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Purpose: Obstructive sleep apnea (OSA) is a common sleep disorder which prevalence is 
22% in men and 17% in women. It is well described that females presented different clinical 
and polysomnographic characteristics compared with men. Those studies were performed in 
plain areas. We described the analysis by gender and clinical profiles of a sample of patients 
with diagnostic of OSA and living at high altitude.
Patients and Methods: It is an observational study that describes differences between 
clinical and polysomnographic characteristics by gender in patients with OSA. Additionally, 
an unsupervised cluster algorithm was used to find groups of patients with similar clinical 
and polysomnographic characteristics.
Results: We included 709 patients, 51.6% were females and 48.3% were males with 
mean age of 64 and 62 years old, respectively, in which 90.97% presented OSA. Men 
presented a higher apnea and hypopnea index than women (p=0.002), besides presented 
more sleep polysomnographic alterations. Meanwhile, women evidenced better sleep 
quality based on parameters. Additionally, in the sample of patients, we found four 
separated clinical profiles characterized mainly by differences in the severity of poly-
somnographic parameters.
Conclusion: The patients were more obese, older, and had lower SpO2 values than most 
of those previously reported. Men had greater severity in most of the parameters 
measured by polysomnography. Polysomnographic variables were different both in the 
OSA patient profiles and in the gender comparison. However, the REM sleep apnea 
hypopnea index did not differ between sexes, indicating the importance of this variable in 
the evaluation of OSA severity in women. In contrast to previous reports, clinical and 
demographic characteristics showed few differences in both analyses. This result suggests 
that the behavior of OSA at high altitudes may have particularities with respect to low 
altitudes.
Keywords: sleep-disordered breathing, cluster analysis, altitude, gender identity, sleep 
monitoring

Introduction
Obstructive Sleep Apnea (OSA) is a common sleep disorder characterized by upper 
airway collapse which halts ventilation, leading to hypoxia, hypercapnia or sleep 
disruption.1 The prevalence of OSA in the general population is 22% in men and 
17% in women,2 with some changes in the prevalence according to age, between 30 
and 49 years the prevalence is 3% in women and 10% in men, between 50 and 70 
years it is 9% and 17%, respectively.1
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There is evidence that OSA is an independent risk 
factor for cardiovascular diseases including hypertension, 
stroke, heart failure, coronary heart disease, and 
arrhythmias.3 Additionally, in hospitalized patients with 
decompensated heart failure, mortality rates are higher in 
patients with OSA.4,5 Furthermore, studies have assessed 
OSA as a probable risk factor for developing metabolic 
diseases like diabetes mellitus type 2, glucose intolerance, 
and metabolic syndrome.6,7 Likewise, patients with cardi-
ovascular and metabolic comorbidities have a higher inci-
dence of OSA.

The majority of studies have included more men than 
women8–12 and reported a higher OSA prevalence in 
males. Females had different polysomnographic (PSG) 
parameters than men, such as a lower Apnea Hypopnea 
Index (AHI),13,14 along with a different clinical presenta-
tion. The most common symptoms in females are noctur-
nal choking, morning headache, fatigue, insomnia, 
impaired memory, mood disorders, reflux, nocturia, and 
enuresis.12,15 The prevalence of OSA increases through 
life in both genders and is influenced by the presence of 
comorbidities such as obesity; however, women have less 
severe symptoms at all ages compared to men.16 The 
heterogeneity in the clinical presentation of OSA leads to 
variations in the results of sleep questionnaires by gender 
and at different ages.13,17–19

On the other hand, in high altitude places, hypoxia is 
a common consequence of reduced oxygen partial pressure 
which leads to changes in oxygen saturation in blood, that 
is exacerbated during sleep.20 It had been reported that 
high altitude environments and patients with OSA had 
functional neurological changes compared to healthy 
voluntaries.21 Therefore, it is important to study how 
exposure to chronic high altitude affects patients with 
OSA and how the age, sex, and other factors impact the 
patients.

Previous studies evidenced that OSA patients present dif-
ferent profiles, based on their symptoms, clinical characteris-
tics, and disease severity, nevertheless those articles analyzed 
populations that differ in many ways such as age, symptoms, 
sociodemographic, and clinical characteristics.22–27 However, 
none of those articles reported clusters from patients exposed 
to high altitude, which may represent an important modifying 
factor of OSA phenotypes.

