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Abstract

Purpose: Research in adults suggests that altitude impacts the restorative properties of sleep and
increases risk for mental health concerns. The aim of this study was to extend this research to an
adolescent sample to examine how living at altitude may be associated with greater sleep need
and mental health symptoms during a period of the life-span when risk for insufficient sleep and
mental health difficulties is high.

Methods: Data were collected from 105 adolescents aged 10-17 years residing at moderate-high
altitudes. Parents reported on sociodemographics and adolescent depressive and anxiety
symptoms, and adolescents reported on their subjective sleep need and sleep duration. Altitude
was calculated using U.S. Geological Survey data.

Results: Adjusting for age, sex, socioeconomic status, rurality, and sleep duration, living at
higher altitude was associated with reports of greater sleep need. Altitude was unrelated to
mental health symptoms.

Discussion: The majority of adolescents do not obtain the recommended amount of sleep. These
findings suggest that adolescents living at moderate-high altitudes may be at further risk due
increased sleep need at higher elevations.
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Sleep is important for adolescent health and development, yet the majority of adolescents
report feeling like they need more sleep than they currently obtain [1]. There are numerous
biological and social changes that may impact sleep duration during adolescence [2], but less is
known regarding individual differences in sleep need (i.e., the minimum number of hours of
sleep needed to feel well rested) during this period of the life-span. Importantly, sleep differs
across geographical locations across the world [4,5]. One geographical attribute that may
influence the restorative properties of sleep is altitude.

Findings in adults have shown that sleep disturbances are common upon ascent to higher
altitude [7-9]. Specifically, studies have found that sleeping at high altitude reduces slow wave
delta (0.8—4.6 Hz) activity [10], which is a biomarker of sleep homeostasis. Reduced delta may
result in an inability to effectively dissipate sleep pressure and can increase the amount of sleep
needed to feel well-rested [11]. In addition, higher altitudes have also been associated with
increased depression and anxiety symptoms [12]. However, research to date on altitude has been
limited to adult samples. Understanding these associations is important during the adolescent
period, when sleep disturbances are common [1-2] and risk for mental health symptoms
dramatically increases [13].

The current study examined associations between moderate-high altitude on individual
differences in sleep need and mental health in adolescents. Based on prior research in adults, it
was expected that adolescents living at higher altitude would report greater sleep need. It was
also expected that higher altitude would be associated with greater depression and anxiety
symptoms.

Methods

Participants and Procedures



Adolescents (N = 105) between the ages of 10-17 years (M = 13.29, SD = 2.06) were
recruited from the Mountain West region of the United States for a study on rural sleep health.
Participants were recruited using targeted postcard mailings to obtain a geographically
representative sample of adolescents from the region. Adolescents were half female (47.6%) and
primarily non-Hispanic white (87.6% white, 9.5% multiracial, 1% American Indian/Alaskan
Native, 1% Asian, 1% other; 2.9% Hispanic/Latino). Participants and their parent completed
informed consent/assent, questionnaires, and provided their home address, which was used to
calculate altitude using U.S. Geological Survey data (usgs.gov). Participants were provided with
a giftcard for participation. All procedures were approved by the Institutional Review Board at
Montana State University.

Measures

Sleep Need. Participants reported on their subjective sleep need by responding to the item
“How often do you think that you need more sleep?” from the Pediatric Daytime Sleepiness
Scale [14] from 1 (Never) to 5 (Very Often/Always). Participants also indicated how much longer
they would like to sleep each night if they had the opportunity from 1 (I sleep enough) to 5 (1
want 4+ extra hours). Responses were dichotomized (1 = gets enough sleep, 2 = wants 1+ more
hours of sleep).

Sleep Duration. Adequate sleep duration was assessed based on age-specific
recommendations from the American Academy of Pediatrics [15]. Adolescents reported whether
they sleep between 9-12 hours per day (for 10-12 year olds) or between 8-10 hours per day (for

13-17 year olds) on a 3-point scale from 1 (rarely/never) to 3 (usually/always).



Depression and Anxiety Symptoms. Parents reported on their child’s depression and
anxiety symptoms in the last 6 months using DSM-oriented subscales of the Child Behavior
Checklist [16]

Sociodemographic Covariates. Parents reported on adolescent age, sex, family income
and education, and household rurality.

