtree
T, Dement WC. Effects of continuous positive airway pressure on neurocognitive
function in obstructive sleep apnea patients: The apnea positive pressure long-term
efficacy study (apples). Sleep 2012;35:1593-1602.
47.
Lettieri CJ, Paolino N, Eliasson AH, Shah AA, Holley AB. Comparison of
adjustable and fixed oral appliances for the treatment of obstructive sleep apnea. J Clin
Sleep Med 2011;7:439-445.
48.
Tuomilehto HP, Seppa JM, Partinen MM, Peltonen M, Gylling H, Tuomilehto JO,
Vanninen EJ, Kokkarinen J, Sahlman JK, Martikainen T, Soini EJ, Randell J, Tukiainen
H, Uusitupa M. Lifestyle intervention with weight reduction: First-line treatment in mild
obstructive sleep apnea. Am J Respir Crit Care Med 2009;179:320-327.
49.
Tuomilehto H, Gylling H, Peltonen M, Martikainen T, Sahlman J, Kokkarinen J,
Randell J, Tukiainen H, Vanninen E, Partinen M, Tuomilehto J, Uusitupa M, Seppa J.
Sustained improvement in mild obstructive sleep apnea after a diet- and physical
activity-based lifestyle intervention: Postinterventional follow-up. Am J Clin Nutr
2010;92:688-696.
50.
Tuomilehto H, Seppa J, Uusitupa M, Peltonen M, Martikainen T, Sahlman J,
Kokkarinen J, Randell J, Pukkila M, Vanninen E, Tuomilehto J, Gylling H. The impact of
weight reduction in the prevention of the progression of obstructive sleep apnea: An
explanatory analysis of a 5-year observational follow-up trial. Sleep Med 2014;15:329335.
51.
Yaremchuk K, Tacia B, Peterson E, Roth T. Change in epworth sleepiness scale
after surgical treatment of obstructive sleep apnea. Laryngoscope 2011;121:1590-1593.
52.
Cano-Pumarega I, Duran-Cantolla J, Aizpuru F, Miranda-Serrano E, Rubio R,
Martinez-Null C, de Miguel J, Egea C, Cancelo L, Alvarez A, Fernandez-Bolanos M,
Barbe F. Obstructive sleep apnea and systemic hypertension: Longitudinal study in the
general population: The vitoria sleep cohort. Am J Respir Crit Care Med 2011;184:12991304.
53.
Hla KM, Young T, Finn L, Peppard PE, Szklo-Coxe M, Stubbs M. Longitudinal
association of sleep-disordered breathing and nondipping of nocturnal blood pressure in
the wisconsin sleep cohort study. Sleep 2008;31:795-800.
54.
Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association
between sleep-disordered breathing and hypertension. N Engl J Med 2000;342:13781384.
55.
Marin JM, Agusti A, Villar I, Forner M, Nieto D, Carrizo SJ, Barbe F, Vicente E,
Wei Y, Nieto FJ, Jelic S. Association between treated and untreated obstructive sleep
apnea and risk of hypertension. Jama 2012;307:2169-2176.

E57

56.
O'Connor GT, Caffo B, Newman AB, Quan SF, Rapoport DM, Redline S, Resnick
HE, Samet J, Shahar E. Prospective study of sleep-disordered breathing and
hypertension: The sleep heart health study. Am J Respir Crit Care Med 2009;179:11591164.
57.
Abe H, Takahashi M, Yaegashi H, Eda S, Tsunemoto H, Kamikozawa M,
Koyama J, Yamazaki K, Ikeda U. Efficacy of continuous positive airway pressure on
arrhythmias in obstructive sleep apnea patients. Heart Vessels 2010;25:63-69.
58.
Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Leiby BE, Vela-Bueno A, Kales A.
Association of hypertension and sleep-disordered breathing. Arch Intern Med
2000;160:2289-2295.
59.
Grote L, Ploch T, Heitmann J, Knaack L, Penzel T, Peter JH. Sleep-related
breathing disorder is an independent risk factor for systemic hypertension. Am J Respir
Crit Care Med 1999;160:1875-1882.
60.
Haas DC, Foster GL, Nieto FJ, Redline S, Resnick HE, Robbins JA, Young T,
Pickering TG. Age-dependent associations between sleep-disordered breathing and
hypertension: Importance of discriminating between systolic/diastolic hypertension and
isolated systolic hypertension in the sleep heart health study. Circulation 2005;111:614621.
61.
Kapur VK, Resnick HE, Gottlieb DJ. Sleep disordered breathing and
hypertension: Does self-reported sleepiness modify the association? Sleep
2008;31:1127-1132.
62.
Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S, D'Agostino RB,
Newman AB, Lebowitz MD, Pickering TG. Association of sleep-disordered breathing,
sleep apnea, and hypertension in a large community-based study. Sleep heart health
study. Jama 2000;283:1829-1836.
63.
Rola R, Wierzbicka A, Wichniak A, Jernajczyk W, Richter P, Ryglewicz D. Sleep
related breathing disorders in patients with ischemic stroke and transient ischemic
attacks: Respiratory and clinical correlations. J Physiol Pharmacol 2007;58 Suppl 5:575582.
64.
Sert Kuniyoshi FH, Singh P, Gami AS, Garcia-Touchard A, van der Walt C,
Pusalavidyasagar S, Wright RS, Vasquez EC, Lopez-Jimenez F, Somers VK. Patients
with obstructive sleep apnea exhibit impaired endothelial function after myocardial
infarction. Chest 2011;140:62-67.
65.
Theorell-Haglow J, Berne C, Janson C, Lindberg E. Obstructive sleep apnoea is
associated with decreased insulin sensitivity in females. Eur Respir J 2008;31:10541060.
66.
Young T, Peppard P, Palta M, Hla KM, Finn L, Morgan B, Skatrud J. Populationbased study of sleep-disordered breathing as a risk factor for hypertension. Arch Intern
Med 1997;157:1746-1752.
67.
Gottlieb DJ, Yenokyan G, Newman AB, O'Connor GT, Punjabi NM, Quan SF,
Redline S, Resnick HE, Tong EK, Diener-West M, Shahar E. Prospective study of
obstructive sleep apnea and incident coronary heart disease and heart failure: The
sleep heart health study. Circulation 2010;122:352-360.
68.
Hla KM, Young T, Hagen EW, Stein JH, Finn LA, Nieto FJ, Peppard PE.
Coronary heart disease incidence in sleep disordered breathing: The wisconsin sleep
cohort study. Sleep 2015;38.:677–684.
E58