In this context, an observational study was conducted 
to evaluate the potential differences in clinical variables 
and PSG characteristics by gender in a sample of patients 
diagnosed with OSA and living in a high altitude city 

(2600 meters above sea level). Additionally, in this speci-
fic group of patients, a profile analysis was performed in 
order to increase the comprehension of OSA phenotypes at 
high altitude.

Patients and Methods
Subjects
This observational study included 709 patients who were 
evaluated retrospectively in the neurophysiology labora-
tory at Méderi Hospital, a tertiary care public hospital in 
Bogotá, Colombia, South America. Bogotá is located at 
2600 meters above sea level. The information was 
retrieved from January 2011 to September 2019. The 
patients were referred to the neurophysiology laboratory 
from hospitalization and from external consults due to 
a clinical suspicion of OSA based on the Epworth scale.

Demographic data were collected, including age, gen-
der, body mass index (BMI), and medical history (hyper-
tension, diabetes mellitus type 2, chronic obstructive 
pulmonary disease [COPD], coronary disease, stroke, dys-
lipidemia, atrial fibrillation, and rheumatoid arthritis).

Sleep Questionnaire
The Epworth scale, which was applied to all the study 
participants, has been recommended by the Colombian 
healthcare system; a systematic review reported that it 
had good internal consistency28 and another meta- 
analysis reported a high specificity for different degrees 
of disease severity.29 This questionnaire consists of eight 
questions, each one covering the subject’s probability of 
falling asleep in a situation common in daily life. Thus, the 
score for each item on the scale measures a sleep propen-
sity, and the sum of the score measures the subject’s 
average sleepiness. A higher score indicates greater sub-
jective sleepiness.

Polysomnography
Polysomnography was performed using a Cadwell® Easy 
III polysomnography machine, recording all the patient’s 
sleep hours in a controlled environment, allowing the 
quantity and quality of sleep, apneic and non-apneic 
events, cardiac repercussions, and neurophysiological 
repercussions to be observed. To consider the study valid 
for interpretation, more than 6.5 hours had to have been 
recorded, of which no fewer than 180 minutes had to have 
been effective sleep. During the procedure, electroence-
phalographic monitoring was performed and sensors on 
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fingers or toes, bands, flow sensors, and pulse oximetry 
were used to record the different variables. The PSG had 
10 channels, with the ability to record different variables 
simultaneously as follows: electroencephalogram 1–2 
channels, electrooculogram1-2 channels, EMG of chin 
muscle surfaces 1 channel, ECG 1 channel, EMG of ante-
rior tibial muscle surfaces 1 channel, air flow sensor 1 
channel, thoracoabdominal respiratory effort sensors 2 
channels, and pulse oximetry 1 channel; along with the 
measurement of oronasal flow and thermal sensors of Co2 
flow (capnography). Respiratory effort was measured by 
respiratory effort bands.30

The PSG data collected included total sleep time, non- 
rapid eye movement (REM) latency, % of non-REM sleep 
during mild sleep, % of non-REM sleep during deep sleep, 
% of non-REM sleep during deeper sleep, sleep cycles, % 
sleep efficacy, index of micro-awakenings per hour, index 
of micro-awakenings per respiratory event, number of 
periodic leg movements per hour, total AHI, AHI during 
non-REM sleep, AHI during REM sleep, AHI in the 
supine position, positional OSA per hour, central apnea, 
obstructive apnea, mixed apnea, hypopneas, saturation 
level, and % saturation <90% during sleep.

OSA Diagnosis
A diagnosis of OSA was made based on the American 
Academy of Sleep Medicine’s (AASM’s) International 
Classification of Sleep Disorders-Third Edition, according 
to which patients must have either signs/symptoms (eg, 
associated sleepiness, fatigue, insomnia, snoring, subjec-
tive nocturnal respiratory disturbances, or observed apnea) 
or associated medical or psychiatric disorders (ie, hyper-
tension, coronary artery disease, atrial fibrillation, conges-
tive heart failure, stroke, diabetes, cognitive dysfunction, 
or mood disorders) coupled with five or more predomi-
nantly obstructive respiratory events (obstructive and 
mixed apneas, hypopneas, or respiratory effort-related 
arousals, as defined by the AASM scoring manual) 
per hour of sleep during PSG. Alternatively, 15 or more 
obstructive respiratory events per hour satisfy the criteria, 
even in the absence of associated symptoms or 
disorders.31–33

Data Analysis
Qualitative variables were reported as frequencies and 
percentages, and quantitative variables median and inter-
quartile range since all variables presented a non-normal 
distribution based on Shapiro Wilk test.

