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ABSTRACT
Sleep studies conducted at an altitude that is different from the home altitude can yield
misleading results regarding the severity of obstructive sleep apnea (OSA). The objective
of the present study was to determine the sleep characteristics of a patient undergoing
polysomnography (PSG) in three Colombian cities at different altitudes (Bogotá, at 2,640
m above sea level [ASL]; Bucaramanga, at 959 m ASL; and Santa Marta, at 15 m ASL).
The patient was an obese man with diabetes and suspected OSA. All PSG recordings
were scored and interpreted in accordance with American Academy of Sleep Medicine
criteria. In Bogotá, PSG revealed moderate OSA (an apnea-hypopnea index [AHI] of 21
events/h); in Bucaramanga, PSG revealed increased upper airway resistance (an AHI of 2
events/h); in Santa Marta, PSG revealed mild OSA (an AHI of 7 events/h). The reduction
in the AHI was predominantly a reduction in hypopneas and obstructive apneas. The
respiratory events were shorter in duration in the city at an intermediate altitude. Given
that the AHI varied widely across cities, we can assume that the patient is normal or has
moderate OSA depending on the city where he is. Central apneas were found to have
no influence on the AHI.
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Study carried out at the Hospital
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Bogotá, at the Instituto Neumológico del
Oriente, Bucaramanga, and at Respire
Previcare, Santa Marta, Colombia.

INTRODUCTION
Sleep disorders have a substantial impact on the quality
of life of patients and on their work performance.(1) The
prevalence of sleep complaints in Colombia is 59.6%.(2,3)
Among sleep disorders, sleep-disordered breathing has
the most serious and deleterious health consequences,
and studies have shown substantial increases in its
prevalence.(4,5)
Multiple studies have shown that as the altitude
increases, so does the possibility of disorders. These
disorders have been associated with decreased PaO2
resulting from changes in altitude, although in some
cases evidence suggests that they are more closely
related to hypoxic changes than to reduced atmospheric
pressure (AP).(6) However, what is the effect of altitude
descent on sleep-disordered breathing? Could it be
explained by changes in three atmospheric variables,
namely air density (and therefore viscosity through a
critically narrowed upper airway), oxygen content, and
barometric pressure or external compressive effect?(7)
In an attempt to answer these questions, we conducted

three polysomnographic studies on a patient residing in
the city of Bogotá, Colombia. Each study was conducted
in a different city in Colombia, namely Bogotá (at 2,640
m above sea level [ASL]), Bucaramanga (at 959 m ASL),
and Santa Marta (at 15 m ASL), the recordings being
scored and interpreted in accordance with American
Academy of Sleep Medicine criteria.(8)
CASE REPORT
We report the case of a 57-year-old male public health
official originally from Bogotá and undertaking extensive
domestic and international travel. His relevant medical
history included diet-controlled diabetes mellitus—he
had been diagnosed with diabetes mellitus 10 years
prior—and tonsillectomy during childhood. At this writing,
the patient was a current smoker (with a smoking
history of 6 pack-years). In addition to having reported
no medication use, he reported being unable to have a
regular diet during his travels, his diet usually consisting
of sandwiches and soup. He reported drinking alcohol
only on special occasions.
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The patient reported snoring, daytime sleepiness,
fatigue, and morning headaches. Before the three
polysomnographic recordings, he described his
sleep as being generally very good. Upon physical
examination, the patient was noted to be 1.74 m tall,
his weight, body mass index, waist circumference, and
neck circumference being 94 kg, 31.04 kg/m2, 110
cm, and 47 cm, respectively. The remainder of the
physical examination was unremarkable. His Epworth
Sleepiness Scale score was 11.
The polysomnographic study conducted in Bogotá
showed a sleep latency of 4 min and a sleep efficiency of
82%. There was an increase in non-rapid eye movement
(NREM) stage 1 sleep (to 24% of total sleep time) and
a decrease in rapid eye movement (REM) sleep (to
18% of total sleep time). The apnea-hypopnea index
(AHI) was 21 events per hour of sleep, indicating
moderate supine-dependent sleep apnea. Respiratory
events included primarily hypopneas, which were
more frequent during NREM sleep. The longest event
lasted 25 s. Snoring was observed. Only 6 central
apneas without periodic breathing were observed
(Table 1). The patient had no significant periodic leg
movements in sleep. Most arousals were related to
respiratory events, with a rate of 3 per hour. Mean
waking oxygen saturation was 86%, having decreased
to 74% during events.
The polysomnographic study conducted in
Bucaramanga showed a slightly prolonged sleep latency
(of 26 min) and a decreased sleep efficiency (of 75%).
There was an increase in NREM stage 1 sleep (to 20%
of total sleep time). REM sleep accounted for 23% of
total sleep time. The AHI was 2 events per hour of

