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Abstract

Objectives: Prior studies have identified symptom subtypes of moderate to severe (AHI >15) 

obstructive sleep apnea (OSA). They have not yet been consistently examined in those with mild 

OSA (AHI 5–15 events/hour). This is important as women are more likely than men to present 

with mild OSA and may present with different OSA symptoms. The objectives of this study 

were to determine 1) symptom subtypes in mild OSA and 2) if there are sex differences in the 

distribution of subtypes.

Methods: The sample included men (n=921) and women (n=797) with mild OSA, aged 39–90 

years, evaluated with a single night of in-home polysomnography as part of the Sleep Heart Health 

Study. Latent class analysis determined symptom subtypes. Testing for sex differences relative to 

OSA severity and symptom subtype used chi-squared test for independence. Bonferroni corrected 

z-tests compared column proportions.

Results: Symptom subtypes of mild OSA were not significantly different than those identified in 

prior studies of moderate-severe OSA (p >.05): minimally symptomatic (36.4%), disturbed sleep 
(11.6%), moderately sleepy (37%), and excessively sleepy (15%), p >.05. Sex differences within 

the symptom subtypes were significant [χ2(df = 3) = 30.04, p<.001, Cramer’s V = .132]. Relative 

to men, women were more likely to be in the disturbed sleep subtype (p<.05), and the excessively 
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sleepy subtype (p<.05) while less likely to be in the moderately sleep (<.05) subtype. Women and 

men were equally represented in the minimal symptoms subtype (p>.05).

Conclusions: Results suggest symptom reporting among individuals with mild OSA differs as a 

function of sex. These data have important clinical implications for screening men and women for 

OSA.
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1. Introduction

Obstructive sleep apnea (OSA), defined as recurrent cessation of breathing (apneas) or 

decreased airflow with oxygen desaturation (hypopnea) during sleep, is a serious health 

condition associated with adverse comorbidities and health outcomes, including mortality.1 

Patients with OSA present with various symptoms including sleepiness, morning headaches, 

and complaints of restless sleep, among others.2 However, symptom presentation in OSA is 

highly heterogeneous. In efforts to understand this heterogeneity, recent studies3–6 identified 

that patients with OSA can be grouped into symptom subtypes, including disturbed sleep 

(with insomnia complaints), excessively sleepy (with severe daytime sleepiness complaints), 

moderately sleepy (with moderate sleepiness complaints), and minimally symptomatic 

(without major sleep complaints). The excessively sleepy subtype of moderate-severe OSA 

was the only subtype associated with increased incidence of cardiovascular diseases in 

the Sleep Heart Health Study.3 This indicates the clinical importance of identifying OSA 

symptom subtypes.

While recent studies have characterized symptom subtypes of OSA, these studies have 

emphasized individuals with moderate-severe OSA (apnea-hypopnea index [AHI]≥ 15).7 

However, mild OSA (AHI 5–14.9) comprises a larger proportion of those with OSA than 

does moderate-severe OSA.8 In addition, despite the high prevalence of mild OSA, little 

is understood about the relevance of symptom presentation and existence of symptom 

subtypes in these patients. It is unclear whether symptom subtypes are similar or different in 

individuals with mild versus moderate to severe OSA or if symptom subtypes differ in men 

and women.

OSA is underdiagnosed in women. For example, the Society for Women’s Health estimates 

that only 1 in 10 women with OSA are diagnosed with this disorder.9 Moreover, while 

women are less likely to be diagnosed with OSA than men, its prevalence increases during 

the menopause transition.10 Several researchers have suggested that OSA in women goes 

unrecognized because they present with ambiguous or different symptoms of OSA than 

men,11–14 however, there remains little systematic research on sex differences in OSA 

symptom presentation. Women on average have a lower mean AHI than men; as a result, 

they comprise a larger proportion of the population with mild OSA (68%) than in the 

severe OSA category (12.2%).13 Since most studies have focused on moderate-severe OSA 

to examine symptom subtypes, women have been underrepresented in these studies. We 

hypothesize that subtypes of mild OSA can be identified from symptom presentation data, 
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and that sex differences would be observed among subtypes at this severity level. The 

objectives of this study were to determine the existence of symptom subtypes in participants 

with mild OSA and to evaluate whether there are sex differences in the distribution of 

symptom subtypes. We additionally compared symptom subtypes between the mild and 

moderate-severe cohort.

