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Purpose: The Athens Insomnia Scale (AIS) is a widely used and authorized questionnaire for evaluating insomnia symptoms.
However, its reliability and validity at high altitudes are uncertain. Therefore, this study aimed to confirm the validity and reliability of
AIS during a 3658 m altitude exposure.

Patients and Methods: A total of 387 young Chinese males were enlisted in the acute high-altitude exposure group. They flew for
about two hours, climbing from 400 m to 3658 m. The high-altitude-acclimated group consisted of 86 young Chinese men who had
lived at least six months at 3658 m altitude. The sleep quality of the acute high-altitude exposure group was evaluated using the AIS
before the ascent and after exposure to 3658 m for 24 hours, and one week. The sleep quality of the high-altitude-acclimated group
was also assessed. The AIS’s internal consistency, reliability, and validity were evaluated.

Results: The respondents’ quality of sleep significantly decreased after being exposed to 3658 m as opposed to 400 m. Two factors
comprised the AIS, according to an exploratory factor analysis: “sleep problem” (items 1-5) and “daytime dysfunction” (items 6-8).
The Cronbach’s a internal consistency coefficients exceeded 0.8, and the corrected item-total correlations were all greater than 0.5
when the subjects were exposed to 3658 m. The model fit index was well within the criterion. The average variance extracted and
composite reliability were all higher than 0.5 and 0.7, respectively. The interclass correlation coefficient was deemed “fair to good” at
0.482, which is greater than the 0.4 threshold. The AIS has satisfactory discriminant validity, as shown by the Fornell-Larcker criterion
and cross-loading results. The daytime dysfunction R-square values (>0.33) show that the frameworks have considerable predictive
accuracy.

Conclusion: The AIS exhibits strong consistency, reliability, and validity. The AIS’s features and simplicity make it an essential
psychometric tool for high-altitude sleep research.
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Introduction

Ascending to altitudes above 2500 m can lead to acute mountain sickness (AMS), which is a common condition
characterized by headaches, dizziness, gastrointestinal symptoms (eg, anorexia, nausea, or vomiting), weakness or
fatigue, and sleep disturbance.! Sleep disturbance is one of the most commonly reported symptoms of acclimatization
to hypobaric hypoxia, and it is evaluated using the Lake Louise AMS scoring system. For the sleep quality item, subjects
report whether they slept as well as usual (0 points), did not sleep as well as usual (1 point), woke up many times/had
a poor night’s sleep (2 points), or could not sleep at all (3 points)." Restful sleep is essential to perform work optimally
the next day. However, sleep disturbance can worsen headaches and anxiety and cause daytime dysfunction after
exposure to high altitudes.? In addition to causing general discomfort, aggravating anxiety, despair, and other negative
feelings, poor sleep quality can also accelerate the onset of AMS and impair cognitive function during the day.’ Low
oxygen and low pressure-related sleep disturbances have become prevalent for those living at high altitudes, with
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detrimental effects on both physical and mental well-being.*> Research on sleep at high altitudes carries significant
implications for enhancing the quality of life and sleep health of those who visit or live in high-altitude areas.’
Polysomnography is an effective method for diagnosing sleep disorders. Still, it is expensive and time-consuming,
which limits its use in high-altitude environments.” Several insomnia-related, self-rating scales are currently available for
evaluating subjective sea-level sleep quality. The Pittsburgh Sleep Quality Index (PSQI),*'* Insomnia Severity Index
(ISI),""-'? and Athens Insomnia Scale (AIS)"*'> are commonly used and authorized insomnia symptom questionnaires.
The AIS is considered a handy tool in clinical and research settings for clarifying the state of insomnia. It is more
effective than the PSQI and the ISI in evaluating changes in sleep.'® The AIS has been translated into several languages,
including English,17 French,'® Greek,'® Arabic,?” Japanese,21 and Spanish,22 and it is utilized by a variety of populations
across the world. Additionally, the Chinese version of the AIS has been validated among both cancer patients® and
Chinese athletes.”* Several studies have used AIS to evaluate changes in sleep in subjects following high-altitude
exposure,””>® but more research is needed to determine the reliability and validity of the AIS for evaluating changes in
sleep in subjects following high-altitude exposure.