69.
Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Nieto FJ, O'Connor
GT, Boland LL, Schwartz JE, Samet JM. Sleep-disordered breathing and cardiovascular
disease: Cross-sectional results of the sleep heart health study. Am J Respir Crit Care
Med 2001;163:19-25.
70.
Korostovtseva LS, Sviryaev YV, Zvartau NE, Konradi AO, Kalinkin AL. Prognosis
and cardiovascular morbidity and mortality in prospective study of hypertensive patients
with obstructive sleep apnea syndrome in st petersburg, russia. Med Sci Monit
2011;17:CR146-153.
71.
Marshall NS, Wong KK, Cullen SR, Knuiman MW, Grunstein RR. Sleep apnea
and 20-year follow-up for all-cause mortality, stroke, and cancer incidence and mortality
in the busselton health study cohort. J Clin Sleep Med 2014;10:355-362.
72.
Shah NA, Yaggi HK, Concato J, Mohsenin V. Obstructive sleep apnea as a risk
factor for coronary events or cardiovascular death. Sleep Breath 2010;14:131-136.
73.
Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V.
Obstructive sleep apnea as a risk factor for stroke and death. N Engl J Med
2005;353:2034-2041.
74.
Hudgel DW, Lamerato LE, Jacobsen GR, Drake CL. Assessment of multiple
health risks in a single obstructive sleep apnea population. J Clin Sleep Med 2012;8:918.
75.
Kendzerska T, Gershon AS, Hawker G, Leung RS, Tomlinson G. Obstructive
sleep apnea and risk of cardiovascular events and all-cause mortality: A decade-long
historical cohort study. PLoS Med 2014;11:e1001599.
76.
Redline S, Kapur VK, Sanders MH, Quan SF, Gottlieb DJ, Rapoport DM,
Bonekat WH, Smith PL, Kiley JP, Iber C. Effects of varying approaches for identifying
respiratory disturbances on sleep apnea assessment. Am J Respir Crit Care Med
2000;161:369-374.
77.
Valham F, Mooe T, Rabben T, Stenlund H, Wiklund U, Franklin KA. Increased
risk of stroke in patients with coronary artery disease and sleep apnea: A 10-year
follow-up. Circulation 2008;118:955-960.
78.
Mehra R, Stone KL, Varosy PD, Hoffman AR, Marcus GM, Blackwell T, Ibrahim
OA, Salem R, Redline S. Nocturnal arrhythmias across a spectrum of obstructive and
central sleep-disordered breathing in older men: Outcomes of sleep disorders in older
men (mros sleep) study. Arch Intern Med 2009;169:1147-1155.
79.
Lee JE, Lee CH, Lee SJ, Ryu Y, Lee WH, Yoon IY, Rhee CS, Kim JW. Mortality
of patients with obstructive sleep apnea in korea. J Clin Sleep Med 2013;9:997-1002.
80.
Punjabi NM, Caffo BS, Goodwin JL, Gottlieb DJ, Newman AB, O'Connor GT,
Rapoport DM, Redline S, Resnick HE, Robbins JA, Shahar E, Unruh ML, Samet JM.
Sleep-disordered breathing and mortality: A prospective cohort study. PLoS medicine
2009;6:e1000132.
81.
Young T, Finn L, Peppard PE, Szklo-Coxe M, Austin D, Nieto FJ, Stubbs R, Hla
KM. Sleep disordered breathing and mortality: Eighteen-year follow-up of the wisconsin
sleep cohort. Sleep 2008;31:1071-1078.
82.
Jaimchariyatam N, Rodriguez CL, Budur K. Does cpap treatment in mild
obstructive sleep apnea affect blood pressure? Sleep Med 2010;11:837-842.
83.
Wang H, Zhang, Y., Chen, Y., Wang, X., Liu, Z.,Jing, G., Tong, H., Tian, Y., Shi,
K., Liu, Z., Wang, Y. Obstructive sleep apnea syndrome increases serum angiotensin ii
E59

and incidence of non-dipping circadian blood pressure in patients with essential
hypertension. Sleep Biol Rhythms 2012;10:195001.

E60

