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From the Dcponmrnts excessive daytime somn~lence .~~  
0j Prrvcnlive Mcdicinc Sleep apnea has been considered to 
(Drr Young, H U ~ ~ O ~ ,  and palta be a disease predo-ndy of n~en .~"  The 
md Ms Finn) and Mcdicinc basis for evaluation and treatment was de- 
(Dr Badr). Univcrsirv 01 velo~ed almost entirelv from clinical ob- 

htkgmund: Population-basedstudies have shown that 
sleepapnea isunderdiagnosed inwomen. relative to men. 
One hypothesis for this gender bias is that women with 
sleep apnea are missed because clinical guidelines for the 
evaluation and diagnosis ofsleep apnea, established pri- 
marily on men, are not valid for women. In this investi- 
gation, data from the Wisconsin Sleep Cohort Study, a 
community-based study of the natural history of sleep 
apnea, were used to determine whether women with sleep 
apnea have unique symptoms or complaints. 

Me*hodsx The sample comprised 551 men and 388 
women. none of whom had ever been given a diagnosis 
of sleep apnea. Data on typical sleep apnea symptoms and 
other factors were obtained by interview and survey. Sleep 
apnea status was determined from the frequency of ap- 
neic and hypopneic events during sleep as recorded by 
in-laboratory, whole-night polysomnography. The sen- 

2 -, 
Wisconsin, .uadison. servations of and research on male pa- 

sitivity and relative predictive power of each symptom 
or factor for sleep apnea at different severity levels were 
calculated and compared by gender. 

Roswlkr Regardless of severity level, women with sleep 
apnea did not report symptoms that differed signifi- 
cantly from those of men with the same level ofsleep ap- 
nea. For men and women, snoring was the most sensi- 
tive and strongest predictor of sleep apnea. 

Contbsionsr Current clinical indications for sleep ap- 
nea evaluation are as appropriate for women as they are 
for men. Other reasons for the gender disparity in sleep 
apnea diagnosis. including the possibility that health care 
providers disregard typical symptoms in women. should 
be pursued. 
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I N RECENT YEARS, research Rnd- tients." In clinical populations, the male- 
ingsl+and special reports~I* have female a d o  for diagnosed sleep apnea is 
underscored the need ta iden- typically 8:l orgreater.*"' The few popu- 
tify and to reduce current barri- lation studies that have included women, 
ers to optimal health care for however,showthat undiagnosedsleepap- 

women. One potential cause of gender- nea is ~revalent in women as well as men 
based inequities in evaluation and diag- and estimate the male-female ratio for this 
noses is that clinical guidelines that were condition to be only 2:l or 3:l.'".L7"27 One 
established primarily from research on possible explanation for the gender ratio 
men may not be valid for women. We in- disparity between clinical and general 
vestigated whether the recently recog- populations is that women with sleep a p  
nized underrepresentation of women nea have differentmanifestations, and cur- 
among patients with diagnosed sleep ap- rent indications for evaluation will selec- 
n e a ~ 3 - ~ 8  can be explained by gender- tively fail to evaluate and diagnose their 
biased guidelines. We used data from a disorders. 
population-based s tudy of sleep- ~lthough the gender disparity in sleep 
disordered breathing to test the hypoth- apnea diagnoses has caused concern. ia 
esis that women have symptoms of sleep cause has not yet been investigated. A few 
apnea that differ from the current clini- studies offer limited data suggesting that 
cal indications for sleep apnea evalua- symptom differences may exist. Results of 
tion. namely, habitualsnoring, loud snor- a study of acquaintances and relatives of 
ing, breathing pauses during sleep, and patients with sleep apnea indicated that 

See Study Participants 
and Methods on next page 1 



STUDY PARTICIPANTS 
AND METHODS 

SAMPLE 

The 388 women and 551 men enrolled in the Sleep Co- 
hort Study, a longitudinal study of the natural history of 
sleep-disordered breathing as assessed by laboratory poly- 
somnography, constitute our sample. Details of the con- 
struction of the Sleep Cohort Study sample have been re- 
ported previo~sly.'~ A 2-stage sampling scheme designed 
to optimize study power by enrolling more subjects who 
were more likely to have sleepdisordered breathing was 
used to construct a cohort with a wide spectrum of sleep 
disordered breathing severity. In the first stage. 6947 men 
and women, 30 to 60 years of age, employed at 1 of 5 large 
state agencies in south central W~consin, were surveyed 
about their sleep patterns and other characteristics by mailed 
questionnaire. Completed questionnaires were returned by 
5029 subjects. resulting in a response rate of 72.4%. A com- 
parison of respondents and nonrespondents with respect 
to personnel data, includingsex, age, andjob category, re- 
vealed no significant differences (P>.10 for all). 

