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Sleep; Introduction: Among adults, sleep apnea is more common in highlanders than in lowlanders. We
High altitude; evaluated the sleep apnea prevalence in children living at high altitude compared to age-
Children; matched low-altitude controls.

Sleep-apnea; Methods: Healthy children, 7-14 y of age, living at 2500-3800m in the Tien Shan mountains, Kyr-
Physiology; gyzstan, were prospectively studied in a health post at 3250m. Healthy controls of similar age liv-
Hypoxemia ing at 700-800m were studied in a University Hospital at 760m in Bishkek. Assessments included

respiratory sleep studies scored according to pediatric standards, clinical examination, medical
history, and the pediatric sleep questionnaire (PSQ, range 0 to 1 with increasing symptoms).
Results: In children living at high altitude (n = 37, 17 girls, median [quartiles] age 10.8y
[9.6;13.0]), sleep studies revealed: mean nocturnal pulse oximetry 90% (89;91), oxygen desatu-
ration index (ODI, >3% dips in pulse oximetry) 4.3/h (2.5;6.7), apnea/hypopnea index (AHI) total
1.7/h (1.0;3.6), central 1.6/h (1.0;3.3), PSQ 0.27 (0.18;0.45). In low-altitude controls (n=41, 17
girls, age 11.6y [9.5;13.0], between-groups comparison of age P=0.69) sleep studies revealed:
pulse oximetry 97% (96;97), ODI 0.7/h (0.2;1.2), AHI total 0.4/h (0.1;1.0), central 0.3/h
(0.1;0.7), PSQ0.18 (0.14;0.31); P<0.05, all corresponding between-group comparisons.
Conclusions: In school-age children living at high altitude, nocturnal oxygen saturation was
lower, and the total and central AHI were higher compared to children living at low altitude. The
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greater score of sleep symptoms in children residing at high altitude suggests a potential clinical
relevance of the nocturnal hypoxemia and subtle sleep-related breathing disturbances.

© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

World-wide, millions of people permanently reside at high
altitudes above 2500 m and even more people travel to high
altitudes for professional or leisure activities. Life-long
exposure to hypoxia may have adverse health effects and
cause chronic altitude illness such as chronic mountain sick-
ness or high altitude pulmonary hypertension (HAPH), both
associated with impaired quality of life and survival.”? In
Kyrgyz highlanders living at altitudes above 2500 m, we
observed a significantly higher prevalence of sleep apnea
compared to lowlanders, in particular in those with HAPH.>
Highlanders with HAPH and sleep apnea performed worse in
tests of vigilance and cognitive performance and their qual-
ity of life was reduced compared to healthy highlanders and
lowlanders.

In children, health consequences of acute and chronic
high-altitude exposure have not been extensively studied.*®
Children permanently living at high altitude seem to have a
reduced rate and pattern of growth’ but this may be modi-
fied by ethnicity.'® Based on a systematic review of the liter-
ature, oxygen saturation in children, 0 to 19 years of age,
living at high altitude, decreases with higher altitude but
shows a wide inter-individual variability and pronounced dif-
ferences between sleep and wakefulness states."" This vari-
ation regresses partially with advancing age from early
childhood to adolescence. Both chronic and acute altitude
exposure seems to affect cognitive performance among chil-
dren and adolescents.'> ' From the scant published data it
is not clear whether hypobaric hypoxia per se or other envi-
ronmental influences, nutrition, socioeconomic conditions,
genetics and further unknown factors are responsible for the
health consequences in children living at high altitude
described here.

In children living at low altitude, the prevalence of sleep
disordered breathing (defined by an apnea/hypopnea index,
AHI, >5/h) has been estimated at 1.2%, i.e., seems to be
lower than that in adults if the same criteria (AHI >5/h) are
applied.™ In children affected by obstructive sleep apnea,
sleep disordered breathing may cause behavioral disturban-
ces, cognitive impairment, retardation in growth, and, pos-
sibly, predispose to cardiovascular disease.'® Treatment may
include adenotonsillectomy, continuous positive airway
pressure (CPAP), weight management in obese children,
nasal topical corticosteroids, among others."” "

As the type and prevalence and the clinical manifesta-
tions of sleep disordered breathing in children living at high
altitude have not been exhaustively studied, the purpose of
this current investigation is to perform a cross-sectional sur-
vey including respiratory sleep studies and clinical evalua-
tions in highlander school-age children in comparison to age-
matched lowlander children. Based on our findings in adult
highlanders,® we hypothesize that children living at high
altitude have a higher prevalence of sleep disordered
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breathing and nocturnal hypoxemia that negatively affects
the health status of highland children.

