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Study Objectives: To study the effect of altitude on subjective sleep quality in populations living at high and low altitudes after excluding cases of restless 
legs syndrome (RLS).
Methods: This population-based study was conducted at three different altitudes (400 m, 1,900–2,000 m, and 3,200 m above sea level). All consenting 
subjects available from random stratified sampling in the Himalayan and sub-Himalayan regions of India were included in the study (ages 18 to 84 years). 
Sleep quality and RLS status were assessed using validated translations of Pittsburgh Sleep Quality Index (PSQI) and Cambridge Hopkins RLS diagnostic 
questionnaire. Recent medical records were screened to gather data for medical morbidities.
Results: In the total sample of 1,689 participants included, 55.2% were women and average age of included subjects was 35.2 (± 10.9) years. In this 
sample, overall 18.4% reported poor quality of sleep (PSQI ≥ 5). Poor quality of sleep was reported more commonly at high altitude compared to low altitude 
(odds ratio [OR] = 2.65; 95% CI = 1.9–3.7; P < .001). It was more frequently reported among patients with RLS (29.7% versus 17.1% without RLS; P < .001). 
Other factors that were associated with poor quality of sleep were male sex, smoking, chronic obstructive pulmonary disease (COPD), and varicose veins. 
Binary logistic regression indicated that COPD (OR = 1.97; 95% CI = 1.36–2.86; P < .001), high altitude (OR = 2.22; 95% CI = 1.55–3.18; P < .001), and RLS 
(OR = 1.66; 95% CI = 1.12–2.46; P = .01) increased the odds for poor quality of sleep.
Conclusions: This study showed that poor quality of sleep was approximately twice as prevalent at high altitudes compared to low altitudes even after 
removing the potential confounders such as RLS and COPD.
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INTRODUCTION

In the recent past, there has been an increasing interest in the 
effect of altitude on the quality of sleep.1–3 It has been found 
that quality of sleep worsens as we ascend to higher altitudes 
and this has been ascribed to many factors, including periodic 
breathing secondary to hypobaric hypoxia and also to fre-
quent arousals from sleep thought to be associated with peri-
odic breathing.4,5 However, the relationship between quality of 
sleep and high altitude is complicated by the individuality of 
response to hypoxia; all studies do not show clear effects of al-
titude on periodic breathing.6 Acclimation is a natural process 
and it has been shown that Tibetans living at very high alti-
tudes maintain optimal oxygen saturation during wakefulness 
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as well as during sleep and have good quality of sleep.7 Even 
the lowlanders adapt themselves to the high altitude and their 
quality of sleep improves and sleep disturbances reduce as they 
spend more time at high altitude.8

Reports assessing the effect of altitude on quality of sleep 
have shown that some factors may influence the relationship 
(eg, duration of exposure to the high altitude, the altitude itself, 
genetic makeup, assessment tools, time of assessment after 
exposure to altitude, presence of medical morbidities, smok-
ing, sampling methods, and size of study population). Most 
of the earlier studies have included subjects who were native 
lowlanders and were made to ascend to various altitudes (rang-
ing from 3,200 m to 7,134 m); they adopted different meth-
ods for assessment of quality of sleep (eg, questionnaires or 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Many of the available studies that address the issue of quality of sleep at high altitude have methodological 
limitations (eg, lowlanders were made to ascend to high altitude; quality of sleep was measured using polysomnography, which has little correlation 
with subjective feeling; and small sample size). It is known that acclimatization to high altitude occurs, especially in populations native to high altitude. 
This study was conducted to compare subjective quality of sleep between populations native to high altitude and low altitude.
Study Impact: This study found that subjective quality of sleep was poor, compared to lowlanders, in a significant proportion of the population native 
to moderately high altitude—even after removing potential confounders such as chronic obstructive pulmonary disease and restless legs syndrome, 
perhaps because of deficient acclimatization. The acclimatization process may involve genetic as well as epigenetic factors.