In the second staee of samplinrr, resuonses to 6 sur- 

common reason for declining to participate was the incon- : 
venience of sleeping away from home. 

COLLECTION OF DATA 

Self-wported Sleep Disturbances and Other Roblem 

Each subject completed a self-administered questionnaire 
by mai1l6 and had a structured personal interview on the 
night of their sleep study. ~hesc  insmmentsaddrd most 
presenting complaints encountered in sleep disorder clin- 
ics and included questions on life and health satisfaction 
and a depression scale. Separate questions on frequency of 
snoring, snorting, and breath pausesduring sleep were in- 
troduced-by the following: 'According to what others have 
told you, how often, if ever, do you -?" and 'Aside 
hom what others have told you. how often. if ever, do you 
have the feeling that you -?" Six semiquantitative re- 
sponse categories were offered, ranging from never to ev- 
ery night or almost every night. For other sleep problem. 
subjects were asked to check a 5-point scale ranging from 
never to almost always (16-30 times per month). All ques- 
tions included 'do not know" as a category. Dichotomous 
variables to represent often or always having each of the 
~ m ~ t o m o r  uroblems. corrcswndinrr to usual clinical com- . -. . . . 

vey questions, answerei with a 5-point frequency scale and levels df significance, were co&cted. Do not know 
'do not know." were used to classih, survw ranondents resnonses were treated as missine data. Snorinp. loudness , ~C 

as high risk according io whether &ey reported habitual 
(ie. 3-7 nights per week) or frequent (ie. at least 1 night 
per week) snorting or breathing pauses or extremely loud 
snoring. All other survey respondents were classified as low 
risk A sampling ratio of 2:l high- to low-risk survey re- 
spondents, frequency matched by sexand 2-yearage p u p s ,  
was used. The resultant sampling fractions and underly- . - 
ing proportions of men and women by risk group in the 
defined sampling frame were used to unweight results to 
reflect the sampling frame. 

Subjects were recruited for the overnight sleep study 
by both mail and telephone calls. Exclusion criteria in- 

~~ ~~ - - 
was rated using 4 categories; subjects who reportedsnor- 
ing louder than talking were classified as loud snorers. 

Questions about daynme sleepiness and its functional 
impact were designed to help discriminate between physi- 
cal fatigue and underlying somnolence. Subjects were first 
askcdabout feelingti~d or fatigued, followed by this ques- 
tion: 'Many people have periods of low energy or fatigue. 
but do you experience excessive sleepiness, when it is dif- 
ficult to fight an unconuoUable urge to fall asleep?" For both 
questions, subjects were asked if the fatigue or sleepiness in- 
terfered with any of 7 aspects of daily living. Reponing fa- 
tigue or sleepiness that interfered with at least 1 aspect of 

ciuded pregnancy, uns&ble or decompewted cardiopul- lge was co&idered a positive response. Subjects were also 
monarv disease. airwav cancer. recent uDoer airwav mr- asked to rate their satisfaction with life (completely, mosdy. . . 
gery, a"d trache~stom;. Eight Gpondents were exAuded moderately, or not very satisfied) and gneril health (excel- 
based on these criteria. Of the 2019 invited, 970 have thus lent. very good, good, fair, or poor). The Zung Self-rating 
far completed an overnight sleep study, resulting in a par- Depression Scale was used to measure depression Zung 
ticipation rate of 48.0% for this investigation. The most scores range from 20 to 80 (most depressed): a score of 50 

women. compared with men with undiagnosed sleep ap- 
nea, underreport the classic symptoms." Two studies of 
clinic patients have shown that women with sleep ap- 
nea report other problems in addition to the classic symp- 
t o m ~ . " ' ~  In the present study, we compared men and 
women. matched for severity level of sleep apnea as de- 
termined by standard polysomnography, on typical sleep 
apnea symptoms, daytime somnolence, fatigue, other 
sleep-related problems. depression, life satisfaction. and 
health perception. 