Methods
Design and setting

This is a cross-sectional study performed in children, 7-14 y
of age, living in the Tien-Shan mountain range, near the
Aksay health post, located at 3250 m, Kyrgyz Republic. Age-
matched children living in the Bishkek area at 600-800 m
were studied as controls in the National Center of Cardiology
and Internal Medicine, Bishkek, at 760 m. The protocol was
approved by the Ethics Committee of the National Centre of
Cardiology and Internal Medicine. Written informed consent
was obtained from children and parents.

Participants

Two groups of healthy, male and female children, 7-14 y of
age, were invited to participate in the study by word of
mouth among families of presumed Kyrgyz origin known to
the study staff and/or living in the area of the study loca-
tions: Group 1: Children living in the Aksay region at 2’500-
3’800 m (high altitude group [HA-group]); group 2: Children
living in the Bishkek area at 700-800 m (low altitude controls
[LA-group]).

Exclusion criteria were any chronic or acute disease
requiring medical treatment.

Assessments

Clinical examination

A general medical and sleep history was obtained and the
pediatric sleep questionnaire (PSQ) was completed (see Sup-
plementary Tables 1 and $2).%° The PSQ includes 22 items
evaluating breathing, sleep, behaviour and some other
aspects. The total PSQ score ranges from 0 to 1 with increas-
ing prevalence of symptoms.

Chronic mountain sickness was assessed by the Qinghai
score that includes 7 items evaluating breathlessness and/or
palpitation, cyanosis, dilated liver veins, paresthesia, head-
ache, tinnitus and sleep disturbance, each rated on a scale
of no/mild/moderate/severe with 0-4 points. The chronic
mountain sickness score is the sum of all answer scores plus
0-3 points for hemoglobin concentration.” In the current
study, only the sum of the answer scores (range 0-28) is
reported. Acute mountain sickness (AMS) was evaluated by
the Lake Louise questionnaire (LLS, 2018 version).?" It evalu-
ates 4 symptoms (headache, gastrointestinal symptoms,
fatigue and/or weakness, dizziness/light-headedness), each
rated from 0 (absent) to 3 (severe). The sum of scores is the
LLS with a range of 0-12 points.
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A physical examination and pulse oximetry were per-
formed. The presence of caries was recorded as the number
of affected teeth and rated from 0 (absent) to 3 (3 or more
affected teeth). Overbite and overjet (vertical overlap and
horizontal distance, respectively, of upper vs. lower front
teeth during occlusion) were measured. The Mallampati
score of the pharyngeal space (range 1 to 4 with decreasing
calibre) and the Brodsky score of tonsillar size (range
0 to 4 with increasing size) were obtained (Supplementary
Table 53).2% Spirometry was performed (Easy One, NDD, Zur-
ich Switzerland) using GLI reference equations.?*

Respiratory sleep studies

Respiratory sleep studies were performed in a quiet room
from 22:00 to 07:00 as described previously.® One parent
was allowed to stay with the child but instructed to avoid
any disturbance. A portable polygraph (Alice PDX, Philips
Respironics, Zofingen, Switzerland) recorded pulse oximetry
(Sp0,), respiratory inductance plethysmography of rib cage
and abdomen, nasal cannula pressure swings, electrocardio-
gram and body position. Continuous audio-visual recordings
were obtained by a low-light infrared camera.

Recordings were analyzed according to the American
Academy of Sleep Medicine pediatric rules (see Supplemen-
tary Methods) from lights-off to lights-on (=time in bed,
TIB).?*?> An obstructive apnea was defined as a >90%
decrease in nasal pressure amplitude for the duration of >2
breaths with persistent respiratory effort as evidenced by
chest wall excursions; a central apnea was scored in the
absence of effort if the event lasted for >20 s or for >2
breaths in association with a SpO, dip >3%. An obstructive
hypopnea was scored if the nasal pressure swing amplitude
dropped by >30% from pre-event baseline for >2 breaths in
association with a >3% SpO, dip and persistent efforts and/
or flattening of the inspiratory nasal pressure contour; a cen-
tral hypopnea was scored if efforts and signs of inspiratory
flow limitation were absent. Individual large breaths, more
than twice the baseline amplitude, were scored as sighs?®
and divided into isolated sighs, not associated with any
discernable other event, or sighs associated with an oxygen
desaturation or an apnea/hypopnea event (Supplementary
Fig. S1). The apnea/hypopnea index (AHI), oxygen desatura-
tion index (ODI, >3% dips) and sigh index were computed as
mean number of events per hour of TIB. Behavioural wake-
fulness and sleep periods were determined by inspection of
audio-visual recordings and physiological signals. Estimated
behavioural total sleep time (bTST) and sleep efficiency
(bTST/TIB) were computed.

