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Abstract
Background Adequate sleep and rest are essential for patient recovery; however, lack of sleep has become a 
common problem faced by Chinese patients during hospital stays. Reduced sleep is often associated with a higher 
risk of disease progression and is strongly associated with increased hospital stay. However, there is no specific tool 
in China to assess short-term insomnia caused by hospitalization. This study aimed to translate the Hospital-acquired 
Insomnia Scale (HAIS) into Chinese, test its applicability to Chinese inpatients through reliability and validity indicators, 
and investigate the potential influencing factors of hospital-acquired insomnia.

Methods Psychometric analysis from a sample of 679 hospitalized patients to whom the HAIS questionnaire was 
applied. The structural validity was assessed by exploratory factor analysis (EFA) and confirmatory factor analysis (CFA), 
and the content validity of the scale was assessed using the content validity index. Cronbach’s alpha coefficient, 
split-half reliability and test–retest reliability were calculated to evaluate the internal consistency of the scale. 
Multiple stepwise linear regression analysis was conducted to determine the potential correlates of hospital-acquired 
insomnia.

Results EFA supported a four-factor structure with factor loadings for all dimensions greater than 0.40. CFA showed 
good indicators of model fit. The content validity index of the scale was 0.94. the Cronbach’s alpha of the scale was 
0.915, the split-half reliability coefficient was 0.819, and the retest reliability was 0.844. Gender, age, total hours of 
sleep during the night, medical insurance, length of hospital stay, perceived stress level, and perceptions about sleep 
explained 46.2% of the variance in hospital-acquired insomnia.

Conclusion The Chinese version of HAIS has good psychometric characteristics and is an effective instrument 
for evaluating hospital-acquired insomnia. In addition, hospital-acquired insomnia is more common in women, 
of younger age, less than 5 h of sleep a night, without medical insurance, stressed, and patients with more 
misconceptions about sleep.

Keywords Hospital-acquired Insomnia Scale (HAIS), Sleep disorders, Inpatients, Scale validation

Psychometric evaluation of the Chinese 
version of the hospital-acquired insomnia 
scale (HAIS) and analysis of influencing factors
Fan Zhang1, Xin Wang1,2, Chunyan Zhang1, Kaiyan Xu1, Huameng Xu1, Qing Chen1 and Chunguang Liang3*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-024-06160-w&domain=pdf&date_stamp=2024-10-16


Page 2 of 12Zhang et al. BMC Psychiatry          (2024) 24:696 

Introduction
Insomnia is a common problem in modern society. The 
Diagnostic and Statistical Manual of Mental Disorders, 
5th edition (DSM-5) defines insomnia as a sleep disorder 
characterized by frequent and persistent (at least three 
nights per week for at least three months) difficulty fall-
ing asleep and/or maintaining sleep, resulting in insuf-
ficient sleep satisfaction. Sleep disturbances that lasted 
less than three months but satisfied all other diagnostic 
criteria for insomnia were classified as transitory insom-
nia [1]. Acute short-term insomnia is a common problem 
faced by hospitalized patients [2], Patients often have 
difficulty falling asleep or wake up frequently during the 
night, experiencing transitory insomnia, such insomnia is 
defined as hospital-acquired insomnia [3].

A 10-year cohort study in the United States found a 
significant increase in the prevalence of insomnia among 
hospitalized patients in recent years [4], and insomnia 
symptoms were also reported in 32% of older adults with 
multiple complications in the North India Hospital study 
[5]. In fact, hospital-acquired insomnia also has been 
noted in China, the sleep study of hospitalized patients in 
China found that the incidence of sleep deprivation was 
as high as 48%, and patients complained that the quality 
of sleep in the hospital was significantly lower than that 
at home, and it was difficult to sustain sleep [6]. Nota-
bly, nocturnal insomnia not only implies impaired sleep 
quality and daytime functioning, but also poses some 
unique disease risks to patients. As a population with ele-
vated sleep needs, sleep deprivation directly affects the 
immune response of hospitalized patients, increasing the 
risk of infections, delaying healing, and further prolong-
ing the patient’s hospital stay [7]. In addition, research 
revealed a strong association between insomnia and the 
frequency of hospital nighttime incidents, specifically in 
geriatric units where inadequate sleep negatively impacts 
senior patients’ cognitive abilities, heightening the risk 
of falls, delirium, and worsening of nocturnal conditions 
[8]. Studies have shown that the effects of these sleep 
deficiencies persist in about three months even after 
recovery sleep is achieved [9], this finding debunks the 
idea that “the effects of insomnia can be overcome after 
discharge“ [10], and that a patient’s insomnia problem is 
not only accompanied by an elevated risk of disease pro-
gression during hospitalization and an increase in hos-
pital costs, but also has a lasting impact on the patient’s 
life after discharge. Sleep deprivation experienced during 
hospitalization has been identified as a potential source 
of harm to patient’s health and well-being. These phe-
nomena suggest the need to further explore the factors 
influencing hospital-acquired insomnia in inpatients.