Responses to questionnaire items of subjects who un- 
derwent p~lysomno~raphy and those who refused were 
compared. according to gender. Questionnaire items in- 

cluded sleep characteristics. body height and weight. 
smoking habits, and sododemographics (Table 2). There 
were no gender differences in response trends; partici- 
pants and nonparticipants, regardless of gender, did not 
differ on reported occurrences ofsnoring or other breath- 
ing abnormalities duringsleep. Both men and women who 
underwent polysomnography tended to have higher edu- 
cational status and, particularly for the low-risk sub- 
jects, to report more excessive daytime sleepiness. For 
the other somnolence measures, however, no panicipa- 
tion bias was seen. 

The sensitivity of the classic sleep apnea symp- 
toms, other sleep problems, and other characteristics for 
each AH1 category, according to gender. are shown in 
Table 3. There are interesting differences in the male 
and female prevalence of typical sleep apnea symptoms 
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or greater is commonly used to indicate mild or worse de- 
pression. We also ascertained fromsubjects' history of drug 
use whether they usedantideprasants. Subjects with a Zung 
score of 50 or greater or who used antidepressants re- 
celved a code of positive for depression. 

Polysomnographic Assessment of Sleep Apnea 

Full-night polysomnography was performed to determine 
the occumnce and frequency of apneas and hypopneas dur- 
ing sleep for each subject. Sleep studies were conducted 
in the sleep research laboratory designed specifially for the 
Sleep Cohort Study. Use of a single-night assessment of 
breathing parameters was deemed acceptable based on re- 
sults from repeated studies on a subset of 40 subjects.'' 

The polysomnography consisted of continuous poly- 
graphic recording from surface leads for electroencepha- 

physiologic evidence of at least mild sleep apnea. andacut- 
off point of 15 is often used to indicate clinically significant 
sleep apnea. However, the significance of any particular cut- 
off mint has not been adequately determined. 

01 the970completedsm&&. 31 did not meet the cri- 
teria foracceatable oualitv. These were excluded due to tech- . , 
nical problems with the polysomnography signals, less than 
4 hours of scorable sleep, or the absence of rapld eye move- 
ment sleep. The distributions of menand women who com- 
pleted sleepsmdies, according to samplingsmtumandAH1. 
are presented in Tab l r  1. 

Ascertainment of Previously Dingnosed Sleep Apnea 

To determine the ratio of men to women with previously 
diagnosed sleep apnen in our sampling frame. we con- 
tacted all surveyed respondents who indicated that they had 

logaphy, electr&culographv, elecaomyopphy,and~lec- been told by a physr=-tan that they had sleep apnea. These 
trocardroeraohv and from nonrnvasrve sensors for w a l  resoondents were asked for the date of dlagnosls, treat- - . ,  
airflow (thermocouples), oral airflow (capnograph), ua- mentprrscribed,andtheirdetaileducperiencewith the treat- 
cheal sounds (a miniature microphone). thoracic and ab- ment. if any. 
dominal respiratory effort (inductance plethysmograph), 
and oxyhemoglobin level (finger-pulse oldmeter). The nans- STATISTICAL ANALYSIS 
ducers and lead wires permitted normal positional changes 
durin~sleep. Bedtimeandawakeninprime wereat eachsub Data were analyzed with SAS" and SUDUNJ2 software 
Ject's ducr=tion: the polysomnography was terminated at- modules ford&cripnve stausucs, conungency tables. and 
ter frnal wakenme. muinole loprsuc remanon Two-tariedPvaluesofless than I 

Each polyso&ograph record was manually scored by 
a sleep technician and validated by a board-certified sleep 
specialist (S.B.). Sleeo data werestaped (stapes I. 11.111, and 
IV and raprd eye movement sleep?accor&ng to the sys- 
tem of Rechtschaffen and Kales.m An abnormal breathlne - 
went occurring during obiectively measured sleep was de- 
fined according to the>ommonlyused clinical Gterion of 
either a complete cessation of airflow lastine 10 seconds 

.05 inhicat2 sta&cal sigdicance. In all analywr, sample 
weighting was used to give unbiased estimates and SEs of 
the sampling frame prevalences of snoring and other self- 
reported sleep-related breathing disturbances. Within each 
AH1 category, the X' test was used to determine signifi- 
cant diuerences in proportions of men and women with 
the sleep problems and other factors of interest. Differ- 
ences in mean values were asses4 by the Student t tests. 