Outcomes and sample size estimation

The main outcomes were the AHI and ODI, further outcomes
were other variables from sleep studies and clinical charac-
teristics. The study was powered with 80% to detect a mini-
mally important difference in AHI of 1/h, assuming a SD of
1.2/h, two-sided alpha of 0.05.

Data analysis and statistics

Per-protocol analysis was performed on all available data.
Descriptive statistics are presented as counts and propor-
tions, and medians (quartiles). Between-group comparisons
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were performed by Mann-Whitney tests and median differ-
ences with 95% confidence intervals (Cl). Further analyses
included multivariable linear regression models exploring
associations among the AHI, sex, age, height and weight. A
probability of <0.05 or 95% confidence intervals excluding
zero were considered to indicate statistical significance.

Results
Participants

Among 60 children screened in Bishkek (LA-group), 41 were
included; among 63 children screened in Aksay (HA-group), 47
were included (see participant flow in Supplementary Fig. S3).
In the HA-group, 3 sleep studies were not available because of
technical failure. Therefore, the per protocol HA-group con-
sisted of 37 children (20 boys, 17 girls), the per-protocol LA-
group of 41 children (24 boys, 17 girls). The sex distribution,
age, height, weight and pulse rate in the two groups were simi-
lar (Table 1). However, the HA-group had a significantly lower
median SpO, of 92% (quartiles 91;94) and a higher respiratory
rate of 23 breaths/min (21;24) than the LA-group (98% [97;99]
and 20 breaths/min [19;22]). The assessment of the upper air-
ways and teeth revealed similar, mostly normal findings in
both groups. Spirometry showed significantly higher FVC and
FEV, in highlanders compared to lowlanders, FEV,;/FVC was
the same in both populations. The PSQ and the Qinghai chronic
mountain sickness scores were significantly higher in the HA-
group compared to the LA-group. Various aspects of the sleep
history, including the median duration of the nocturnal rest
period of 10.0 h (quartiles 9.0;10.5), did not significantly differ
between groups although the nocturnal rest period of HA-
group started and ended one hour later than those of the LA-
group (Supplementary Table S4).

Sleep studies

Results from sleep studies are summarized in Table 2 and illus-
trated in the Figs. 1 and 2. Both groups spent a similar period
of approximately 9 h in bed. In the LA-group, the median
Sp0, of 97% (quartiles 96;97), the median ODI of 0.7/h TIB
(0.2;1.2) and the total AHI of 0.4/h TIB (0.1;1.0) were nor-
mal. In contrast, in the HA-group, the median SpO, of 90%
(89;91) and other indices of oxygenation were significantly
reduced, while the total AHI of 1.7/h (1.0;3.6) and the ODI of
4.3 (2.5;6.7) were significantly elevated due to a higher num-
ber of central apneas/hypopneas (Table 2). Periodic breathing
(sequences of at least 3 successive apnea/hypopnea cycles),
was not observed in any of the groups. The sigh index was sim-
ilar in both groups but the HA-group had less isolated and
more associated sighs (followed by an apnea/hypopnea or
desaturation) compared to the LA-group. The HA-group had a
significantly higher heart rate than the LA-group (median dif-
ference of 8.1/min, 95% Cl 4.1 to 21.1). The behavioral sleep
efficiency (bTST) was reduced (86% [79;91]) and the sleep
latency was prolonged (59 min [40;78]) in the HA-group com-
pared to the LA-group, (92% [83;95] and 39 min [22;71]). Cor-
respondingly, respiratory events referenced to estimated
bTST differed slightly to those referenced to TIB but the
trends of differences between groups remained unchanged
(Supplementary Table S5).
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Table 1  Participant characteristics.
Variable Lowlanders n=41 Medians Highlanders n=37 Medians Median Differences P value
(quartiles) (quartiles) (95% Cl)

Boys, No. (%) 24 (59) 20 (54)

Girls, No. (%) 17 (41) 17 (46)