2. Materials and Methods

2.1 Data base and sample

Data were collected from Sleep Heart Health Study (SHHS), a multi-center community­

based cohort that investigated the cardiovascular consequences of sleep disordered 

breathing. Participants (>40yrs) completed their baseline assessments from 1995–1998. IRB 

approval was obtained at each investigational study site. These data are available from the 

National Sleep Research Resource (sleepdata.org).15,16 Symptom subtypes were assessed 

among 1718 participants with mild OSA (AHI 5–14.9) using thirteen symptom items as 

previously described in a study of moderate-severe OSA in participants from the same 

cohort.3 Individuals without OSA were excluded, and individuals with moderate-severe 

OSA were included only to understand differences in prevalence of symptom subtypes when 

compared against mild OSA.

Sleep electrophysiology testing was conducted by certified research technicians using 

Compumedics P-series portable monitor (Abbotsford, Victoria, Australia). Testing included 

the following channels: electroencephalogram, electrooculogram, electrocardiogram, 

chin electromyogram, pulse oximetry, chest and abdominal excursion by inductance 

plethysmography, airflow by thermal sensor, and body position. Scoring of the 

polysomnography is described elsewhere.17 An apnea was defined by a complete or near­

complete cessation in airflow lasting for a minimum of 10 seconds and hypopneas were 

identified by a clear decrease in airflow or chest or abdominal plethysmograph amplitude 

lasting for at least 10 seconds.18 AHI was determined based on the number of apneas and 

hypopneas with >= 4% oxygen desaturation per hour of sleep.

Several questionnaires assessed the symptoms used to determine the subtypes (see 

supplement Table 1). They included the Epworth Sleepiness Scale,19 a measure of subjective 

excessive daytime sleepiness, Quality of Life Survey (SF 36),20 and the Sleep Habits 

Questionnaire18 which was developed for the parent study and captured such symptoms 

as snoring, waking up gasping for air, and nighttime awakenings.

2.2 Statistical Analysis

We used latent class analysis (LCA) on 14 symptom questions and the total score of the 

Epworth Sleepiness Scale (ESS) categorized as 0–5, 6–10, 11–15 and >15 (total of 15 

symptom items). We evaluated different clusters solutions, ranging from 1–10. The best 

cluster solution was informed by the lowest Bayesian Information Criterion (BIC)21 and 

the most parsimonious scenario (e.g., lowest number of clusters), and validated by clinical 

interpretation of resulting clusters. Omnibus testing for sex differences in LCA assignment 

(i.e., symptom subtypes) were calculated using chi square test for independence. This was 
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followed up with Bonferroni corrected z-tests to compare column proportions. Statistical 

analyses were conducted using R version 3.5.2 and SPSS version 25.22

3. Results

3.1 Sample Characteristics.

Sample characteristics by sex are listed in Table 1. The total sample with mild OSA included 

men (n=921) and women (n=797) aged 39–90 with an average age of 64.9 ± 10.9 years. 

The participants were primarily white (86%) and overweight (mean body mass index 28.8 

± 5.0 kg/m2), with daytime sleepiness typical of the general population (mean ESS score 

7.9 ± 4.3) and a mean AHI of 9.1 ± 2.9 events/h. Women were significantly older and 

more overweight than men (p <.01); however, men experienced significantly more daytime 

sleepiness and a higher AHI than women (p <.01).

3.2 Symptom Subtypes of OSA are Present in Mild Disease.

Results of the LCA on participants with mild OSA suggested that a four-class solution 

was best and most parsimonious, as there was no meaningful improvement in BIC with a 

larger number of classes (see supplement figure 1). Importantly, the four-cluster solution 

was consistent with prior studies of symptom subtypes in moderate-severe OSA, therefore 

deemed more clinically meaningful. Figure 1 shows the conditional probabilities of the 

positive class of each 14 symptom items and the proportion of the ESS >10 category 

within each symptoms cluster. The proportions of each cluster within the total sample were 

as follows: disturbed sleep [11.6%], minimally symptomatic [36.4%], excessively sleepy 

[15.1%], and moderately sleepy [37.0%]. In addition, the mild OSA symptom subtypes in 

the present study were not significantly different in proportions as compared to the moderate 

to severe cohort (χ2(3) = .49, p >.20); [disturbed sleep (12.2%), minimally symptomatic 

(32.6%), excessively sleepy (16.7%), moderately sleepy (38.5%).]3 Therefore, symptom 

subtypes in the mild, moderate, and severe categories of OSA all displayed a similar 

symptom burden.