or more (npn& or a reducuon in venulatlo~(detmnmed Muluple loptlc regression was used to esumte gcn- 
bv a 25% or neater decrease in the amolttude in clther of der-suec~fic odds ranos for asMclauonrofsle+p apnea ~ t h  
tie 2 respirayory effon signals) resultiAg in a decr- of each~tentialsletpapneasymptomorotherproblem. Mod- 
4% or more in oxyhemoglobin saturation (hypopnea). els included sleep apnea sralus as the dependent variable 

The averaee number of eoisodes of aonea and hwop  (either AHI >5 vs AH1 <2. or AH1 >I5 vs AH1 <2) .  1 PO- 
nea per hourof;lecp (theapn&-hypopnea index l ~ ~ l i j w &  tenual symptom or ~roblem (codedas praent or no1 pres- 
calculated as the summarv measure of sleeodlsordered ent). terms for sex and ape in years, andan inreracuon term 
breathing. For categorical analysis. cutoff points of 0 to less 
than 2.210 less [ha-n 5.5 to I& than 15. Hnd 15 or greater 
were used. Typically. 3 cutoff porn1 of 5 is uud to indicate 

- .  
for sex and the potenrial symptom. The interaction term 
allowed assessment of the statisticalsignificance of the dif- 
ference in odds ratios for men and women. 

within each AH1 category (Table 3). For those with an 
AH1 greater than 15, men tended to report these symp- 
t o m  more often than women did, but the differences were 
not statistically significant. In subjects with mild sleep 
apnea (AH1 from 5 to <15), male and female preva- 
lences were surprisingly similar. The most significant gen- 
der difference for these symptoms, however, was among 
the subjects without evidence of sleep apnea (AH1 from 
0 to <2). Men without sleep apnea were 3 times as likely 
to report these symptom as were women, indicating the 
poor specificity of these symptoms for men. For both men 
and women. the symptoms of snoring and other breath- 
ing symptoms and hypersomnolence increased in preva- 
lence with higher AHI. However, there was a different 
uend for women, compared with men. As seen in the 
Itgum, the prevalence for reporting any sleep apnea 

symptoms (loud or  frequent snoring. snorting, or breath- 
ing pauses) increased more sharply at a lower AH1 for 
women and more sharply at a higher AH1 for men. 

For the other sleep problems, the only variable that 
showed a gender difference was waking up with head- 
aches (Table 3). Prwalences, however. did not increase 
with AHI, and for all AH1 categories, a higher propor- 
tion of women reported waking up with headaches than 
did men. 

As shown in Table 3, age and body macs index (BM1). 
common clinical correlates of sleep apnea, increased with 
AH1 for both men and women. Compared with men, 
women with an AH1 of 15 or greater appeared to have a 
significantly greater BMI. This finding suppons clinical 
observations that women with sleep apnea, compared with 
men, tend to be more overweight." Women were more 
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likely than men to be de~ressed or to reuoti dissatisfac- nea for men and women. and there was no difference m . 
tion w th  life. regardles;of AHI category. 

The gender comparison of odds ratios reflecting the 
ability of bas~c sleep apnea symptoms (snoring, breath 
pauses. and hypersomnolence) to predict sleep apnea at 
2 severity levels (AH1 of 5 to < 15 and 2 15) are given in 
Tabla 4. The breathing symptoms that were strong pre- 
dictors of sleep apnea for both men and women ap- 
peared to be strongest (reflected by higher odds ratios) 
for women. regardless of AH1 cutoffpoint. Although the 
same trend predicted AHis of 5 to less than 15 and 15 or 
greater, the gender difference in strength was statisti- 
cally sign~ficant only at the lower cutoff point. Thus, in 
contrast to the study hypothesis that predicted the odds 
ratios would be significantly higher for men compared 
with women, these findings support the converse. Hy- 
persomnolence was a sign~ficant predictor of sleep ap- 

h b l s  1. Gender and Risk-Speciflc Distribution 
Of the Sample by AHI* 

No. (%) ol Sublectr 
I 1 

Woman 

NII -- IIWI R Y  Low Risk Hlgh Risk La Risk 
CL 155 (42.9) 115 (60.5) 114 (54.5) 159 (66.8) 
2 t0 <5 75 (20.8) 45 (23.7) 44 (21.0) 9 (5.0) 
5 (0 <I5 66(18.3) 23 (12.1) 37(17.7) 8 (4.5r 
z15t 55 (18.0) 7 (3.7) 14 (6.7) 3U.7) 
T0bl 361 (100) 1W (100) 209 (100) 179 (100) 

' M I  indcares apnea-hypopnea index. N=939. Penmfages have been 
mmded and may nof total 1W. 

tMeanzSD (range) score lor women wim AH1 of 15 or oreater was 
31.12 18.3 (15.2-76.4); lor men, 34.7?20.2 (15.2-97.5). 

the strength of the association by gender. There were no : 
significant gender effects for any other sleep problems, 
quality of life measure, or any other study factors. 