Age,y 11.6 (9.5;13.0) 10.8 (9.6;13.0) —0.2(-1.1t00.9) 0.693
Height, cm 148 (133;156) 140 (131;151) —-5(-11to 1) 0.115
Weight, kg 35 (30.4;43.9) 34 (28;41.5) -2 (-6t02.2) 0.319
Body mass index, kg/m? 16.8 (15.1;18.7) 17.0 (16.0;17.9) 0.2(-0.9t01.2) 0.844
Pulse oximetry, % 98 (97;99) 92 (91;94) —6 (-7 to -5) <0.001
Pulse rate, /min 93 (82;102) 93 (86;104) 1(-5to7) 0.841
Respiratory rate, /min 20 (19;22) 23 (21;24) 2(1to3) 0.001
Body temperature, C° 36.6 (36.5;36.6) 36.6 (36.2;36.6) 0(-0.2t00) 0.241
Mallampati Score (range 1-4) 1(1;2) 1(1;2) 0(0to0) 0.905
Nasal obstruction 0 (0;0) 0 (0;0) 0(0to0) 0.207
Brodsky Score (range 0-4) 2 (1;2) 2 (1;2) 0(@0tot) 0.392
Karies, N (range 0-3+) 1(0;3) 2 (1;3) 0(0to1) 0.080
Teeth missing, N 0(0;1) 0(0;2) 0(0to0) 0.282
Overbite, mm 2 (1;3) 1(1;2) 0(-1to0) 0.380
Overjet, mm 1(1;2) 1(1;2) 0(-1to0) 0.387
FVC, %pred 97 (89;105) 105 (98;111) 9 (3to 14) 0.002
FEV1, %pred 92 (84;105) 102 (94;111) 9.02 3 to 16) 0.003

FEV1/FVC, %

Pediatric sleep questionnaire
(range 0-1)

Qinghai chronic mountain sickness
score (range 0-28)

Lake Louise Score (range 0-12)

0.86 (0.82;0.88)
0.18 (0.14;0.32)

0 (0;0)

1(0;1)

0.87 (0.83;0.92)
0.27 (0.18;0.45)

1(0;4)

1(0;2)

0.01 (-0.02t00.04)  0.476
0.09 (0.00 to 0.18) 0.024
1(0to02) <0.001

0(0to0) 0.053

Values are counts (percent) or medians (quartiles). The ranges indicated for several assessments reflects more severe symptoms or more
abnormal findings with increasing numbers. For spirometry, data are available for 71 children (LA=36, HA=35) as some were unable to per-

form the maneuvers. FVC = forced vital capacity; FEV1 = forced expiratory volume in 1 second.

Table 2  Sleep studies in children living at high vs. low altitude.
Outcomes Lowlanders n=41 Medians Highlanders n=37 Medians Differences (95% Cl) P value
(quartiles) (quartiles)

Time in bed, min 540 (510;540) 538 (522;540) 0 (-6 to 14) 0.754

Mean nocturnal SpO,, % 97 (96;97) 90 (89;91) —7 (-7 to-6) <0.001

Time spent with SpO, <90%, 0 (0;0) 45.6 (23.5;72.2) 45.6 (26.5 t0 68.0) <0.001
%TIB

ODI, events/h 0.7 (0.2;1.2) 4.3 (2.5;6.7) 3.2(2.1t04.3) <0.001

AHlI total, events/h 0.4 (0.1;1.0) 1.7 (1.0;3.6) 1.3(0.8t02.2) <0.001

AHI central, events/h with >3% 0.3 (0.1;0.7) 1.6 (1.0;3.3) 1.2 (0.8t0 1.6) <0.001
SpO,-dips

AHI obstructive, events/h 0 (0;0) 0 (0;0) 0(0to0) 0.235

AHI mixed, events/h 0 (0;0) 0 (0;0) 0(0to0) 0.927

Sigh index (total), events/h* 10.0 (8.4;11.6) 9.2 (7.0;10.5) —1.2 (-2.6t00.2) 0.086

Sigh index isolated, events/h 10.0 (7.4;11.4) 7.9 (5.5;9.3) —2.0(-3.4to0 -0.6) 0.007

Sigh index associated, events/h 0.2 (0.1;0.5) 0.8 (0.4;1.6) 0.4 (0.2t00.8) <0.001