16Journal of Clinical Sleep Medicine, Vol. 14, No. 1 January 15, 2018

R Gupta, J Ulfberg, RP Allen, et al.  Sleep Quality at High Altitude

polysomnography), had sample sizes ranging from 9 to 100, 
and differed in the time provided for acclimatization (1 day to 
6 days).1,4,5,9 Although these findings are important for climb-
ers, they cannot be extrapolated to long-term residents at high 
altitudes because populations native to high altitude become 
acclimated.7,10 Only a handful of studies have been conducted 
to assess the quality of sleep of natives staying at high altitude 
and fewer have compared their quality of sleep with that of 
lowlanders.10–15 However, small sample size was a limiting fac-
tor in these studies, making the generalization of these findings 
difficult.10–14 Moreover, literature correlating subjective quality 
of sleep with polysomnography-measured sleep is inconsistent 
and shows only a weak correlation between subjective quality 
of sleep and objectively measured polysomnographic data.16,17 
Last, restless legs syndrome (RLS) is more prevalent among 
high-altitude residents compared to those at low altitude, and 
its effect has not been taken into consideration in any of the 
earlier studies.18–21 Considering the methodological limitations 
of earlier studies, this study was planned to compare the sub-
jective quality of sleep between residents residing at moder-
ately high altitude for a long time and residents living at low 
altitude after controlling for RLS.

METHODS

This study (Sleep and RLS at High Altitude [SARAHA]) was 
conducted in the Himalayan region of India after obtaining ap-
proval from the institutional ethics committee of the Hima-
layan Institute of Medical Sciences, Dehradun, India. Results 
showing increased prevalence of RLS at higher altitude have 
been presented elsewhere21; the current study focuses on sub-
jective quality of sleep. In this cross-sectional study, subjects 
were recruited via a random stratified sampling method. Popu-
lations from three different altitudes—400 m above sea level 
(masl), 1,900–2,100 masl and 3,200 masl—were included in 
this study.

The population sample was obtained from villages situated 
at three altitudes in the state of Uttarakhand located in the foot-
hills of Himalaya. All the villages were grouped in geographi-
cal blocks—Doiwala (district Dehradun; 400 masl), Chakrata 
(district Dehradun; 1,900–2,100 masl) and Joshimath (district 
Chamoli; 3,200 masl). These places share common culture and 
speak Hindi language. From each block, four to five villages 
were chosen randomly; however, for the Joshimath block, only 
one village could be found. From these villages, houses were 
chosen in a stratified manner. Two nonmedical field workers 
were trained by one of the authors (RG) for the data collection. 
They were blinded to the hypothesis to reduce bias. They col-
lected data through a door-to-door survey using the face-to-
face interview method.

Sample
All the members from the chosen household (age 18 to 84 years) 
were included in the study. This was especially important for 
the mid and high altitudes because of the small population of 
each village. The same process was repeated at low altitude to 
maintain consistency. Subjects provided informed consent for 

the study that included consent to review their medical records 
as provided by them. However, subjects suffering from de-
mentia, stroke, Parkinson disease, chronic kidney disease, and 
those taking psychotropic medication (which was documented 
in their medical records) were excluded from the study.

Procedure
Demographic data, sleep patterns (time to bed and time to wake 
up), and smoking status (nonsmoker, ex-smoker, and smoker) 
were obtained through open-ended questions during the inter-
view. In addition, comorbid medical disorders (eg, chronic ob-
structive pulmonary disease [COPD], systemic hypertension, 
congestive heart failure, peripheral neuropathy, varicose veins, 
anemia) were ascertained by their most recent medical records 
(from past 3 months). Female subjects of childbearing age were 
asked about pregnancy history. To assess the consistency of 
their sleep-wake schedule (fixed sleep schedule) the following 
question was asked: “Does your time to bed and wake time re-
main almost same on at least 5 nights a week?” A difference of 
up to 30 minutes in time to bed and wake time was considered 
insignificant. To assess the duration of stay subjects were asked 
“How long have you been staying at this place?” and responses 
were recorded in years.

Physical Characteristics
Height and weight were measured using a standard stadiometer 
and an electronic weighing machine. A record of percutaneous 
O2 saturation was obtained from an index finger with the Ni-
dek finger pulse oximeter 6500 (Nidek Medical India, Kolkata, 
India) while the subjects were at rest.

Assessment of RLS and Sleep Quality
Subjects with RLS were identified using the Hindi version of 
the well-validated Cambridge Hopkins RLS diagnostic ques-
tionnaire (CH-RLSq).22,23 This Hindi version has been found 
to have specificity of 72.2% with 87.6% sensitivity and positive 
predictive value of 83.3% in a Hindi-speaking population in 
India.22

Sleep quality was assessed using the Pittsburgh Sleep Qual-
ity Index (PSQI) that has been validated in an Indian popula-
tion.24,25 The validated Hindi version used was obtained from 
the MAPI research trust. PSQI assesses sleep quality during 
the past month and has 7 subscales—subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbances, use of sleep medications, and daytime dysfunc-
tion. An overall score is calculated and a score of zero to 4 
suggests good sleep quality.24

Items from both the questionnaires were verbally presented 
in a face-to-face meeting and responses were recorded. This 
was done based on varying literacy status of the subjects in-
cluded in this study.