We determined through personal contact that lomen 1. 
and 1 woman in the entire surveyed sample had a diag- . 
nosis of sleep apnea. Based on the total number of male 
(n=2275) and female (n=2650) survey respondents for 

1 
-1 whom we had complete data, the male-female ratio for di- . . 
! 

agnosed sleep apnea in our sampling frame was 11:1, cor- 
responding to the ratio reported by sleep disorder clinics. : 

Thk analysis has shown that in a community-bad sample 
of middle-aged adults, women with mild (AH1 from 5 to ' 
less than 15) and more severe (AH1 of >15) sleep apnea 
generally repon the same symptoms as do men with simi- 
lar sleep apnea status. Neither the sensitivity nor speci- 
ficity of the classic symptoms was significantly higher for 
men compared with women. and no unique symptoms for 
women were found Althoughmost of the symptoms other 
than snoring had a low sensitivity in both men and women, 
the gender similarity in symptom profiles impomntly in- 
dicates a similar disorder. Furthermore. the ability of the 
symptoms to predict sleep apnea (eg, positive ~redictive 
value) was not higher for men, compared with women. 
Regardless of the AH1 cutoff point, habitual snoring was 
the best predictor ofsleep apnea for both men and women. 
The other 2 clinically recognized symptoms of reported 
breathing pauses and hypersomnolence were significant 
predictors for both men and women also. 

Although we found a nominal gender difference in 
the sensitivity of frequent snoring for an AH1 of 15 or 

Table 2. ChanclsrMicr of Partlcipants and Nonparticipants According to Gender and Rlsk Gmup 

Hlgh-Rl* Omup lorr-~lsk Omop 
1 I I 1 

Men Woman Man women 
I I I I  I 

rhmclpanb Nonpa~cfpand hmciptnb Nonpadlcipnts Pamcipanb N~npa~liclpanb hrtlclp.nb NonpaMclpanb 
TOM. X 51.7 48.3 50.8 49.2 41.2 58.8 39.7 60.3 
Mean age. Y 45.4 44.8 43.7 44.0 42.8 u . 3  43.2 43.5 
Mean BMI. 28.5 28.4 30.4 29.3 25.6 25.8 25.4 24.9 
Hklh School graduats 

or less. % 54 M 73 75 32 41 53 60 
Snoring. I 

a 6  n i g w  68 62 67 66 0 0 0 0 
Fm nighlsJmo 3 2 2 2 37 39 22 27 

Snorting a1 night/wk, 
'4 34 30 32 26 0 0 0 0 

Breamins pausas 21 
n l p w  st 18 15 9 ' 7  o o o o 

Donng while watching 
television. YO* 48 42 43 47 25 21 33 245 

Excessive sleepmess. 
% t  22 16 30 215 13 8 17 

Nonrestorativn sleep, 
4 

X t  29 27 43 35 15 13 21 1% 

indiclres body mass index. 
tLow-risk men and women by definition did not report snoring more than 3 nights per week or snorting or bnafhing pauses 1 n ighwek Or  more. 
tlndicares more rhan once per we& 
§Pa*jcwants were sign~ficant/y dltferent tom nonpamcipants (P<.05). 
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Tabla 3. Gandar CMlparlron Accardln# to MI Crtapoq* .~ .,;. .. ';'i:::-% . . .  ,': : i -s . . . , . ,:.;. - .  ,.;...: %-. . ;. . : .- . . , 

MI catEts(w 
I I 

d 2 0 4  S lo c15 a15 To l~ l  

Problem 
- - -  
M m  wmln 'mu WE& m warm 'm i  won.: o n  wmm' 