Respiratory rate, 1/min 18 (16;19) 17 (16;18) —1(-2t00) 0.225

Heart rate, 1/min 70.2 (66.7;77.54) 80.4 (73.7;84.8;) 8.1 (4.1to012.1) <0.001

Behavioral sleep efficiency
Behavioral sleep latency, min
Supine body position, %TIB

0.92 (0.83;0.95)

38 (22;71)
48 (34;60)

0.86 (0.79;0.91)

58 (39;78)
43 (30;56)

~0.05 (-0.09 to -0.01) 0.008

15 (1 to 30) 0.045
—4 (-13to5) 0.365

Values are medians (quartiles) and median differences with 95% confidence intervals (Cl) during time in bed (TIB). Heart rate is computed
during behavioral total sleep time. SpO,: pulse oximetry; ODI: oxygen desaturation index, >3% dips; AHI: apnea/hypopnea index; %TIB:
percent of time in bed; * the total sigh index includes the index of sighs without associated event (i.e., isolated sighs) and the index of
sighs associated with an apnea/hypopnea or oxygen desaturation (i.e., associated sighs).
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Lowlanders Highlanders
Pulse oximetry
90% to-<05% { I P<0.001
85% to <90% { } P<0.001
o I R P

100 80 60 40 20 O
Prevalence, % TIB

20 40 60 80 100

Fig. 1  Nocturnal oxygenation in school-age children living at
lowlands and highlands, respectively. The columns with lines
represent medians and quartiles of the prevalence of pulse
oximetry values in 3 different ranges in lowlanders (to the left)
and highlanders (to the right). TIB = time in bed; HL-LL = values
in highlanders minus corresponding values in lowlanders.

To assess the effect of altitude on respiratory disturbance
after adjusting for potential confounders, multiple regres-
sion models were fitted. They confirmed a significant effect
of altitude on the total and central AHI even when con-
trolled for age, sex, weight and height (Table 3). In further

[ ]

5 =
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£ [ ]
\—“ 3 n
= P<0.001
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T 21 AHI
<C

[
| &
0 . +
Lowlanders Highlanders

regression analyses exploring potential effects of altitude
and total AHI on height, a negative association was found
with altitude but not with the total AHI when controlled for
age and sex and explored for the interaction of AHI and alti-
tude (Supplementary Table S6).

Discussion

The current study in school-age children living at high alti-
tude revealed lower indices of nocturnal oxygenation and a
higher number of total and central apneas/hypopneas as
well as a higher nocturnal heart rate compared to age-
matched children living at low altitude. Since highlander
children had higher questionnaire scores of sleep distur-
bance and chronic mountain sickness than their lowland
counterparts, hypoxemia, respiratory sleep disturbances
and other altitude-related factors may have affected the
sleep quality and general well-being of highland children.
Our findings confirm the hypothesis that in children resi-
dence at high altitude is associated with hypoxemia and an
elevated AHI compared to lowlander controls. The differ-
ence in AHI was due to more central events in highlander

T
|
AHlI total I ——

|
|
|
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|
|
|
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obstructive - 4&
|
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AHI mixed - Ilj
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Fig. 2 Apneas/hypopneas in school-age children living at lowlands and highlands, respectively. Left panel: the distribution of the

total apnea/hypopnea index (AHI) in lowlanders and highlanders i
90™" percentiles (whiskers) and values outside this range (dots). Ri
intervals in total, central, obstructive and mixed AHI.

s represented by medians and quartiles (lines and boxes), 10™" and
ght panel: median between-group differences with 95% confidence

Table 3  Predictors of the apnea/hypopnea index in multivariable regression analysis.
Dependent variable total AHI Dependent variable central AHI
Predictor Coefficient SE 95% Cl P value Coefficient SE 95% ClI P value
Location, altitude 1.66 0.31 1.05 to 2.27 <0.001 1.52 0.30 0.93to02.12 <0.001
3250 mvs. 760 m

Age, y —0.07 0.16 —0.39t00.25 0.253 —0.03 0.16 —0.34t00.28 0.839
Sex, male vs. female —0.56 0.29 —1.14t00.03 0.062 —0.44 0.28 —1.01t00.13 0.127
Weight, kg —0.01 0.03 —0.08 t0 0.06 0.717 —0.01 0.03 —0.08 t0 0.05 0.713
Height, cm —0.01 0.03 —0.07 to 0.05 0.712 —0.02 0.03 —0.08 to 0.04 0.483
Constant, events/h 4.32 2.72 —-1.11t09.75 0.117 5.05 2.64 —0.22 t0 10.32 0.060