Therefore, the current study aimed to validate the reliability and validity of the AIS for the assessment of altitude-
related sleep disturbances in subjects following rapid exposure to 3658 m. Here we tested the hypothesis that the AIS is
accurate enough to estimate sleep disturbances in a high-altitude setting.

Materials and Methods

Study Design

This research was conducted in May 2023, at two different altitudes in Southwest China: 400 m and 3658 m. The
participants underwent baseline tests one week before starting their journey while they were at the 400 m altitude.
A flight of almost two hours was needed to ascend from 400 m to 3658 m. After spending 24 hours and one week at the
high-altitude location, high-altitude measurements were taken. In addition, another group of participants who had spent
more than 6 months at 3658 m as a control group underwent the same test. All participants followed the same daily
routine and avoided strenuous exercise during the journey. They also ate the same foods and stayed in the same barracks.
The flowchart of the present study is presented in Figure 1.

Subjects

We selected male lowlanders from locations below 500 meters who had not been exposed to high altitudes in the past six
months, had no cardiovascular or respiratory problems, and did not use any prescription or non-prescription drugs. For
the high-altitude acclimated group, volunteers had to meet the above-mentioned criteria, in addition to having stayed at
high altitudes for at least six months. We excluded participants who had respiratory disease, cardiovascular or
cerebrovascular disease, kidney or liver disease, or malignant tumors. All participants provided written consent and
could withdraw from the study at any time. The study was conducted according to the Declaration of Helsinki and
approved by the Ethics Committee of the General Hospital of Western Theater Command of the People’s Liberation
Army (Approval identifier: 2022EC3-ky062).

We recruited a total of 419 young Chinese men, aged 18 to 37, at 400 m. At 3658 m, we recruited a total of 86 young
Chinese men, aged 18 to 38, as part of the high-altitude-acclimated group. All participants were males, and a regular
training component was in high altitudes. All participants were in good physical condition, as evidenced by chest X-ray,
echocardiogram, and electrocardiogram tests.

Screening of the Study Subjects

The study conducted clinical investigations, such as resting heart rate (HR), blood pressure (BP), pulse oximeter
saturation (SpO,), chest X-ray, echocardiography, and electrocardiogram, for one week before the trip. The purpose of
these investigations was to eliminate patients with pulmonary and cardiovascular disorders from the study. Additionally,
a questionnaire was used to gather demographic parameters, including age, weight, body mass index (BMI), and current
drinking and smoking habits of the participating individuals.
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Figure | Flowchart.

Measurements of Physiological Parameters

After completing the questionnaires, we measured the participants’ resting HR (using OMRON HEM-6200; Omron
Health Care, Inc., Bannockburn, IL, USA) and SpO, (using Onyx 9500; Nonin Medical, Inc., Plymouth, MN, USA) three
times consecutively, with approximately half-minute intervals between each measurement. We then calculated the mean
of the three measurements and used it for our analysis.

Assessment of Sleep Quality Using the AIS

In this study, the AIS was used to assess the subjects’ sleep quality before and after exposure to high altitudes. The AIS
consists of eight items that are rated on a 4-point scale ranging from 0 (no problem) to 3 (severe problem).'” The scale is
designed to measure the subjective sleep quality of the participants over the past month. A higher score on the AIS indicates
poorer sleep quality and a total score of 6 or more is considered insomnia. Studies have shown that using a score of 6 or more
on the AIS as a threshold for insomnia diagnosis has a sensitivity of 92% and specificity of 66% at sea level.?” The reliability
of the AIS was found to be very satisfactory at sea level, with Cronbach’s alpha of 0.89."” To measure test-retest reliability,
the subjects were assessed using the AIS three times a week apart, before and after being exposed to high altitudes.

Statistical Analysis
The data are presented as mean + SD or n (%), as appropriate, and were analyzed using IBM SPSS22.0. The study used
a significance level of p<0.05 for two-sided tests. The distribution of quantitative variables was tested for normality using
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the Kolmogorov—Smirnov test. Mean values were compared using a t-test, while the Pearson chi-squared test was used
for comparing categorical variables.