sleep. There were respiratory effort-related arousals
and flattening of the respiratory curve, indicating
airflow limitation (Table 1). Snoring was observed.
No central events were observed. The patient had
10 arousals per hour. The longest event lasted 18 s.
There were no periodic leg movements in sleep. Mean
waking oxygen saturation was 94%, having decreased
to 86% during sleep.
The polysomnographic study conducted in Santa
Marta showed a sleep latency of 11 min and a sleep
efficiency of 81%. There were increases in NREM
stage 1 sleep (to 19% of total sleep time) and REM
sleep (to 35% of total sleep time). There were 6
central apneas without periodic breathing (Table 1).
The AHI was 7 events per hour of sleep, indicating
mild, predominantly supine-dependent sleep apnea.
Respiratory events included primarily obstructive
apneas, predominantly during NREM sleep. Snoring
was observed. The longest event lasted 23 s. The
patient had no significant periodic leg movements
in sleep. Mean waking oxygen saturation was 94%,
having decreased to 88% during respiratory events.
The patient had 4 arousals per hour.
DISCUSSION
Although we expected a linear relationship between
sleep apnea and altitude, we found that the city in
which the patient showed the lowest AHI was at an
intermediate altitude (i.e., Bucaramanga, at 959 m
ASL). In Bogotá, which is the city at the highest altitude
(2,640 m ASL) and where the patient resided at this
writing, polysomnography (PSG) showed moderate

Table 1. Summary of the results.

Variable

February 17, 2014
94
82
4

City (altitude)
Bucaramanga
(959 m ASL)
Date
October 14, 2014
94
75
26

August 5, 2014
94
81
11

64
24
46
12
18
6
37
0
69
21
39
3
74-86
66-91

53
20
46
11
23
0
11
0
3
2
2
10
86-94
67-74

94
19
40
6
35
6
26
0
6
7
12
1
88-94
66-70

Bogotá
(2,640 m ASL)

Weight, kg
Sleep efficiency, %
Sleep latency, min
REM sleep latency, min
NREM stage 1 sleep, %
NREM stage 2 sleep, %
NREM stage 3 sleep, %
REM sleep, %
Central apneas, n
Obstructive apneas, n
Mixed apneas, n
Hypopneas, n
AHI, events/h
Supine AHI, events/h
Arousal index, events/h
SpO2, %
Heart rate, bpm

Santa Marta
(15 m ASL)