R? of the entire models for the total and central apnea/hypopnea index (AHI) were 0.40, P<0.001, both instances.
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children which is consistent with our observations in unaccli-
matized prepubertal lowlander children travelling to
3450 m,® and with studies in children, aged 3-5 years, resid-
ing at 1600 m (Denver, Colorado, USA).?” However, the find-
ings seems to contrast to those of 2 studies performed in
South America. Thus, in highlander children, 4-9 years of
age, studied at 2560 m, near Bogota, the elevated AHI of
9.2/h was predominantly due to a higher frequency of
obstructive events (8.8/h).%% Similarly, in children, 7-10 y
and 13-16 y of age, studied at 3650 m in La Paz the obstruc-
tive AHI was higher (2.1/h) than the central AHI (0.7/h).?
Explanations of the apparent discrepancy in the prevalence
of central and obstructive apneas/hypopneas among the
current and the 2 South American studies may relate to dif-
ferences in study procedures, and analysis of respiratory
events?®?? as well as to differences in study populations
including age, obesity in some children?® and, presumably,
ethnicity. In accordance with previous studies in lowlander
children acutely exposed to high altitude as well as in high-
lander children,®?° sighs were commonly observed in the
current study. The physiological significance of sighs is
poorly understood, but they may be associated with arousals
and interaction with respiratory control.’®*° Thus, sighs
may trigger central apneas/hypopneas by transiently driving
the arterial PCO, below the apnea threshold, in particular, if
the CO, reserve is reduced due to an increased respiratory
centre drive at altitude or in conditions such as in Down syn-
drome.?" In the current study, only a small fraction of sighs
was associated with apneas/hypopneas but this type of sigh
was more common in highlanders and may have contributed
to their elevated central AHI.

Spirometry revealed greater dynamic lung volumes in
highlander compared to lowlander children while FEV,/FVC
ratios were similar (Table 1) which was consistent with
observations in adult Kyrgyz highlanders vs. lowlanders.>?
Whether the findings indicate greater pulmonary gas stores
and, thus, a reduced plant gain of the respiratory control
system in highlanders that dampens excessive overshooting
of ventilation in response to the enhanced neural respiratory
drive at high altitude requires further study.**

Highlander children had a higher heart rate than low-
landers suggesting sympathetic activation due to intermit-
tent and sustained hypoxia as observed in healthy adults
acutely exposed to high altitude,*> and in adult Kyrgyz high-
landers with high altitude pulmonary hypertension (HAPH)
who had also a greater incidence of cardiac arrhythmia and
elevated markers of cardiovascular disease and cardiovascu-
lar mortality compared to lowlanders.>3*

The highlander children reported more sleep apnea-asso-
ciated symptoms as evaluated by the PSQ, and their scores
in the Qinghai chronic mountain sickness questionnaire were
higher than those of lowlanders. Therefore, even the slight
elevation of the AHI observed in the current study in associa-
tion with intermittent and sustained hypoxia seems to have
affected the perceived well-being of the highlander children
during daytime, a novel and clinically important finding.

As observed in adult Kyrgyz highlanders, the body height
of highland children tended to be reduced compared to low-
landers.* In multivariable regression analysis adjusting for
sex and age, the body height was (negatively) associated
with altitude but not with the AHI suggesting that hypoxemia
and other, unspecified factors, such as nutrition and

390

socioeconomic conditions, rather than sleep disordered
breathing may have contributed to the differences in height
among highlander and lowlander children. This is of particu-
lar interest, as obstructive sleep apnea in children at low-
lands is well known to be associated with reduced
growth.'®"?

A potential limitation to the interpretation of our data
derives from the fact that factors associated with residence
at high vs. low altitude, including socio-economic condi-
tions, nutrition, physical activity, and a recruitment bias of
our convenience samples, may have modified the results.

Conclusions

The current study shows that in school-age children living at
high altitude, nocturnal oxygen saturation is lower, and the
total and central AHI are higher compared to children living
at low altitude. Higher symptom scores of sleep disturbance
and chronic mountain sickness in children residing at high
compared to low altitude emphasize the potential clinical
relevance of high altitude exposure and its physiological
consequences in terms of hypoxemia and sleep-related
breathing disturbances. Further studies in children are
needed to scrutinize altitude-related adverse effects on
neurocognitive and cardiovascular function and on other
aspects of health at long term.
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