In order to characterize patients’ clinical profile, 
a mixed cluster analysis was done following the metho-
dology proposed by Lebart et al 199534 In short, this is 
a three-step approach: 1) data of variable nature (qualita-
tive and quantitative) are represented in a new coordinate 
system using factorial analysis for mixed data. This 
achieves a homogenous representation of the data set in 
numerical variables called principal components. 2) Using 
this new representation of the data, a hierarchical cluster 
analysis using the ward method is used to construct 
a hierarchical cluster tree and the optimal number of 
clusters is determined by means of the between-cluster 
inertia gain criterion. Product of this step, a first set of 
clusters of patients is determined. 3) Finally, the cluster 
membership for each individual is consolidated using 
a k-means algorithm on the centroids of each cluster. In 
the end, a categorical variable in which each individual is 
assigned to one and only one of the clusters derived 
is obtained. Afterwards, a description of each cluster is 
developed by studying the distribution of each of the 
original variables used for clustering in each of the derived 
groups. This determines the composition and relation of 
the original variables and the clusters as well as the clin-
ical interpretation of this clusters.

The variables used to build the clusters (profiles) were 
sociodemographic and clinical. Age, gender, weight, 
height, BMI, medical history (hypertension, diabetes mel-
litus type 2, chronic obstructive pulmonary disease 
[COPD], coronary disease, stroke, dyslipidemia, atrial 
fibrillation, rheumatoid arthritis) and ESS besides PSG 
findings like total sleep time, non-rapid eye movement 
(REM) latency, % of non-REM sleep during mild sleep, 
% of non-REM sleep during deep sleep, % of non-REM 
sleep during deeper sleep, sleep cycles, % sleep efficacy, 
index of micro-awakenings per hour, index of micro- 
awakenings per respiratory event, number of periodic leg 
movements per hour, total AHI, AHI during non-REM 
sleep, AHI during REM sleep, AHI in the supine position, 
positional OSA per hour, central apnea, obstructive apnea, 
mixed apnea, hypopneas, saturation level, and % satura-
tion <90% during sleep.

Bivariate analysis was employed to evaluate gender 
associations between other clinical and demographic vari-
ables, as well as to characterize the clusters characteristics 
in terms of the original variables used to build them. We 
used the Kruskal–Wallis test to assess the relationship 
between gender and the clusters with continuous variables, 
for those we report the median and interquartile range for 
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each continuous variable at each gender and cluster. 
Similarly, the chi-square test for independence was used 
to assess the same relations for qualitative variables, in this 
case, conditional proportions are reported for each gender 
and cluster.

Finally, since there were several hypothesis tests done 
in this study, we adjusted the p-values obtained using the 
false discovery rate approach proposed by Benjamini and 
Hochberg.35 All statistical analyses were done using soft-
ware R version 4.0.2.36

Data Availability
Data use in this study are available from Dryad (https:// 
datadryad.org/stash/). Anonymous data will be shared by 
request from any qualified investigator (https://datadryad. 
o r g / s t a s h / s h a r e / h c h O - j x 7 8 Z s f I D q O P E a _  
MhHwEpPHN8ANoMGgwiRmwiw).

This study was performed according to Declaration of 
Helsinki and Ministry of Health’s resolution 008430 of 
1993 (“Scientific, technical and administrative norms for 
health research”) and was approved by the ethics commit-
tee of Rosario University, besides all patients singed 
a patient consent form at hospital admission for data 
management and research purposes.

Results
Demographic and Clinical Characteristics 
of Patients in the Study
A total of 709 subjects (366 women and 343 men) were 
evaluated in Méderi Hospital’s neurophysiology laboratory 
from January 2011 to September 2019. Most of the 
patients were referred from hospitalization (513 
[79.53%]); the remaining subjects were referred from 
external consultation (132 [20.47%]). We collected the 
demographic, clinical, and PSG data from all of them. 
Women had a mean age (standard deviation) of 64.03 
(14.26) years, and men were younger, with a mean age 
of 62 (±12.83) (p=0.006). The BMI was similar in women 
and men, at 30.4 (± 7.93) kg/m2 vs 31 (±7.68), respec-
tively (p=0.909).