ASL: above sea level; REM: rapid eye movement; NREM: non-rapid eye movement; and AHI: apnea-hypopnea
index.
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sleep apnea (an AHI of 21 events/h). This could be
explained by the acclimatization process, whereby
the number of central apneas might decrease and
obstructive events might occur. In Bucaramanga, the
patient showed increased upper airway resistance,
whereas in Santa Marta—the city at the lowest altitude
(15 m ASL)—he showed mild sleep apnea (an AHI of
7 events/h). The highest AHI was found in the city at
the highest altitude, a finding that is consistent with
those of the literature. However, the effect of altitude
descent on the AHI in the present study contrasts with
that reported by Patz et al.,(7) who studied 11 patients
and found a reduction in the AHI on descent. They
found that the reduction in the AHI was predominantly
a reduction in central apneas and hypopneas, which
decreased by 70% and 49%, respectively.(7) In our
patient, the reduction in the AHI was due to fewer
hypopneas and obstructive apneas, which decreased
by 85% and 71%, respectively. This reduction in
hypopneas on altitude descent is consistent with the
findings of Patz et al.(7)
Our results could be explained by our particular
climatic conditions. It has been reported that
patients with sleep-disordered breathing exhibit an
increased AHI with increasing altitude, and it has been
postulated that hypoxic changes are the triggers of
this phenomenon, more so than reductions in AP.(6)
In a sleep study conducted at 60 m ASL, the AHI was
found to be altered by changes in weather-related
AP.(6) The authors of that study concluded that small
changes in AP due to weather systems might play an
important role in the pathophysiology and diagnosis
of obstructive sleep apnea.(6)
Unlike Patz et al.,(7) we found no significant association
between longer lasting events and lower altitudes. In
our patient, the duration of the events was similar
between the study conducted at the highest altitude
and the study conducted at the lowest altitude (25 s
vs. 23 s), being shortest (18 s) in the study conducted
at an intermediate altitude. We expected that, at a
lower altitude, it would have taken longer to reach
the threshold SaO2 to trigger arousal, leading to a
longer apnea.(7)
With regard to hypoxemia, we found an inverse
linear trend with altitude; values of 82%, 86%, and
88% were found for the highest to lowest altitudes,
being similar to those described in the literature. In
Bogotá, we found that oxygen saturation remained
below 90% 80% of the time, whereas in the other
two cities it remained below 90% only 0.4% of the
time. This finding is very important because of the
proposed association between desaturation time and the
development of neoplastic lesions in the long term,(9)
as well as because of the development of pulmonary
hypertension.(10)
In all three cities, our patient spent more time in
superficial sleep stages (24% of total sleep time in
Bogotá, 20% of total sleep time in Bucaramanga, and
19% of total sleep time in Santa Marta), showing a

downward trend with altitude. Air conditioning was
not used in any of the cities, and our country has no
seasons. The patient traveled to Bucaramanga on the
same day on which PSG was performed and to Santa
Marta one day before PSG.
The polysomnographic studies conducted in Santa
Marta and Bogotá showed central events without
periodic breathing. The types of events observed in our
patient (with a predominance of obstructive apneas in
Santa Marta and of hypopneas in Bogotá) are similar
to those described previously.(11) In a study of sleep
disorders in immigrants with and without chronic
mountain sickness, hypopnea was found to be the
most common event.(11)
Our patient had 4 arousals per hour of sleep in
Santa Marta, 3 in Bogotá, and 10 in Bucaramanga.
It has been reported that an increased AHI does not
cause more frequent arousals at high altitudes.(12)
This finding is similar to those of the present study.
Although our patient showed an arousal rate within
normal limits in two cities, this does not rule out the
possibility that daytime functioning might be affected.
It has been reported that respiratory disorders not
accompanied by arousals could impact the quality of
sleep and impair reparative processes associated with
sleep more than previously believed.(13)
Studies examining the presence of sleep apnea
at different altitudes have shown decreased oxygen
saturation, increased AHI, and decreased slow wave
sleep at higher altitudes. Our finding of decreased
oxygen saturation is consistent with the literature.(14)
From a physiological standpoint, increased sensitivity
to CO2 below eupnea leads to PaCO2 levels below the
threshold for apnea and causes breathing to stop until
PaCO2 rises above the apnea threshold.(15) Given that
capnography was unavailable, we were unable to
observe that in our patient.
Although no statistically significant differences have
been found between high and low altitudes regarding
specific sleep stage duration, sleep quality, total sleep
time, and sleep efficiency, the number of arousals has
been found to have doubled at a high altitude.(16) No
changes in the frequency of periodic breathing have been
reported, with the exception of isolated central events
and a lower mean oxygen saturation at a high altitude.(16)
It is of note that the polysomnographic study that
we conducted in Bucaramanga showed upper airway
resistance syndrome in our patient. This finding is
noteworthy because of the ongoing debate regarding
this condition and the diagnostic approach to, health
implications of, and therapeutic options for it.(17-20)
Further comparative studies are needed, especially in
Colombia and other countries with similar geographic
characteristics, barometric pressure, and climate,
in order to provide a better understanding of the
characteristics of sleep disorders, improve detection
programs, correct disturbances, and provide more
treatment options tailored to each individual.
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