Assessment of Physical Activity
Physical ability at leisure time was measured using the Hindi 
version of the Godin leisure-time exercise questionnaire.26 It 
assesses frequency of heavy, moderate, and light exercise dur-
ing the past week along with the frequency of activities that 
were enough to induce sweating during the past week. Global 
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score was calculated by multiplying the frequency of heavy, 
moderate, and light activity by 9, 5, and 3, respectively.

Statistical Analysis
Statistical analysis was done using SPSS Statistics for Win-
dows Version 21.0 (IBM Corp., Armonk, New York, United 
States). Proportions were compared using chi-square analysis. 
Statistical significance of differences in means between two 
groups was analyzed using independent-sample t test. One-
way analysis of variance with Tukey post hoc analysis was used 
to evaluate normally distributed continuous variables among 
three altitudes. Subjects included in the mid and high altitudes 
shared many of the characteristics and the sample size at high-
est altitude was very small; hence, the mid- and high-altitude 
categories were combined to form a group “high altitude” as 
reported in the prior study.21 A binary logistic regression was 
run using the variables that were found significant in univari-
ate analyses comparing good and poor quality of sleep. Model 
1 included subjects having RLS, whereas a second model was 
run after excluding cases having RLS.

RESULTS

For this study, 1,792 eligible subjects were approached. Of 
these, 103 (21 at low altitude, 65 at mid-altitude and 17 at high 
altitude)  were excluded for various reasons (eg, not willing to 
participate in the study, taking neuropsychotropic medications, 
providing inadequate information, and having neurodegenera-
tive or cerebrovascular disorders). There was no difference in 
the proportion of these exclusion factors at different altitudes. 
Response rate was 95.7%, 94.05%, and 91.4% at low, mid, and 
high altitudes, respectively. Thus, a total of 1,689 subjects were 

included in this study (55.2% female, average age 35.2 years, 
standard deviation = 10.9, range 18 to 84 years). In this sample, 
overall 18.4% of subjects reported poor quality of sleep, which 
reduced to 17.1% after excluding subjects with RLS. Propor-
tion of first-degree relatives of the index subjects included in 
the study was higher at high altitude than low altitude (17.9% 
versus 11.7%; P = .001). Prevalence of COPD, hypertension, 
anemia, varicose veins, and snoring was higher at mid and high 
altitudes.21 Other details of the study sample have been pro-
vided in Table 1. Although the difference in body mass index 
among three altitudes was statistically significant, it was clini-
cally insignificant (Table 1). There was no difference in the 
waking oxygen saturation (%) among three altitudes (low alti-
tude 95.8 ± 9.7; mid altitude 95.4 ± 8.7; high altitude 94.6 ± 2.6; 
P = .31). Mid- and high-altitude groups were similar regarding 
most of the factors including quality of sleep and timing of 
sleep (Table 1); hence, these categories were combined.

Analysis after combining mid- and high-altitude categories 
showed that altitude was also an important factor for poor qual-
ity of sleep. Poor quality of sleep was reported more commonly 
at high altitude as compared to low altitude, when all subjects 
(including those having RLS) were included (OR = 2.65; 95% 
CI = 1.9–3.7; P < .001). These odds did not change much, even 
after removing cases in whom RLS was diagnosed (OR = 2.46; 
95% CI = 1.7–3.4; P < .001) and further, even after removing 
those with COPD and RLS (OR = 2.27; 95% CI = 1.5–3.2; 
P < .001) (Table 1). Thus, the sleep quality worsened indepen-
dent of RLS at higher altitude.

Poor quality of sleep was also more frequently reported 
among patients with RLS (29.7% versus 17.1% without RLS; 
P < .001). Male sex (20.5% versus 16.7% females; P = .04), 
smokers (25.9% versus 17.4% among nonsmokers; P = .003), 
subjects with COPD (33.3% versus 16.8% among no-COPD; 

Table 1—Characteristics of the study sample at different altitudes.