The data analysis included exploratory factor analysis (EFA), confirmatory factor analysis (CFA), reliability analysis, and
structural equation modeling (SEM). The AIS’s reliability and EFA were assessed using SPSS22.0, while CFA and SEM were
performed using Mplus 8.3 and SmartPLS 4.1. The indirect impact test in SEM was conducted 5000 times using bootstrapping.

In the EFA study, the factors were extracted using principal component analysis and the maximum variance rotation
approach, with components having eigenvalues greater than 1.0. If the explained variance of the first factor before
rotation is <50%, it indicates no significant common method bias.?®
We followed the guidelines provided by Hair et al'” for CFA and SEM analysis. To evaluate the model fit, we employed
indices such as y*/df <5, Root Mean Square Error of Approximation (RMSEA) <0.10, Standardized Root Mean Square
Residual (SRMR) <0.05, Comparative Fit Index (CFI) >0.90, and the Tucker-Lewis Index (TLI) >0.90. To ensure the AIS’s
convergent validity, Average Variance Extracted (AVE) (>0.5) and Construct Reliability (CR) (>0.7) were calculated using
factor loadings. To determine the AIS’s discriminant validity, the Fornell-Larcker criterion and cross-loadings were used.

We used Cronbach’s o and corrected item-total correlations (CITC) in the AIS’s reliability analysis to determine the
internal consistency coefficients, which had to be greater than 0.7°° and 0.4,%° respectively. For the evaluation of the test-
retest reliability of the AIS, we computed the interclass correlation coefficient (ICC) by comparing the item scores of the
data from the AIS, which had to be greater than 0.4.%'

Results

Clinical Characteristics

At 400 m, we signed up 419 young Chinese males as the acute high-altitude exposure group. However, incomplete data
prevented 32 patients from participating in the data analysis. At 3658 m, we recruited a total of 86 young Chinese men as part of
the high-altitude-acclimated group. Table 1 displays the clinical features of the sample. The BMI, drinking, and smoking patterns
of the acute high-altitude exposure group and the high-altitude-acclimated group did not differ significantly, except in age.

HR and SpO,

In this study, we used participants’ heart rate and oxygen saturation to observe the trend of altitude adaptation, as these
indicators were used to measure altitude acclimation.®* Table 2 shows that HR in the acute high-altitude exposure group
increased considerably after exposure to 3658 m (p<0.01). The opposite pattern was observed for SpO,. The HR of the
high-altitude-acclimated group was 79.8 + 12.1 beats/min, substantially lower than that of the acute high-altitude
exposure group (p<0.001). The high-altitude-acclimated group had a considerably higher SpO, (91.2 + 2.3%) than the
acute high-altitude exposure group (p<0.05).

AIS Score

The acute high-altitude exposure group’s AIS scores significantly increased after exposure to 3658 m (p<0.01) (Table 2).
After staying for 7 days at 3658 m, the AIS scores in the acute high-altitude exposure group decreased significantly as
compared to the values obtained at 3658 m 24 h (p<0.01). The high-altitude-acclimated group had significantly higher
AIS scores (5.9 + 4.6) than the acute high-altitude exposure group remaining for 7 days at 3658 m (p<0.01) and insomnia

Table | Characteristics of the Sample

Variables The Acute High-Altitude The High-Altitude-Acclimated p-value
Exposure Group (n = 387) Group (n = 86)

Age, yrs 226+ 34 250 + 5.1 0.000
BMI, kg/m2 217 £ 2.1 22+23 0.073
Smoking, yes | 175 (45%) 33 (38%) 0.247
Drinking, yes | 32 (8.3%) 10 (11.6%) 0322

Notes: Mean + SD or n (%).
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Table 2 Changes in HR, SpO,, and AIS Scores of the
Acute High-Altitude Exposure Group After High-Altitude
Exposure

Variables 400 m 3658 m 24 h | 3658 m7d

HR, beats/min | 66.8 £ 9.4 | 82.3 + 9.6* 84.2 £ 8.1*
SpO,, % 98.0 £ 0.9 | 89.3 + 3.1* 90.3 £ 2.7+
AlS scores 29+28 5.1 +3.9* 4. +39%

Notes: Data are shown as the mean + SD. Compared to the values
obtained at 400 m using repeated measures ANOVA with Bonferroni
post hoc testing: *p<0.0l. Compared to the values obtained at
3658 m 24 h using repeated measures ANOVA with Bonferroni post hoc
testing: ¥p<0.01.