The disturbed symptom subtype includes symptoms typical of insomnia such as difficulty 

falling asleep, maintaining sleep, and early rising. The moderately sleepy subtype was 

similar to the excessively sleepy subtype in endorsements of the ESS questions, but those in 

the moderately sleepy subtype were less likely to endorse the following questions “do not 

feel rested in the morning,” “sleepy during the day,” and “physically tired.” The “minimally 

symptomatic” subtype reflected few reports of daytime sleepiness or disturbed sleep.

3.3 Significant Sex Differences in Symptom Subtype Presentation in Mild OSA

Sex differences in proportions of men and women were found amongst subtypes of mild 

OSA (Table 2, χ2(3) = 30.04, p<0.001). Table 2 shows the total numbers of men and 

women within each subtype, the percentages of each subtype within each of the male 

and female cohorts respectively, and standardized residuals for men and women within 

each subtype. Women were significantly more likely to be observed in the disturbed sleep 

subtype than men, while men were significantly more frequently observed in the moderately 

sleepy subtype than women. While women were significantly more frequently observed 
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than expected in the excessively sleepy subtype than men, this sex difference was not as 

pronounced as the disturbed sleep or moderately sleepy subtype. Both women and men were 

evenly represented in the minimal symptoms subtype.

While the Centers for Medicaid and Medicare use the definition of AHI that includes all 

apneas plus hypopneas defined by a 30% drop in flow lasting at least 10 seconds and 

associated with a 4% oxygen desaturation (AHI-4%), the current AASM recommendation 

is for hypopneas defined by a 3% desaturation or an EEG arousal (AHI-3%/arousal). A 

posthoc analyses found significant sex differences in the 3% desaturation measures with and 

without arousals similar to sex differences in the 4% desaturation category.

3.4 Mild OSA vs. Moderate to Severe OSA by total sample and by sex.

Whereas women made up only32 % of SHHS participants with moderate to severe OSA, 

they made up 46% of the sample with mild OSA. Because the SHHS cohort with moderate 

to severe OSA was underpowered to examine sex differences in symptom subtypes, we 

present the results in Figure 2 for descriptive purposes and consideration for future research 

only. Men are more likely to be in the moderately sleepy subtype than women in both the 

mild and moderate-severe cohorts while women are more likely to be found in the disturbed 

sleep subtype in both the mild and moderate-severe cohort.

4. Discussion

In the present study we have identified symptom subtypes in adult men and women 

with mild OSA and evaluated sex differences in symptom subtypes. We found substantial 

similarities in symptom subtypes between the mild and moderate-severe categories of OSA, 

including a similar four-class solution of subtypes, and similar proportions among those 

subtypes. These findings suggest analogous symptom presentations across the spectrum 

of sleep-disordered breathing severity levels based on the AHI. Individuals who present 

with sleep apnea report similar types of symptoms and at similar proportions, regardless 

of OSA severity. We also found significant sex differences in symptom reporting in men 

and women with mild OSA. Among individuals with mild OSA, women were more likely 

than men to report symptoms related to disturbed sleep while men were more likely 

than women to present with symptoms of moderate daytime sleepiness. These significant 

sex differences within adults with mild OSA suggest that sex may influence either the 

experience, perception, or reporting of symptoms of OSA. Ramifications of not considering 

women’s symptoms in OSA research are that their female-specific symptom presentation 

may continue to go unrecognized, leading to underdiagnoses, and under-treatment, with 

consequently greater risk for OSA-related morbidity.

The symptom subtypes in our sample of participants with mild OSA are similar to other 

studies that have assessed symptom clusters in participants with moderate-severe OSA 

severity4,5,7. While differences were observed in previous studies regarding the number of 

symptom subtypes, most have found three to four symptom clusters similar to this study, 

usually with three major groups: “excessively sleepy”, “minimal symptoms” and “disturbed 

sleep”.7 Our findings suggest that despite having mild OSA, participants in the SHHS 

cohort still could be categorized according to their symptom profile into the same subtypes 
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as those with moderate-severe OSA. This is evidenced by approximately two-thirds of 

the participants within all categories (mild, moderate, severe) experiencing excessive or 

moderate daytime sleepiness or disturbed sleep. At the same time, approximately one-third 

of the sample in all OSA categories reported minimal to no recognized symptoms of OSA. 