Cllniar Simp mpi~llll . . . . 
s u b i s  informant-based pnew 

Snoring a 3  n i g h m  30.4 10.8t 28.5 6 . 8 t  45.9 50.7 1126 58.0 36.5 1 7 3  
Loud Snoring 227 9 . 8  40.0 24.1 39.5 31.5 61.3 38.8 324 1 2 6 t '  
Snorting 2 1  n i g w  7 4.5t 10.4 13.7 17.0 19.1 322 :16.4 13.3 . 6 5 t  
Breathing pauses a 1  nipMNvk 5 2  0.77 6.0 4.6 6.7 9.6 24.4 - 1 2 1  . 7.2 1% 
Snoring a3 nigh* or loud 31.7 112t 30.5 3.0 47.8 522 825 6 2 0 .  37.9 18.4 
'4 locks. a 1  nighwk 162 9.6 102 21.6 9.5 18.4 142 4.0 13.6 11.1 

SubiecI's sen-perception 
Snoring a 3  nightrrwX 51) 3 2  8.0 9.0 125 142 24.3 -20.6 7.9 4.8t 
Snorting a t  ni~hthvk 1.8 1 2  0.8 8.2t 3.0 3 6  6s 8.0 2 1  2 4  

sleepiness sl Umehvk 12.8 2 l . l t  12.7 10.9 16.7 28.6 302 24.9 14.4 20.8 
Nonrenoradve sleep sl t immk 172 27.0 25.2 29.1 32.6 34.7 35.3 28.9 22.9 27.7 
Qming while watching teIMsion 
>I time/wk 27.9 31.1 41.5 46.7 528 41.6 53.7 29.0 37.0 33.0 

D02iII9 at meetings >1 t i m M  4.7 8.1 6.3 5.8 5.0 8.1 16.7 0 .M 6.1 7.7 

Sloop Pmbiam: 
Present 1 1  H m M  

D'fficuiiy initiating sleep 18.7 18.0 20.2 17.2 15.7 23.7 18.0 2 l . O  18.6 '16.4 
Difficulty maintaining sleep 21.0 25.1 29.4 120 10.6 15.8 21.1 24.8 21.6 23.4 ' 
Repeated wakenings 30.6 28.0 17.6 23.3 26.8 22.5 33.5 25.0 27.1 . 27.4 
Too eady wakening in morning 16.0 192 22.4 30.5 8.3 19.0 21.5 12.3 17.0 ' 20.0 
DiiKIuily waking up 12.5 20.7 12.3 15.8 21.3 19.1 20.6 12.7 14.4 20.0 
Nightmares 4.5 8.7 1 2  8.5 15.1 8.1 7.9 8.3 5.5 8.6 
Restless legs 10.9 9.9 19.4 13.0 9.6 192 16.7 8.5 13.3 10.7 
Waking wim headache 4.4 ' 121t 0.9 126t  3.0 17.1' 4 2  123t 3 3  125t 
Need s e d a w  lo  sleep 2 0  2 2  2 6  4.6 1.5 4.9 0.0 0.0 1.9 2 5  
Nasai congenion at night 15.5 18.8 9.3 17.3 25.5 23.8 15.9 25.0 15.4 192 

Pllalnv 01 U10 Moamm. Ago. and BMl 
Not Misfled with IWe 2 8  4.9 0.5 13.9 2 2  11.8 9.1 26.6 . 2 7  6.6t 
Fair or poor heath dual ton 2 9  1.3 1.0 3.6 2.8 5.0 16.8 4.7 3.8 1.8 
Z u n ~  score of 250 or a n l i d e p w  we 14.7 22.7 6.8 14.8 24.9 19.4 18.8 428 14.6 22.3 
a 1  lids iunclion affected by fatiguet 43.4 60.47 130.1 6l.D 582 65.1 38.4 62.5 49.1 60.W 

rite function atlected by sleeplnW 10.0 13.0 19.5 24.8 27.3 14.7 322 39.0 17.0 14.7 
Mean age, y 429 42.8 46.7 48.2 483 492 47.5 46.0 44.7 43.8 
Mean BMi 26.5 27.1 29.0 30.9 31.9 23.3 333 41.4t ' 2 8 . 5  26.0 