After the PSG, and according to the AASM 
International Classification of Sleep Disorders-Third 
Edition diagnostic criteria, 645 subjects (90.97% of the 
total sample) were diagnosed with OSA. There were 316 
(49%) men with a median age 62 (53–71) years and 329 
(51%) women with a median age of 65 (58–74). The 
median BMI in men was 31.1 (27–35.6) vs 30.4 (26.1– 

36.2) in women (p=0.807) (Table 1).The values obtained 
on the Epworth scale were similar for both sexes: 223 
(70.57%) men and 220 (66.87%) women reported abnor-
mal somnolence, with no significant statistical difference 
according to gender (p=0.465). Regarding comorbidities, 
there were no statistical differences between men and 
women in almost all the clinical diagnoses; only the pre-
valence of dyslipidemia was statistically different, with 
a higher frequency in males (p=0.042) (Table 1).

Sleep Parameters and Gender
Two of the three OSA severity indicators, total AHI and 
supine AHI, were statistically significantly different, with 
higher values in men compared to women. The other OSA 
severity indicator, REM AHI, was not different between 
the sexes (p=0.808).

Several PSG parameters of poor sleep quality were 
statistically significantly different between the sexes. 
Micro-awakenings during sleep associated with respiratory 
events (p=0.004), the periodic limb movements index 

Table 1 Demographic Characteristics and Comorbidities of 
Patients with Obstructive Sleep Apnea

Females 
N (%) Median 
(IR)

Males N (%) 
Median (IR)

Adjust P

Total 329 316

Age* 65 (58–74) 62(53–71) 0.0041**

Height* 157 (151–164.5) 166(160–171) 4.23x10−6**

Body mass index* 30.4(26.1–36.2) 31.1(27–35.6) 0.8076

Diabetes mellitus 

type 2

67 (20.36) 59 (18.67) 0.8007

Chronic obstructive 

pulmonary disease

80 (24.32) 68 (21.52) 0.6036

Hypertension 167 (50.76) 136 (43.04) 0.0978

Coronary artery 

disease

51 (15.5) 47 (14.87) 0.9105

Dyslipidemia 26 (7.9) 44 (13.92) 0.0425

Stroke 13 (3.95) 17 (5.38) 0.6367

Atrial fibrillation 9 (2.73) 11 (3.48) 0.8076

Epworth scale 0.4650

Normal sleep 

(0–5)

74 (22.49) 56 (17.72)

Average sleepiness 

(6–8)

35 (10.64) 37 (11.71)

Abnormal 

somnolence 

(9–24)

220 (66.87) 223 (70.57)

Notes: *Values are expressed as the median and interquartile range. Comorbidities 
and Epworth scale are expressed as the number (percentage) of individuals with the 
disease/result in the Epworth scale.  ** Statistical significant values P<0.05.
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(p=0.040), central apneic events (p=0.092), obstructive 
apnea (p=0.026), and mixed apnea (p<0.007) were higher 
in males compared to females (Table 2).Likewise, good 
sleep quality parameters were higher and statistically sig-
nificant in female compared to male; for example, total 
sleep time (p=0.012), sleep efficiency (p=0.012), and per-
centage of REM sleep (p=0.047) (Table 2).

The total AHI was regrouped in three categories 
according to the number of apnea or hypopnea events 
per hour. Patients with 30 or more episodes of apnea or 
hypopnea were classified as severe. When the AHI was 
between 15 and 29 it was classified as moderate, and 
patients with 4 to 14 events were classified as mild. 
Similarly, with the presence of worse sleep parameters in 
males compared to females, the total AHI categories were 
different by sex. There were more males (29.43%) with 
severe total AHI than females (16.63%) and more females 

(53.19%) with mild total AHI than males (43.99%) 
(Table 3).

Profiles Analysis of a Sample of OSA 
Patients Living in High Altitude
The complete group of patients diagnosed with OSA were 
analyzed with a profile analysis approximation. Using the 
method proposed by Lebart34 it was found that the best 
description of the sample studied was obtained by separat-
ing it into 4 profiles. Tables 4 and 5 show the variables 
used to calculate the profiles and their distribution across 
each profile.

Profile 1 consisted exclusively of patients who did not 
enter REM at any time during the study (NoREM profile). 
Profile 2 comprises mainly of patients with normal sleep 
efficiency (Normal sleep efficiency profile). Profile 3 con-
tains mainly of patients with abnormal sleep efficiency 
(Abnormal sleep efficiency profile). Finally, profile 4 
includes patients with more severe AHI (Severe AHI 
profile).