Lack of significant differences in the proportion of symptom subtypes between the mild 

and moderate-severe cohorts suggest that the AHI-based OSA severity categories alone do 

not indicate severity of symptoms. There has been debate as to whether AHI is a sufficient 

metric for OSA in terms of disease severity and health outcomes.3,23–25 Our findings 

corroborate studies that have suggested AHI does not provide a comprehensive measure of 

OSA severity.

Women were significantly more likely than men to express the disturbed sleep subtype in 

all categories of OSA severity. This finding is consistent with several retrospective studies 

in which more women than men reported insomnia symptoms at the time of their diagnosis 

of OSA.26–28 Based on these retrospective studies, it has been posited that women with 

OSA are more likely than men with OSA to present with insomnia.9,29 A recent study 

characterizing OSA presentation provided a summary of four OSA subtypes based on a 

literature review including not only to symptoms, but also effects of treatment and long­

term outcomes.7 One phenotype, “subtype C,” was described in predominately middle-aged 

women with symptoms of insomnia. Consistent with prior literature, the present study finds 

that a significant subset of women with OSA present with symptoms of insomnia. Several 

mechanisms have been posited that explain the propensity for comorbid OSA and insomnia. 

The airway is most vulnerable to collapse at the wake-sleep transition and individuals 

who awaken frequently may therefore have more frequent episodes of airway collapse at 

this transition. It is also possible that awakenings due to OSA will be prolonged in those 

with a propensity towards insomnia leading to insomnia as the presenting complaint. 30,31 

However, most studies that have investigated the relationships between comorbid OSA and 

insomnia have not reported sub analyses by sex. Therefore, we suggest more research is 

needed to uncover if there is a mechanistic relationship between OSA and insomnia in 

women, or to learn if this symptom is simply reflective of the high rate of insomnia in the 

general female population.

Men were significantly more likely than women to express the moderately sleepy subtype. 

This subtype is similar to the previously described “subtype B,” where men were described 

as having “minimal to moderate symptom burden.”7 When examining this symptom 

subtype, we see in our sample that while this group endorsed involuntary daytime sleeping 

and napping, they were less likely to endorse a generalized daytime burden including 

the following symptoms: “sleepy during the day,” “do not feel rested at awakening,” or 

“physically tired.” It has been suggested that persons in this group may not recognize their 

own symptoms possibly because these participants were older and have grown inured to 

their symptoms of sleepiness. In the present study, the average age of participants was in 

their mid-sixties, suggesting they may also have been inured to their symptoms. Systematic 

evaluation of interactions among OSA severity and symptoms by age may shed further 

light on this group, and in the overall progression of symptom presentation over the course 

of the disease. However, these findings may also have social rather than biological roots. 

Sociologists have previously posited that some men view sleep and napping simply as a 
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pragmatic event based on a bodily ‘need’ for sleep.32 While these men may be clinically 

sleepy, they may not perceive it as a burden in the same sense that the participants in the 

excessively sleepy group do. Consequently, these findings may reflect the different ways 

that people perceive or report daytime sleepiness rather than a difference in intensity of 

daytime sleepiness. Conversely, the stronger association of the excessively sleepy versus 

the moderately sleepy subtype with cardiovascular disease outcomes suggests some degree 

of physiological difference between these OSA subtypes.3 Further studies are necessary 

to disentangle gendered expectations, roles and behaviors from reports of actual daytime 

sleepiness to ensure that both men and women are effectively evaluated. Moreover, objective 

sleepiness measures in addition to self-report may be relevant to distinguish the underlying 

biological or psychosocial basis of a patient’s sleepiness.

Differences in the proportions of men and women within the disturbed sleep and moderate 

sleepiness subtypes of mild OSA, as well as sex differences in the proportions of mild vs. 

moderate-severe OSA, have possible clinical implications for screening women and men for 

OSA. While the traditional risk factors and symptoms of OSA include male sex, obesity, 

snoring, and excessive daytime sleepiness, our findings corroborate previous research that 

complaints of disturbed sleep or insomnia may also have a strong relationship with OSA 

but more so in women, even among those with more severe OSA as determined by AHI. 

Clinicians who treat insomnia, particularly in middle-aged women whose risk for OSA 

increases as they enter the menopausal transition,10 should be sure to screen for this serious 

medical disorder which may contribute to and exacerbate insomnia symptoms, particularly 

difficulty maintaining sleep.2 Additionally, asking men about their subjective sleepiness 

during the day may not yield information nor be equivalent to information about their 

specific involuntary sleeping or voluntary napping habits.