'AH! Nla!cales apnea-hypopnea nrdex. BMI bWy mau index Nd39 Unless othemse lna~cared. data am given as penent 01 sub lm 
tpropomon 01 women was s,qn,bcanny aerenr horn pmponlon 01 men IP< 0.5) 
ZlnCJudes mooa, ma. relauonsn,ps, enloymenr 01 h h  aolnry ro concenlrale. monvaoon, and house!+& 

greater, the diflerence is too small to explain the 11:l male- 
female ratio for previously diagnosed sleep apnea that we 
estimated for this population. Among subjects with an 
AH1 of 15 or greater. 83% of the men and 62% of the 
women reported at least 1 of the c h i c  breathing symp- 
toms of habitual snoring, loudsnoring, snorting, or breath 
Pauses. Assuming that subjects with an AH1 of 15 or 
greater sought care and that only those who reported the 
classic symptom subsequently underwent evaluation. 
40% of women and 20% of men would be missed. How- 
ever. given the 2.3:l male-female ratio for undiagnosed 
sleep apnea in this populat i~n, '~  the degree to which 
women underreported typical symptom in our sample 
would only lead to a ratio of 3:l. rather than 11:l. 

Similar conclusions can be drawn from the data of 
Redline et all7 in a community-based study of relatives 
and neighbors of patients with sleep apnea. The male- 
female ratio for undiagnosed sleep apnea in their study 
Was 2:l. and they estimated that the male-female ratio 

for diagnosed sleep apnea was 8:l. Among subjects with 
an AH1 of15 orgreater determined by home monitorsrud- 
ies, 76% of the men and 41% of the women reported at 
least 1 snoring symptom. This degree of underreporting 
by women, assuming that other aspects of care seeking 
and provider responses are equal. would lead to a clini- 
cal ratio of3.7:l. Thus, underreporting of the classic symp- 
toms, although present to a small degree. does not 
appear to be a sufficient explanation for the underrep- 
resenration of women with sleep apnea in sleep clinic 
populations. 

Our findings do not support the hypothesis that the 
higher male-female ratio for sleep apnea in sleep clinic 
populations can be explained by a unique symptom pro- 
file for women. andstrongly suggest that the cause of the 
gender disparity lies elsewhere. Several features of our 
study increase the robustness of this conclusion. A par- 
ticular strength is that we measured sleep-disordered 
breathing with full-night laboratory polysomnography. 



the same test used in clinical practice that has given rise 
to the high male-female prevalence ratios at issue. Thus. 
the AHls assigned to subjects in this study are directly 
comparable to scores that would have been recorded if 
the subjects had undergone a clinical evaluation, al- 
though the findings could be spurious if there was a sys- 
tematic response bias (eg, if women, but not men, with 
sleep apnea who had atypical symptoms refused to par- 
ticipate). However, we found no evidence ofany gender-. 
specific response bias that could explain our findings. 

Other hypotheses for underdiignosis in women in- 
clude failure of women to acknowledge or to seek help 
for sleep apnea symptoms and failure of medical care pro- 
viders to respond to these symptoms in women. Our 
analysis has shown that women, at least when specifi- 
cally asked on a questionnaire or in a personal inter- 
view, will report their sleep problems such as snoring. 
gasping, and breathing pauses. It cannot be assumed from 
these data that women would report similarly in a clini- 
cal situation, but we found no evidence to suggest that 
the underdiagnosis of women is due to reluctance to ad- 
mit to such symptoms. In our study, we did not deter- 
mine if women, compared with men, were less likely to 
seek medical treatment for sleep apnea symptoms. How- 
ever. women have more frequent contacts with medical 
care providers than do men,"," and thus general care- 
seeking pattern do not support the hypothesis that the 

Percentage 01 men and m e n  reporting any of the following: hcquent 
Snoring (3 or mom nights per week), loud snoring. or c€wsioMl(1 or 
more nights per week) snorting or apnea. by apnea-hypopnea index (AHIJ 
categones. Asfensk indicates that proportron 01 women 1s signficantty 
drtlerent from proportion of men (Pc.007). 