Variable
Low Altitude
(400 masl)

Mid Altitude
(1,900–2,100 

masl)
High Altitude
(3,200 masl)

P

All Altitudes
Mid Versus 

High Altitude
Low Versus Mid 
+ High Altitude

Sample size, n 478 1,029 181 – – –
Age, years, mean ± SD 35.9 ± 10.1 34.8 ± 11.5 35.5 ± 9.2 .14 ^ .34 $ .06 $
Female sex, n (%) 346 (72.2) 503 (48.9) 84 (46.4)  < .001 ** .53 **  < .001 **
Duration of stay, years, mean ± SD 19.8 ± 12.7 26.5 ± 14.2 28.1 ± 12.4  < .001 ^ .13 $  < .001 $
Snoring, n (%) 8 (1.7) 168 (16.3) 54 (29.8)  < .001 **  < .001 **  < .001 **
BMI, kg/m2, mean ± SD 23.9 ± 3.05 22.9 ± 4.03 24.1 ± 3.5  < .001 ^  < .001 $  < .001 $

RLS reported, n (%) 12 (2.5) 125 (12.2) 21 (11.8)  < .001 ** .89 **  < .001 **
Fixed sleep schedule, n (%) 17 (3.3) 452 (43.9) 125 (69.1)  < .001 **  < .001 **  < .001 **
Bedtime between 9:00–10:00 pm, n (%) 395 (82.6) 799 (77.6) 149 (82.3) .05 ** .15 ** .04 **
Wake time between 5:00–6:00 am, n (%) 472 (98.7) 972 (84.7) 147 (86.7)  < .001 ** .50 **  < .001 **
Poor sleepers, n (%) @ 45 (9.4) 220 (21.4) 46 (25.4)  < .001 ** .22 **  < .001 **
Poor sleepers, n (%) * 44/465 (9.5) 181/903 (20) 36/157 (22.9)  < .001 ** .40 **  < .001 **
Poor sleepers, n (%) # 42/450 (9.3) 146/798 (19.3) 34/147 (22.4)  < .001 ** .23 **  < .001 **
Exercise score, mean ± SD 40.8 ± 11.2 36.8 ± 19.5 52.1 ± 26.1  < .001 ^  < .001 $ .04 $

@ = all subjects included. * = after excluding cases with RLS. # = after excluding RLS and COPD Cases. ^ = one-way analysis of variance. $ = independent 
sample t test. ** = chi-square test. BMI = body mass index, COPD = chronic obstructive pulmonary disease, masl = meters above sea level, RLS = restless 
legs syndrome, SD = standard deviation.
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P < .001), and varicose veins (25.1% versus 17.5% without it; 
P = .007) were factors reportedly associated with a higher 
prevalence of poor quality of sleep. However, peripheral neu-
ropathy, anemia, and snoring were unrelated to the quality of 
sleep. Factors associated with good and poor quality of sleep 
are described in Table 2.

Binary logistic regression was used to find relative contri-
bution of factors that were found to have significant effect on 
quality of sleep in univariate analysis. Two models were devel-
oped, one that included subjects with RLS cases and second, 
after excluding them. The model without RLS was overall sig-
nificant (χ2 = 47.54; P < .001) and it classified 82.9% cases cor-
rectly (Nagelkerke R Square = 0.05). This model showed that 
COPD and high altitude significantly increased the odds for 
poor quality of sleep (Table 3). The second model that included 
subjects with RLS was also significant overall (χ2 = 68.07; 
P < .001) and it classified 81.6% cases correctly (Nagelkerke R 
Square = 0.06). This model indicated that COPD (OR = 1.97; 
95% CI = 1.36–2.86; P < .001), high altitude (OR = 2.22; 96% 
CI = 1.55–3.18; P < .001), and RLS (OR = 1.66; 95% CI = 1.12–
2.46; P = .01) increased the odds for poor quality of sleep.

DISCUSSION

This study indicated that sleep quality is poor in the native 
population residing at high altitudes (1,900–3,200 masl) 

compared to those living at low altitude (400 masl). Logistic 
regression showed that COPD and RLS increased the odds for 
poor sleep quality; however, their exclusion did not change the 
results. To the best of our knowledge, this is the first study 
that has assessed sleep quality in native highlanders in a fairly 
large sample.