Abbreviations: AIS, Athens Insomnia Scale; HR, heart rate; SpO,, pulse
oximeter saturation.

prevalence (38/86 vs 121/387, p<0.05). Changes in each item of the AIS of the acute high-altitude exposure group after
high-altitude exposure are presented in Table S1.

Measurement Model

The results of the EFA study indicate that the AIS is a valid instrument. The Kaiser-Meyer-Olkin measure value was 0.845
(p<0.001) for 400 m, 0.900 (p<0.001) for 3658 m 24 h, and 0.892 (p<0.001) for 3658 m 7 days, respectively. All values were
greater than 0.7, which indicates that the instrument was suitable for factor analysis. Based on the eigenvalue criteria, the study
identified two primary factors: Factor 1 (f1) =3.339, which related to sleep issues (items 1-5), and Factor 2 (f2) = 1.022, which
dealt with dysfunction throughout the day (items 6-8). The first factor explained 41.737% of the variance before rotation,
suggesting no significant common method bias. The two factors combined explained 54.513% of the variance.

A study was conducted to evaluate the structural validity of the AIS using CFA. Table 3 shows the model fit index.
The results indicated that the fit for the AIS items was acceptable. All standardized factor loadings were within a good
range of 0.576—0.880 when the subjects were exposed to 3658 m (Figure 2), confirming the indicators’ reliability.

The values of AVE of f1 and f2 were both higher than 0.5 when the subjects were exposed to 3658 m, confirming the
convergent validity of the constructs. The CRs were all higher than 0.7 when the subjects were exposed to 3658 m, which
approves the reliability of the constructs (Table 3).

Table 3 The AIS’s Reliability and Validity Indices

Variables The Acute High-Altitude Exposure Group The High-Altitude-
Acclimated Group
400 m 3658 m24 h 3658 m7d
x*df (<5) 53.546/19 30.405/19 57.282/19 20.559/13
RMSEA (<0.10) 0.069 0.039 0.072 0.082
CFl (>0.9) 0.952 0.990 0.971 0.976
TLI (>0.9) 0.929 0.985 0.957 0.948
SRMR (<0.05) 0.042 0.024 0.031 0.033
AVE (>0.5)
fl 0.494 0.605 0.637 0.623
2 0.595 0.628 0.648 0.673
CR (>0.7)
fl 0.765 0.850 0.870 0.856
2 0.658 0.711 0.729 0.768
Cronbach’s a (>0.7) | 0.796 0.860 0.874 0.882

Abbreviations: AlS, Athens Insomnia Scale; AVE, Average Variance Extracted; CFl, Comparative Fit Index; CR,
Construct Reliability; RMSEA, Root Mean Square Error of Approximation; SRMR, Standardized Root Mean Square
Residual. f1, factor 1, sleep problem, including the AlS’s items 1-5; f2, factor 2, daytime dysfunction, including the AlS’s
items 6-8; x*/df, the ratio of the chi-square statistic to the respective degrees of freedom.
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Figure 2 Construct reliability and validity of the AIS. (A) 400 m altitude. (B) 3658 m 24 hours. (C) 3658 m 7-day. (D) 3658 m 6-month.

The EFA study’s internal consistency coefficient test revealed the reliability of the AIS. Table 3 shows that all
Cronbach’s o values for the AIS exceeded 0.7. The CITC were all greater than 0.5 when the subjects were exposed to
3658 m, demonstrating good internal consistency.

For the AIS total scores, the ICC value was 0.261 (subjects remaining at 400 m vs 3658 m for 24h, p<0.001) and
0.482 (subjects staying at 3658 m for 24 h vs 3658 m for 7 days, p<0.001), respectively. When the subjects were exposed
to 3658 m, the ICC value (0.482, >0.4) was deemed “fair to good”,?" indicating acceptable test-retest reliability. Table S2
displays the ICCs for each item.