Each of the profiles had polysomnographic character-
istics that differentiated them from the other profiles. In 
profile 2, only the 10.2% of the patients had abnormal 
sleep efficiency, conversely, 99.2% of the patients in pro-
file 3 had abnormal sleep efficiency. Fifty-six percent of 
patients in profile 1 had abnormal sleep efficiency, profile 
4 had a similar proportion (59.5%) to profile 1 (Table 4).

The global AHI was within the severe classification 
(greater than 30) for 98.4% of patients in profile 4, for 

Table 2 Polysomnographic Sleep Parameters of Females and Males

Females Median (IR) Males Median (IR) Adjust P

Total Apnea hypopnea index (AHI) (events/h) 14.4 (8.4–24) 18.6 (9–35.9) 0.0072**
REM AHI (events/h) 12.8(3.8–26) 13.15(1.92–29.32) 0.8076

Supine AHI (events/h) 13 (6–25.85) 19 (7–41.65) 0.0048**

Total sleep time (min) 425(344–553) 391 (321.75–499.75) 0.0119**
Sleep efficiency (%) 84 (72–93) 82 (69–90) 0.0119**

REM sleep latency (min) 135 (73–225) 128(61–214) 0.3032

N3 sleep (%) 6(0–10) 3(0–8) 0.0011**
REM sleep**(%) 12(6–16) 10(5–15) 0.0471**

Sleep cycle (%) 3(2–4) 3(2–4) 0.0978
Micro-awakenings during sleep associated with respiratory events (events/h) 8(3–19) 12(5–25) 0.0041**

Periodic Limb Movements Index (events/h) 0(0–1) 0 (0–2) 0.0403**

Central apnea (events) 0(0–3) 1(0–7.25) 0.0922
Obstructive apnea (events) 13 (3–44) 19.5 (5–54) 0.0258**

Mixed apnea (events) 0 (0–2) 0 (0–4) 0.0068**

Mean SpO2 (%) 86(80–88) 86 (80.75–89) 0.5358
Sleep time with SpO2 < 90% (%) 59(26–91) 61.5(26–90) 0.8520

Note: Values are expressed as the median and interquartile range.  ** Statistical significant values P<0.05.

Table 3 Total AHI Categories of Patients with Obstructive Sleep 
Apnea

Females 
N (%)

Males 
N (%)

Adjust 
P

Total AHI categories 0.0068**
Mild (5–14) 175 (53.19) 139 (43.99)

Moderate (15–29) 96 (29.18) 84 (26.58)

Severe (≥30) 58 (16.63) 93 (29.43)

Note: Values are expressed as the number (percentage) of individuals into the 
categories.  ** Statistical significant values P<0.05.
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30.4% of people in profile 1, and for less than 3% for 
profiles 2 and 3 (Table 4).

The percentage of patients with more than 5 episodes 
of obstructive apnea was higher in profile 4 (46.5%), 
followed by profile 1 (17.5%). This parameter was similar 
for profiles 2 and 3 (12% and 11.5%, respectively) 
(Table 5).

The proportion of sleep in which patients presented 
oxygen saturation below 90% was the highest for profile 
1 (79.5%), followed by profile 4 (73.5%) with equally 
abnormal, but lower, proportions for profiles 2 and 3 
(60% and 50%, respectively) (Table 5).

Now, regarding gender, the highest proportion of 
women was in profile 2 (60%), the profile with normal 
sleep efficiency. The lowest proportion of women (37%) 
was found in profile 4, the profile with the highest global 
AHI severity. Profiles 1 and 3 had similar proportions 
between men and women (43% and 51% women, respec-
tively) (p<0.001) (Table 4).

Patients in profiles 2 and 4 had a lower prevalence of 
hypertension (40.4% and 38.1%, respectively) compared 

to profiles 1 and 3 (52% and 56%, respectively) (p=0.001). 
Finally, strikingly, profile 4 had extremely low prevalence 
of COPD (7.9%) compared to the other three profiles 
where prevalence was between 20.4% and 32.6% 
(p=4.8x10−6) (Table 4).

Discussion
This observational study compared the clinical and quali-
tative PSG parameters between genders and described the 
presence of clinical profiles in a sample of patients with 
a diagnosis of OSA. The series of patients was obtained 
from a tertiary care hospital in Bogotá Colombia, a city 
located at high altitude, 2630 meters above sea level. The 
characteristic of the patients in this study made this group 
of patients different from that of previous reports analyz-
ing the clinical variation between genders. In this study, 
most of the patients under PSG evaluation were hospita-
lized, were older, more obese while the proportion of 
males and females was similar.