'=q 
gender ratio discrepancy in sleep clinics is due to fewer - ; 
women seeking help for sleep problems than men. :3 

The possibility has been raised that subjects with 
screendetected sleep apnea may differ from patients with 
a diagnosis of the clinical syndrome. even at the same 
level of apnea and hypopnea occumence. If this were m e ,  
the high male-female ratio in patients with sleep apnea 
would not necessarily indicate underrepresentation of 
women, but could simply reflect genuine excessive male 
prevalence. However, it appears that our sample and other 
community samples of subjects with smendetectedsleep 
apnea are quite similar to those with sleep apnea seen in 
clinics with respect to age. BMI. and symptoms."-" 

We did find that prevalences of morning headache, 
depression, and anxiety were significantly higher in gen- 
eral for women, compared with men, regardless of sleep 
apnea status. It is possible that the presence of these com- 
plaints in women, although they are independent of the 
underlying apnea, may indirectly contribute to under- 
evaluation of the problem in women, as suggested by Am- 
brogetti and colleagues." On finding a higher preva- 
lence of atypical symptoms in addition to the classic 
symptoms among women in their sample ofpatients with 
sleep apnea, these authors hypothesized that although 
the atypical symptoms reflect a general difference be- 
tween men and women, the mention of these symptoms 
could cause physicians to discount sleep apnea and turn 
to other diagnostic possibilities. 

An inuiguing finding was the lower AH1 cutoff point 
at which women. compared with men, were distinctly 
more symptomatic. Women with an AH1 from 2 to ~ S S  

than 5 were more similar to women with an AH1 of 15 
or greater than they were to those with very few or no 
events (AH1 from 0 to ( 2 ) .  In contrast. men with an AH1 
from 2 to less than 5 could not be distinguished from those 
with an AH1 from 0 to less than 2. This gender differ- 
ence may be due to a higher prevalence of upper airway 
resistance sleep-disordered breathing in women, de- 
scribed by Guilleminault and colleagues." This condi- 
tion seems to differ from sleep apnea only in that the ab- 
normal breathing events do not manifest as breath pauses 
measurable by airflow and oxygen desaturation. Detec- 
tion of the resistance events requires intraesophageal or 
other airway pressure monitoring, which is not a part of 
standard polysomnography. However, because neither 
population studies nor clinical diagnostic studies use the 
invasive monitoring necessary to detect this syndrome, 

Tabla 4. Odds Ratio Estimates of lha Ralatlw Pndlctiva Value ol Self-reporled Symptom for AH1 Categov According lo GsndeP 

Odds Ratio (95% Conlldanca Intarni) 
I 1 

~ 1 5 t o ~ 1 S n ~ 1 0 l o < 2  UII r 1 5 n U I l O t o < 2  
7 

~- --- - 
I I 

Re~afted Svmflom Man Woman Man Woman 

Snonng +3 ntghtshvkt 2.7 (1 35.7) 11.8 (5.4-25.9)t 13.3 (4.2-424) 15.5 (3.461.1) 
Breathing pauses 2 1  n i g h w  2 1  (1.14.3) 13.5 (3.9-46.3)t 4.9 (2.3-10.4) 16.4 (2.7-99.8) 
2 1  M e  function affected by 
sleep~new 3.3 (1.5-7.3) 22 (0.9-5.1) 3.8 (1.&7.8) 5.2 (1.5-18.6) 

I 

'AH1 indicates apnea-hypopnea index. N=939. 
thlormant based, 
*Odds Rtio lor women was signmcantty dinerent Imm odds ratio lor men (Pc.05). 
5lndudes mood, wo*, relationships. enjoyment of life. ability to concentrate. motivation. and housework. 



undetected upper airway resistance syndrome in women 
would not explain the gender disparity reflected by con- 
ventional polysomnography. 

The American College of Chest Phy~icians.~ the As- 
sociation ofsleep Disorder Centers," and the American 
Thoracic SocieqJ9 all emphasize the importance of snor- 
ing and daytime sleepiness as indications for sleep stud- 
ies. We conclude from our study that these indications 
for referral are no less appropriate for women than for 
men. A more plausible. but untested hypothesis is that 
health care providers are failing to ask the appropriate 
follow-up questions for sleep apnea screening when 
women complain of problems associated with sleep ap- 
nea. It is also possible that providers are failing to inter- 
pret the classic sleep features associated with sleep ap- 
nea as an indication for sleep evaluation or referral when 
they are reported by women. The latter explanation may 
hold particularly true when women coincidently pre- 
sent with psychological or atypical symptoms in addi- 
tion to the classic sleep apnea features. To help remedy 
the underrepresentation of women in sleep clinic popu- 
lations, efforts should be made to educate primary care 
and other physicians concerning the prevalence of sleep 
apnea in women, the need to take histories of snoring 
and sleep problems from women as well as men. and the 
importance of refening women for sleep studies when 
they complain of snoring and other symptoms associ- 
ated with sleep apnea, even if other atypical symptoms 
are also mentioned. 
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