The present study has several strengths, such as the use of a large community-based sample 

of older adults of all OSA severity levels, allowing accurate comparison between mild and 

moderate-severe cases. Future investigations on sex differences in cardiovascular risk among 

different OSA subtypes would be more powered than in moderate-severe patients alone33–35 

On the other hand, the study has limitations that could impact generalizability of findings, as 

the SHHS cohort is a sample of older participants primarily of European-American descent. 

For this analysis, we utilized a hypopnea event definition requiring a 4% desaturation, as 

required by the Center for Medicare and Medicaid Studies for reimbursement of positive 

airway pressure therapy. Whether the current findings would apply to people with even 

milder severity of OSA, as might be identified utilizing hypopnea definitions requiring a 3% 

desaturation or arousal, is not known.

In conclusion, our findings suggest that OSA symptom subtypes are not exclusively 

observed in moderate-severe OSA. High symptom burden is found within every category 

of severity, but it may be experienced differently between men and women. These findings 

suggest that ongoing studies assessing OSA phenotypes should include participants of all 

OSA severity levels. The inclusion of mild OSA into these studies additionally ensures that 

women will be adequately represented in studies to determine associations of OSA and 

disease outcomes in general populations
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• Symptom subtypes in mild OSA were similar to previous studies of moderate­

severe OSA: excessive daytime sleepiness, moderate daytime sleepiness, 

disturbed sleep, and minimal symptoms.

• Relative to men, women were more likely to be in the disturbed sleep subtype, 

the excessively sleepy subtype, and less likely to be in the moderately sleepy 

subtype.

• Women and men were equally represented in the minimal symptoms subtype.

• High symptom burden is found within every category of OSA severity, but 

may be experienced differently between men and women.
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Figure 1. Spider Chart.
The conditional probabilities of having one of 14 symptoms within each symptoms cluster. 

The Epworth Sleepiness Scale was dichotomized (>10 is considered excessively sleepy).
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Figure 2. Graph.
Comparison of the proportions of symptom subtypes by sex and OSA severity.
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Table 1.

Sample characteristics of men and women with mild and moderate-severe obstructive sleep apnea (OSA).

Mild OSA Moderate-Severe OSA

Men n=921 Women n=797 p Men n=812 Women n=395 p

Age, (mean ± SD) 63.6 (10.8) 66.1 (10.9) < .001 65.2 (10.4) 67.56 (10.6) <.001

Education, n (%) < .001 <.001

0–15 years 53.6 (457) 72 (540) 54.5 (416) 39.8 (275

>16 years 46.4 (395) 28 (210)

Married, n (%) 88.4 (796) 67.8 (533) < .001 88 (705) 64.6 (252) <.001

Race, (n) % .417 .035

European American 86.8 (799) 85.2(679) 86.5 (702) 85.3 (337)

African American 6.9 (64) 8.7 (69) 64 (7.9) 45 (11.4%)

Other 6.3 (58) 6.1 (49) 5.7 (46) 3.3 (13)

Ethnicity, (n)% .607 .179

Not Hispanic or Latino 96 (884) 95.5 (761) 95.3 (774) 97.0 (383)

Hispanic or Latino 4.0 (37) 4.5 (36) 4.7 (38) 3.0 (12)

Hx of diabetes, (n)% 8.8 (77) 79 (61) .508 9.6 (75) 11.7 (45) .270

BMI, (mean ± SD) 28.4 (4.1) 29.2 (5.8) < .01 29.9 (4.8) 31.3 (7.1) <.001

Epworth Sleepiness Scale, (mean ± SD) 8.4 (4.4) 7.3 (4.1) < .001 9.0 (4.7) 7.9 (4.7) <.001

AHI, (mean ± SD) 9.3 (3.0) 8.8 (2.8) < .001 29.1 (16.1) 28.5 (16.8) .555

Student’s t-test was conducted for continuous variables, chi-square test for independence was conducted for categorical variables; BMI= Body 
Mass Index [kg/m2]; AHI=Apnea Hypopnea Index
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Table 2.

Total (n) & percentage (%) of men and women in each symptom cluster and standardized residuals (SR) of 

symptom subtypes with mild OSA

Minimal symptoms Disturbed Sleep* Moderately Sleepy* Excessively sleepy*

n % SR n % SR n % SR n % SR

Men 334 36.3 −0.1 83 9 −2.3 385 41.8 2.4 119 12.9 −1.7

Women 291 36.5 0.1 115 14.6 2.5 250 31.4 −2.6 140 17.6 1.8

*
p<.05
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