The initial screening tool used to identify the risk of 
OSA was an abnormal Epworth Sleepiness Scale (ESS) 

Table 4 Categorical Variables Used in the Construction of the Profiles of Patients and the Distribution Across Each Profile

Variable Profile 1 N (%) Profile 2 N (%) Profile 3 N (%) Profile 4 N (%) Adjust P

Total 46 225 246 126
Female 20(43.48) 134(59.56) 126(51.22) 47(37.3) 0.0010**

Diabetes mellitus type 2 9(19.57) 37(16.44) 57(23.17) 22(17.46) 0.3178

Chronic obstructive pulmonary disease 15(32.61) 46(20.44) 77(31.30) 10(7.94) 4.8x10−6**

Hypertension 24(52.17) 91(40.44) 138(56.1) 48(38.1) 0.0012**

Coronary artery disease 6(13.40) 36(16.00) 37(15.04) 18(14.29) 0.9484

Dyslipidemia 1(2.2) 15(6.67) 37(15.04) 16(12.7) 0.0068**
Stroke 2(4.35) 10(4.44) 15(6.10) 3(2.38) 0.4824

Atrial fibrillation 1(2.17) 7(3.11) 9(3.66) 3(2.38) 0.9280

Epworth Scale 0.0985

Abnormal somnolence 32(69.57) 166(73.78) 158(64.23) 86(68.25)
Moderate somnolence 7(15.22) 23(10.22) 24(9.76) 18(14.29)

Normal somnolence 7(15.22) 36(16) 64(26.02) 22(17.46)

Positional OSA 26(56.52) 119 (52.89) 152 (61.79) 98(77.78) 7.82x10−5**

Global AHI 0.0001**

5–14 20(43.48) 141(62.67) 153(62.2) 0(0)
15–29 12(26.09) 79(35.11) 86(34.96) 2(1.59)

≥30 14(30.43) 5(2.22) 7(2.85) 124(98.41)

REM latency 1.12x10−134**

>120 minutes 0(0) 8(3.55) 16(6.50) 6(4.76)

No REM latency 46(100) 0(0) 0(0) 0(0)
Sleep efficiency <85% 26(56.52) 23(10.22) 244(99.19) 75(59.52) 5.85x10−81**

Central apnea >5 events/h 14(30.43) 55(24.44) 34(13.82) 55(43.65) 1.50x10−8**

Note: Values are expressed as the number (percentage) of individuals into the categories or with the condition.  ** Statistical significant values P<0.05.
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score. The performance of ESS in our group of patients 
was 90.97%, and the proportion of males was 49% and 
females 51%. This is a high performance compared with 
other studies. In a study of a population with a similar 
ethnic background, the performance of ESS was close to 
60%.37 The average ESS in the former study was 10.7 in 
males and 11.0 in females; in our sample of patients, the 
majority of the individuals had values higher than 9, 
indicating that the higher performance of ESS could be 
related to higher symptom severity in the group we studied 
and suggesting that our sample had a more severe OSA 
than other populations.

Likewise, our sample was older than the patients 
analyzed in several previous reports on OSA and gen-
der. The previously mentioned study in Chilean patients 
had a mean age of 53.3 for male and 56.4 for female,37 

while our patients were almost 10 years older in the 
male group and 5 years older in the female group. 
A study in a Caucasian population reported a mean 
age of 54 years in both genders;38 similarly, a report 
in patients from Cameroon found that the median age 
was 58 years.39

Additionally, the patients’ BMI in this report was 
higher than most of the previous reports. While the mean 
BMI in our subjects was higher than 31 in both genders, 
other populations had a mean BMI lower than 30.19,22,38,39 

Putting all these factors together, the group of patients 
described in this study were from a high-altitude city, in 

a developing country, and they were older and more obese 
than those in most of the previous reports.

In our series of patients, most of the demographic and 
clinical characteristics showed no differences between the 
genders; BMI and all the comorbidities except dyslipide-
mia had a similar distribution and prevalence in female 
and male. This agrees with other studies that did not 
report statistical differences in BMI between the 
genders.17,22,37,39 Interestingly, two cohorts with BMI dif-
ferences between the genders (female having a higher BMI 
than male) were younger cohorts than ours.16,19

Regarding the lack of differences between genders in 
most of the comorbidities in our study, results in the 
literature are not consistent. Some reports find differences 
between genders in a single comorbidity, such as a higher 
prevalence of hypertension in female,39 or a greater pre-
valence of coronary artery disease in male.22 Other 
studies have found gender differences in several 
comorbidities.12,16,19 Studies with wider gender differ-
ences in comorbidities were those with the youngest popu-
lation, while studies with older populations reported 
smaller differences. Our sample of patients is in the 
range of studies with older participants and supports the 
hypothesis that the older the studied patients, the fewer 
the differences in clinical variables, by gender. Despite the 
absence of important differences in comorbidities, like all 
the reports comparing severity by gender, we identified 
that OSA severity was greater in males than females.