Convergent and Discriminant Validity
We used two methods, namely the Fornell-Larcker criterion, and cross-loadings, to evaluate the discriminant validity of
the AIS. The Fornell-Larcker criterion states that the square root of AVE should be greater than the correlation to every
other latent variable for each latent variable.”” On the other hand, cross-loadings require that each indicator’s loading
should be greater than all its cross-loadings. The results of our analysis are presented in Table S3—10. Based on our
findings, we conclude that the AIS has satisfactory convergent and discriminant validity and reliability.

The present study aimed to measure the variance inflation factor (VIF) values to identify any collinearity issues in the
Framework. As per previous research,” if the VIF value is <5, then the results are considered to be free of collinearity
issues. The inner VIF values for all constructs ranged from 1.161 to 2.966. The results indicate that there are no

collinearity issues with the data and that the survey findings are reliable and stable.

Predictive Accuracy
In this study, a bootstrapping technique was utilized to evaluate a hypothesis using 5000 samples.** The structural model
was assessed using the R-square, which is a measure of how well the model fits the data.>> According to Hair et al’s
proposal, an R-square value above 0.33 is considered moderate. As shown in Table S11, the R-square values for daytime
dysfunction (3658 m 24-hour), daytime dysfunction (3658 m 7-day), and daytime dysfunction (3658 m 6-month) were
41.3%, 42.2%, and 49.5%, respectively. These results indicate that the frameworks have moderate predictive accuracy.
The study found that sleep has a positive influence on daytime function when individuals are exposed to high
altitudes, as hypothesized. The positive impact of sleep on daytime function was observed in subjects exposed to
3658 m (Table 4). These findings support the hypothesis.
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Table 4 Hypothesis Testing

Hypothesis Path Coefficient T p-value Findings
Sleep problem— Daytime dysfunction 400 m 0.559 9.950 0.000 Supported
Sleep problem— Daytime dysfunction 3658 m 24 h 0.643 19.929 0.000 Supported
Sleep problem— Daytime dysfunction 3658 m 7-day 0.650 17.307 0.000 Supported
Sleep problem— Daytime dysfunction 3658 m 6-month 0.703 9.755 0.000 Supported

Notes: T, T-statistic produced by the SmartPLS software.

Discussion
To the best of our knowledge, this is the first study to examine the consistency, reliability, and validity of the AIS in
a high-altitude situation. In this study, we validate the AIS using a large sample of young Chinese males. Our study found
that participants exposed to 3658 m had Cronbach’s o values greater than 0.8 for AIS and 0.5 for CITC, respectively. The
ICC results for AIS total scores indicated that the AIS had acceptable test-retest reliability. The Kaiser-Meyer-Olkin
measure values were all greater than 0.8. The structural validity of the AIS was satisfactory (Table 3 and Table S3-10).
The administration and evaluation of AIS in a high-altitude situation revealed that this scale is very dependable, practical,
and simple to use. Furthermore, the AIS’s consistency, reliability, and validity were proven to be excellent in high-
altitude conditions.

In the present study, we observed an increase in HR and a decrease in SpO, when the subjects were rapidly exposed

>3 and the progress of acclimatization at high altitudes.*?

to 3658 m, consistent with the previous studies

High altitude conditions have a significant impact on sleep.>’ Inadequate sleep can lead to high-altitude daytime
dysfunction, emotional instability, and disrupted cognitive functioning.*® Despite the inherent limitations of subjective
measures, questionnaires offer the benefit of being time and financially efficient. They also make it possible to gather
large, longitudinal datasets within subjects, which can be used to investigate cause-and-effect relationships and the
predictive power of various variables (eg, sleep quality and consequences linked to health). AIS was one of the
questionnaires that was used to assess the change in high altitude-related sleep quality.”*>* In this study, we showed
that a high-altitude environment affects participants’ subjective sleep quality over the short and long term (Table 2).

Moreover, we examined the consistency, validity, and reliability of the AIS in a high-altitude environment.