Can periodic breathing explain the higher prevalence of 
poor quality of sleep in the current study? Frequent arousals 
were observed at high altitude in lowlanders after rapid escala-
tion to 3,200 masl, and a previous study reported wide vari-
ation in the proportion of time spent in periodic breathing.6 
Interestingly, adaptation to high altitude is fast and it has been 
reported that lowlanders, after rapid escalation to the high al-
titude (3,200–3,600 masl), adapt to high altitude in a period 
as short as 6 days, producing higher mean oxygen saturation 
during sleep (compared to day 1).6,10 This suggests an improve-
ment in ventilatory mechanisms along with improved objective 
quality of sleep by the end of 1 week (compared to day 1) with-
out any change in sleep duration.6,10 In addition, not all subjects 
experienced periodic breathing unless they had a rapid ascent 
to 4,000 masl; in only one-fourth did periodic breathing de-
velop after rapid ascent to 2,500 masl.27 Thus, these studies 
suggest that periodic breathing does not develop in all subjects, 
and there is interindividual variation in the proportion of time 
spent in periodic breathing due to the ventilatory mechanism 
that rapidly adapts to high altitude, even in lowlanders made 
to ascend to high altitude. Though we could not find any data 

Table 2—Factors associated with sleep quality of the subjects after excluding RLS cases.
Good Sleep (n = 1264) Poor Sleep (n = 261) P

Female sex, n (%) 687 (54.4) 117 (44.8) .005
Age, years, mean ± SD 34.7 ± 10.7 35.9 ± 11.7 .11
Smoker, n (%) 141 (11.2) 48 (18.4) .001
COPD, n (%) 90 (7.1) 40 (15.3)  < .001
SpO2, mean ± SD 95.5 ± 8.2 94.5 ± 12.2 .21
Peripheral neuropathy, n (%) 165 (13.1) 35 (35.4) .87
Varicose veins, n (%) 126 (10) 39 (14.9) .01
Anemia, n (%) 100 (7.9) 21 (8) .94
Snoring, n (%) 154 (12.2) 41 (15.7) .12
Exercise score, mean ± SD 39.5 ± 18.5 40.1 ± 20.3 .6

COPD = chronic obstructive pulmonary disease, RLS = restless legs syndrome, SD = standard deviation.

Table 3—Binary logistic regression model for factors leading to poor sleep quality (excluding RLS cases).

Variables B SE Wald df Sig. OR
95% CI for OR

Lower Upper
Sex 0.20 0.14 1.92 1 .16 0.81 0.61 1.08
Smoker -0.26 0.19 1.80 1 .17 1.30 0.88 1.92
COPD -0.66 0.21 9.75 1 .002 1.94 1.28 2.95
Varicose veins -0.22 0.20 1.16 1 .28 1.24 0.83 1.85
High altitude -0.73 0.18 15.67 1  < .001 2.07 1.44 2.98
Constant 2.16 0.19 130.30 1  < .001 1.63

CI = confidence interval, COPD = chronic obstructive pulmonary disease, df = degrees of freedom, OR = odds ratio, RLS = restless legs syndrome, 
SE = standard error, Sig. = signficance.
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that depicted the periodic breathing at this altitude among the 
native adult population, 1 study among native Andean infants 
showed absence of periodic breathing at the altitude of 3,650 
masl, which was attributed to genetic changes accrued over 
generations.11 Periodic breathing occurs in response to inad-
equate environmental oxygen. In the current study we did not 
find any difference in oxygen saturation during the waking 
state. This is a replication of a previous study that reported 
that oxygen saturation does not drop below 90% in a normal 
population unless the person goes beyond 3,500 masl.28 Com-
bining the facts that the population in the current study was 
native to high altitude and had comparable oxygen saturation 
during wakefulness, it is unlikely that periodic breathing is the 
reason for the greater prevalence of poor quality of sleep at 
higher altitude. We found that prevalence of snoring increased 
linearly with altitude even when body mass index was within 
normal limits, but we did not screen for obstructive sleep apnea 
(OSA). However, available literature suggests that it is central 
sleep apnea, not OSA, that increases with altitude, and snoring 
is much more prevalent than OSA.27,28 Hence, increasing preva-
lence of snoring at higher altitude cannot be extrapolated to 
OSA and poor sleep quality. However, before reaching a con-
clusion, both issues (ie, periodic breathing and OSA in these 
populations) require further exploration.

Two other factors that were found to worsen quality of sleep 
in this study were RLS and COPD. Previous studies have re-
ported that RLS disrupts the initiation and maintenance of 
sleep, and that sleep improves with the treatment of RLS.29–31 
Similarly, sleep quality has been found to be poor among pa-
tients with COPD and was reported to be related to the fre-
quent arousals from sleep due to hypoxemia or to direct effects 
of illness (eg, coughing).32,33 In addition, patients with COPD 
are at a higher risk for developing RLS, and both conditions 
together can worsen sleep quality.34,35 Thus, the current study 
confirms earlier findings. However, in the current study, qual-
ity of sleep was poor at high altitude even after removing cases 
of RLS and COPD (Table 1), suggesting a clear altitude effect, 
which needs further exploration.