Table 5 Continuous Variables Used in the Construction of the Profiles of Patients and Their Distribution Across Each Profile

Variable Profile 1 Median 
(IR)

Profile 2 
Median (IR)

Profile 3 Median 
(IR)

Profile 4 Median 
(IR)

Adjust P

Age 66.5(61.25–76.75) 60 (52–70) 66(58–73.75) 61.5(55–70.75) 0.0001**

BMI 30.85(27.28–32.8) 30.2(25.3–34.2) 31.1(26.3–37.1) 31.8(27.53–36.65) 0.0681

REM AHI (events/h) 0(0–0) 12 (4–19.7) 12 (3–25.95) 36.35 (17.65–54.25) 4.75x10−38**

Supine AHI (events/h) 13.7 (4.33–35.75) 10 (4.4–20.2) 12.45 (6.4–23.23) 52 (40–67.58) 5.80x10−41**

Total sleep time (min) 362.5 (316.75–570) 496 (419–577) 360.5 (290–427.75) 382 (336.5–459) 9.63x10−29**

N3 sleep (%) 2.5 (0–10) 6(2–10) 3 (0–9) 3 (0–7) 0.0002**
REM sleep**(%) 0(0–0) 12(8–16) 10(6–16) 12 (7–16) 2.37x10−27**

Sleep cycle (%) 0(0–0) (3–4) 3(2–3) 3(2–4) 3.53x10−39**

Micro-awakenings during sleep associated 

with respiratory events (events/h)

10 (6–18.5) 8(3–16) 8(4–18) 38 (8.25–61) 7.87x10−18**

Micro-awakenings during sleep (events/h) 22 (13.25–32) 15(8–28) 12 (6–19) 25(13–40) 3.73 x10−13**

Periodic Limb Movements Index (events/h) 0 (0–1) 0(0–1) 1 (0–1) 0 (0–2) 5.05 x10−5**

Obstructive apnea (events) 17.5(4.5–56.5) 12(3–43) 11.5(3–25.75) 46.5 (14–148) 5.11 x10−15**

Mixed apnea (events) 0 (0–2) 0(0–2) 0 (0–1) 5 (0–17) 3.42 x10−18**

Mean SpO2 (%) 83 (72.25–88) 86(81–89) 86 (81–89) 85 (80–88) 0.0055**

Sleep time with SpO2 < 90% 79.5 (41–96) 60(22–92) 50 (23–81) 73.5(45–94) 5.44E x10−5**

Note: Values are expressed as the median and interquartile range.  ** Statistical significant values P<0.05.
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This study found that male had more severe PSG 
parameter alterations than female in almost all the sleep 
categories. Male had more total AHI and supine AHI 
events. Male recorded shorter and shallower phases of 
sleep with no eye movement and typical brain waves, 
compared to female who had deeper sleep and delta 
brain waves, with REM sleep associated with elevated 
brain activity. Female also had better sleep efficiency. 
Those results are similar to other studies that reported 
better sleep quality parameters in females, with more 
severe OSA parameters in males.22,40,41

Remarkably, the number of AHIs during REM showed 
no gender difference. This matches previous reports22 and 
strengthens the hypothesis that there are different mechan-
isms responsible for OSA during NREM and REM sleep. 
This also indicates the importance of using specific OSA 
measurements in the evaluation of the disease in women.

The median SaO2 was 86 (80.75–89) for males and 86 
(80–88) for females. This is a lower mean SaO2 than 
reported in several OSA studies, where the mean SpO2 

was higher than 92 for both genders.37,39 This result can be 
explained by high altitude; two studies in Peru and 
Mexico, in cities with high altitude, reported that the mean 
SpO2 in patients with OSA was around 83%.42,43

Despite an increased severity of OSA in male com-
pared with female, the mean SpO2 and the sleep time with 
SpO2 lower than 90% did not have statistically significant 
differences according to gender. Even so, a report from 
Cameroon found a lower mean SpO2 in female than 
male,39 suggesting that the long-term consequences of 
hypoventilation in OSA patients could be similar in both 
genders, even if the severity of the symptoms and PSG 
parameters are different.