Consistency of the AIS
Our study found that the AIS had very satisfactory internal consistency when subjects were exposed to
3658 m. Cronbach’s o values were good (Table 3). This indicates a high level of homogeneity of the AIS, which is
further supported by the finding that Cronbach’s o remained very high among high-altitude-acclimated subjects
(Cronbach’s a: 0.882). However, Cronbach’s o was slightly lower when subjects stayed at 400 m (Cronbach’s o
0.796). One possible reason for this may be that smaller subjects staying at 400 m suffered from sleep disturbance. In
previous research, non-patient controls had a lower Cronbach’s a of 0.75, while patients with primary insomnia and
psychiatric patients had a higher Cronbach’s o of equal to or greater than 0.85."” This may be because fewer subjects
from the non-patient controls suffered from sleep disturbance compared to subjects from the primary patients with
primary insomnia and psychiatric patients. Therefore, our results are supported by the research.

Moreover, when the subjects were exposed to 3658 m, all of the CITCs were larger than 0.5, further demonstrating
the AIS’s good internal consistency.

Reliability of the AIS

For the AIS total scores, the ICC value was relatively low. However, the ICC value for the AIS total scores was significantly
increased when the subjects were exposed to 3658 m for 7 d, which was greater than 0.4, as proposed by Fleiss et al.*' This
may indicate that the effect of the high-altitude environment on sleep quality persists with prolonged altitude exposure, which
is supported by that the insomnia prevalence in the high-altitude-acclimated group was higher than that in the acute high-
altitude exposure group. The estimated test-retest reliability score for the AIS in clinical samples, according to a meta-
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analysis by Jahrami et al, is 0.84 at sea level,” and 0.64 for another clinical study by Enomoto et al.> Differences in the
research contexts and samples may account for the discrepancy between Jahrami et al’s and Enomoto et al’s and our results.
Therefore, we believe that the total score test-retest coefficient for the AIS may continue to rise as the duration of exposure to
the plateau continues to increase and then maintain a stable level, which needs further study to verify.

Validity of the AIS

Our EFA investigation revealed two main components in the AIS: sleep problem (items 1-5) and daytime dysfunction
(items 6-8), which is consistent with the other research.'®**** Furthermore, the current study’s eigenvalue values and
factor loadings matched those reported by Sattler et al*> and Enomoto et al.*® The structures in the AIS were considered
good as all the factor loadings of the items were above 0.5, the AVEs were greater than 0.5, and the CRs were above 0.7
when the subjects were at an altitude of 3658 m (Figure 2 and Table 3). The square root of the AVEs in the current study
were all greater than the correlation to every other latent variable for each latent variable. Each item’s loading was greater
than all of its cross-loadings, as determined by the Fornell-Larcker criterion and cross-loadings, which are used to assess
the discriminant validity of the AIS (Table S3—10). In addition, our results (all the VIF <3) indicate that there are no
collinearity issues with the data and that the survey findings are reliable and stable.

Lastly, the R-square values for daytime dysfunction at high altitudes were all greater than 0.33,>> which indicates that
the frameworks have moderate predictive accuracy (Table S11). The hypothesis that sleep quality has a positive influence
on daytime function when individuals are exposed to high altitudes was verified (Table 4).

In total, the findings of the present study suggested that the model of two factors with 8 items of the AIS showed
a good fit and achieved construct validity in a high-altitude environment.

This study has several limitations that need to be considered. Firstly, the results are based on self-reported measures,
which are prone to response and information bias, and therefore may not be entirely accurate. Secondly, due to limited
existing research in the highlands, there is no gold standard for evaluating the AIS’s criterion validity. Finally, the sample
used in this study only included young Chinese males, which means that females and older individuals were not
represented, thus limiting the generalizability of the findings. These limitations should be taken into account when
interpreting the results, and future studies should aim to address these issues.

Conclusion

In conclusion, the AIS is a scale that may be used in a wide range of clinical and research settings to quantify sleep
difficulties. The AIS exhibits strong consistency, reliability, and validity. The AIS’s features and simplicity make it an
essential psychometric tool in sleep research in high-altitude situations.
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