Though nearly one-fifth of the population at high altitude had 
poor quality of sleep, it must not be ignored that the rest of the 
population (almost 80%) had normal sleep at high altitude. This 
is an important finding and requires some discussion. Literature 
suggests that despite respiratory acclimatization that occurs af-
ter a short period of exposure to high altitude, quality of sleep of 
lowlanders who continue to live at high altitudes remains poorer 
than that of native highlanders.10,13,36 Perhaps native highlanders 
develop physiological changes to counter the effects of high al-
titude. Children of Tibetans, even those who are born and lived 
throughout childhood at low altitude, had normal sleep when 
they moved to high altitude during their adulthood for the first 
time.7 This fact cannot be explained by anything other than ge-
netic/epigenetic factors. It may be possible that with continuous 
exposure to high altitude for generations, native highlanders 
(Tibetans) had developed some yet-to-be-discovered genetic 
changes that did not allow their sleep to be disrupted at high 
altitude even after prolonged stay at lowland. Another possi-
bility is that there was gene-environment interaction (epigen-
etic changes) to produce permanent phenotypic changes. For 

example, it has been reported that Tibetans, native highlanders, 
have higher oxygen saturation both at rest and during work; they 
depict changes in the pulmonary physiology (eg, larger lung 
volume, greater diffusion capacity, higher hypoxic and hyper-
capnic responsiveness with lesser nocturnal desaturations and 
better quality of sleep).7 However, the process of acclimatization 
to high altitude may be population-specific because those living 
at comparable altitude in Andes have shown different physi-
ological changes. For example, native highlanders at Andes ad-
just to high altitude with increased erythrocytosis, increased 
diffusion capacity, and total lung capacity.37 These results sug-
gest that different populations adapt to high altitude differently. 
Children residing at high altitude in the Andes showed recur-
rent desaturations during sleep and poor sleep similar to that of 
lowlanders.11 This was suggested that because of the marriages 
between native Amerindians and Europeans, the genetic pool 
was diluted and therefore had taken away the adaptation effect 
among Amerindians.11 Together, these data are in accordance 
with the theory of evolution. It suggests that the human race has 
adapted to high altitude over a period of time, and this evolution 
has been genetic as well as phenotypic. Results of the current 
study may be considered in light of aforementioned facts. The 
population of the Uttarakhand state where the current study 
was carried out, irrespective of the altitude, is composed of lo-
cal inhabitants who have lived there for thousands of years (ap-
parently local inhabitants are not Tibetans) and those who have 
migrated there a few centuries back. Moreover, in this popula-
tion, marriages among people with different gene pools (mi-
grants and natives) are not uncommon. Because of this reason, 
genetic variation has been reported in the population living in 
this state both at the low as well as high altitude.38,39 This could 
be one reason for the higher prevalence of poor quality of sleep 
reported at high altitude in the current study, a finding seen in 
the Andean population, as mentioned earlier. This hypothesis, 
however, needs to be tested through future studies.

Like any other scientific investigation, the current study also 
had a few methodological limitations. First, other factors that 
might have influenced the quality of sleep (eg, anxiety, depres-
sion) were not taken into consideration. Second, females were 
overrepresented in this sample, in whom insomnia is already 
more prevalent. Third, more than one person was included from 
one house, thus increasing the possibility of genetic effect on 
quality of sleep. Fourth, diagnoses of medical disorders were 
based on medical records rather than objective examination at 
the time of study. Last, because of the study design, we could 
not rule out sleep-related breathing disorders through objective 
methods, if any, as a cause for poor quality of sleep. However, 
large sample size, randomization of subjects, subjective mea-
sure of quality of sleep, inclusion of population at high altitude 
that were long-term residents, and use of validated measured to 
assess conditions in question were the strengths of this study.

In conclusion, this study showed that quality of sleep was 
poor in the inhabitants of altitudes as low as 2,000 masl even 
after staying there for years as compared to the population 
staying at 400 masl. Sleep-related breathing disorders and/or 
genetic susceptibility leading to poor acclimatization might 
have played a role in the findings; however, this needs to be 
examined in future studies.
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ABBRE VI ATIONS

BMI, body mass index
COPD, chronic obstructive pulmonary disease
masl, meters above sea level
OR, odds ratio
OSA, obstructive sleep apnea
PSQI, Pittsburgh Sleep Quality Index
RLS, restless legs syndrome
SARAHA, Sleep and RLS at High Altitude
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