Statistical Analysis

We examined the association between altitude, sleep need, and mental health symptoms
using a series of linear and logistic regression models using the Im and glm function in R version
4.2.0. All models adjusted for age, sex, income, parental education, rurality, and sleep duration.
Models included altitude as the independent variable and sleep need as the dependent variable.
First, a linear regression was conducted to assess the frequency with which adolescents reported
that felt like they needed more sleep, adjusting for sociodemographics and whether they
regularly obtained an age-appropriate sleep duration. A logistic regression was then conducted to
examine whether adolescents reported feeling like they need more sleep (1+ extra hour),
adjusting for whether they obtained the recommended sleep duration and sociodemographics.
Finally, two linear regressions were also conducted to examine the association between altitude
and mental health symptoms (depressive symptoms, anxiety symptoms), adjusting for sleep
duration and sociodemograhics.

Results

The average altitude where participants resided was 3,569 ft (SD = 762, range = 1,938-
5,325). A linear regression adjusting for sociodemographics and whether or not teens regularly
obtained an age-appropriate sleep duration indicated that living at higher altitude was positively

associated with adolescent reports that they need more sleep more often (= .24, ¢t=2.53, p =



.013; Figure 1A). A logistic regression adjusting for whether teens obtained the recommended
sleep duration and sociodemographics indicated that altitude was also positively associated with
reports of needing 1+ extra hour of sleep (Estimate = .68, SE = .26, p = .009, McFadden’s R?~
.12; Figure 1B).

Linear regressions adjusting for sleep duration and sociodemograhics indicated that
altitude was not significantly associated with mental health symptoms. Specifically, altitude was
not related to depression (B =-.10, t = -.96, p = .339) or anxiety symptoms (B =-.15,¢=-1.42,p
=.16). Full model statistics are available in the Supplemental File.

Discussion

The current study is the first to our knowledge to examine altitude, sleep, and mental
health in a sample of adolescents. Findings suggest that living at higher altitude was associated
with greater sleep need, even after adjusting for sociodemographics and actual sleep duration.
These findings are in line with adult studies which suggest that higher altitudes may reduce the
restorative properties of sleep [6-10]. The majority of adolescents do not obtain adequate sleep,
and these findings suggest that this risk may be further exacerbated for teens living at higher
altitudes who may have a higher sleep need. Despite prior studies on altitude and mental health
in adults, there were no significant associations between altitude and depression and anxiety in
the current adolescent sample. Numerous maturational risk factors for mental health difficulties
emerge during adolescence, which may explain why altitude may differentially relate to
psychiatric risk in this age.

Limitations
This study is not without limitations. First, sleep need and sleep duration were assessed

using self-report. Future research should examine sleep using objective methods like actigraphy,



or polysomnography to uncover neurobiological mechanisms that may underlie changes to
adolescent sleep need (e.g., delta power). In addition, mental health was assessed via parent-
report. Our sample was also primarily non-Hispanic white and lived in a rural region of the
Mountain West in the United States. Future research should examine adolescents living at higher
altitudes and samples with greater racial/ethnic diversity. Future research should also investigate
changes to sleep when ascending to higher altitudes to better determine causality. Finally, this
study did not include a control group of adolescents living at low altitude.
Conclusion

In sum, sleep is an important catalyst of healthy physical, cognitive, and socioemotional
development in adolescence. The current findings suggest that sleep during adolescence may be
compromised at higher altitudes. While future research is needed to build on this preliminary
study, altitude may be an important factor to consider when tailoring personalized sleep
recommendations and in developing region-specific policies related to sleep in adolescents (e.g.,

determining appropriate school start times).
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Figure 1A-B. Association between altitude and sleep need. Figure 1A displays the association between altitude and the frequency of
experiencing increased sleep need from 1 (Never) to 5 (Very Often/Always). Figure 1B is displays the association between altitude
and reports of needing 1+ extra hour of sleep (high sleep need) or no extra sleep (low sleep need). The boxplot displays the median
and the first and third quartile ranges. Individual data points are displayed, and each set of data are outlined by the density distribution.
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