To deepen our understanding of the behavior of OSA 
in our group of patients, we performed an unsupervised 
profile discovery analysis. In this way, we discovered the 
presence of clinical profiles within patients diagnosed with 
OSA. We found that 4 profiles best describe our sample: 
non-REM profile (Profile 1), normal sleep efficiency pro-
file (Profile 2), abnormal sleep efficiency profile 
(Profile 3), and severe AHI profile (Profile 4).

The four profiles discovered had no statistically sig-
nificant differences in BMI or most comorbidities. This 
contrasts with previous studies where these parameters are 
important for classifying patients with OSA.38,39 The 
group of patients reported here is older, hospitalized, and 
living in a high altitude. It is possible that these particular 
characteristics either individually or in combination may 

mask the importance of clinical variables in identifying 
profiles of OSA patients. This results go accordingly with 
the lack of important difference between the same para-
meters among genders in this sample of patients.

Accordingly, the variables characterizing each of the 
profiles were mainly polysomnography parameters. For 
example, global AHI presented a p=0.0001 in our study 
and allows classifying the four groups according to the 
severity of global AHI, something also reported in similar 
studies.24,25,44

Regarding Sa02, the participants in our study presented 
a higher risk of desaturation comparing to other 
studies.25,26 The proportion of sleep-in which patients 
were under 90% saturation was higher in both the non- 
REM profile and the more severe profile, 79.5% of sleep 
and 73.5% of sleep, respectively. Mean SpO2 also pre-
sented statistically significant differences among the pro-
files. It is important in the following research to explore 
possible pathophysiologic explanations towards this find-
ing. We propose a hypothesis of prolonged percentage of 
sleep with saturations below 90% could explain the inabil-
ity of patients in the group to enter REM phase as an 
inhibitory mechanism to REM sleep.39 It is important to 
evaluate saturation in patients from high altitude because 
in a functional study of OSA patients at high altitude 
reported neurological changes compared to healthy volun-
taries like a functional connectivity between posterior cin-
gulate cortex, left caudate, and left thalamus,21 and those 
regions are involved in cingulo-opercular network which 
regulate task execution, if they are affected cognitive func-
tion may be affected.45

One of the most striking results was that in the severe 
AHI profile (Profile 4) a lower proportion of people with 
COPD was found. Only 8% of the patients in this profile 
had COPD compared to a proportion of 20% to 33% in the 
other profiles. This result is counterintuitive and not pre-
viously described. Although association between COPD 
and OSA46,47 is reported, it is to be expected that chronic 
lung disease is related to greater severity of OSA. The 
design of this study does not allow us to explore the causes 
of this inverse association between OSA severity and 
COPD prevalence. Due to the unique characteristics of 
the patients in this study, older age, and living in an 
altitude over 2630 meters,23–26,48,49 further research is 
needed. Different hypotheses can be tested to explain this 
result, for example, if COPD treatment could modulate the 
severity of OSA presentation at extreme altitude and at 
advanced age.
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An important limitation in this study is that symptoms 
associated with OSA were not assessed, while in other 
studies, important differences were associated with symp-
toms. For example, female reported depression, anxiety, 
morning headaches, and insomnia.14,37

Conclusion
We reported the first description of gender differences and 
profile analysis in a series of patients diagnosed with OSA 
living in a high-altitude city in a developing country. The 
patients we analyzed were more obese, older, and had 
lower SpO2 values than most of the populations previously 
reported. Despite the particularities of the sample, the 
polysomnographic gender differences were similar to 
what other publications have shown. An important finding 
of the gender analysis is that while male had a greater 
severity of polysomnographic OSA parameters than 
female, both genders had similar REM AHI, highlighting 
the importance of this parameter in the evaluation of OSA 
in female. More studies are necessary to evaluate this 
finding, especially in postmenopausal population in high 
altitude, because studies have evidenced that severity is 
higher after menopause.50

Regarding profiles discovery, in concordance with the 
gender analysis, we found that nor comorbidities or BMI 
were important in the generation of the profiles. In our 
group of patients, the profiles depended almost exclusively 
on polysomnographic measures. The profiles reflected 
mainly the severity of OSA, one profile with severely 
affected patients, other with patients without REM, and 
other two profiles of patients with less OSA severity and 
opposite efficiency of sleep.
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