Much of the prior clinical research focused on the rela-
tionship between surgical methodology, pain, anaesthetic 
medications, and sleep in hospitalized patients [11–14]. 

Gellerstedt believes that patients are more likely to suffer 
from sleep deprivation because they have already expe-
rienced physiological processes such as pain or infec-
tion [15]. There are also studies pointed out the impact 
of the ward environment on patients’ sleep [16–18], such 
as machine noise, light, smell, room heat, night rounds, 
discomfort with pillows and bedding, and so on. What 
is certain is that the factors that cause insomnia in hos-
pitalized patients are intricate, but the current explora-
tion of insomnia in hospitalized patients is limited. Peiris 
attempts to explain the mechanism of insomnia from the 
perspective of behavioral patterns and neurocognition, 
and he emphasizes the key role of perceived stress and 
sleep beliefs [19]. As triggers of insomnia, stress and anx-
iety alter an individual’s sleep structure by increasing lev-
els of alertness and stimulating the sympathetic nervous 
system [20]. Negative emotions and misunderstandings 
about sleep, as a key factor in maintaining insomnia, will 
exacerbate patients’ anxiety and worry about sleep, caus-
ing them to fall into a cycle of insomnia [21, 22]. How-
ever, it remains inconclusive whether perceived stress 
and sleep beliefs are also involved in the development 
of hospital-acquired insomnia and play a key role in this 
process.

In the previous several decades, multiple scales to assess 
sleep disorders have been created, validated and adapted 
to various cultural settings. These scales included Pitts-
burgh Sleep Quality Index (PSQI) [23], Insomnia Severity 
Index (ISI) [24], Epworth Sleepiness Scale (ESS) [25], etc. 
Whilst there are a number of recognized and commonly 
used insomnia assessment tools, their content focuses on 
the measurement of the degree of insomnia and there is 
no specific tool that focuses on the impact of hospitaliza-
tion on a patient’s sleep. This has resulted in medical staff 
failing to identify the causes of hospital-acquired insom-
nia, with no basis for targeting patients for early preven-
tion and intervention, and hospitals missing out on the 
opportunity to optimize sleep environments to improve 
the quality of patients’ sleep during their hospital stay. To 
remedy this shortcoming, Bahar et al. first developed the 
Hospital-Acquired Insomnia Scale (HAIS) in Turkey as a 
professional tool for assessing the severity of a patient’s 
hospital-acquired insomnia [3]. The 18-item scale pro-
vides a comprehensive assessment of factors affecting 
sleep in hospitalized patients in five areas: physical envi-
ronment, safety, psychology, socioeconomic and dietary 
nutrition. The HAIS, a specially developed measurement 
tool for assessing hospital-acquired insomnia in patients, 
has been validated in 221 local inpatients with high inter-
nal consistency reliabilities, test–retest reliabilities and 
construct validity, demonstrating that it has good psy-
chometric properties. However, since its development 
in 2023, it has not been applied to the assessment of 
hospital-acquired insomnia across cultures in different 
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countries and regions. Given the potential impact of 
hospital-acquired insomnia on the health of hospitalized 
patients, especially in countries and regions where there 
is a relative strain on healthcare resources, such as China. 
This phenomenon deserves to be evaluated with special-
ized validated tools and indicators.

The present study translated and cross-culturally 
adjusted the HAIS scale into Chinese and further 
assessed its psychometric properties in a Chinese hospi-
talized patient population. In addition, this study hypoth-
esized that the level of hospital-acquired insomnia may 
be related to sociodemographic characteristics and that 
patients’ perceived stress and misconceptions about the 
existence of beliefs about sleep would have a greater 
impact on hospital-acquired insomnia. Therefore, we 
carried a cross-sectional investigation of factors influenc-
ing the HAIS.

Materials and methods
Design and participants
In this study, cross-sectional investigation and conve-
nient sampling were used to investigate the inpatients 
in a tertiary hospital in Jinzhou City, Liaoning Province 
from November 2023 to February 2024. The admission 
criteria for this study were :1. Adult patients hospitalized 
in general wards for more than 3 days; 2. Patients have 
clear knowledge and understanding of the questionnaire 
content; 3. Patients who voluntarily participated in this 
research with their informed consent. The exclusion cri-
teria were: (1) Patients with serious physical diseases who 
could not complete the questionnaire; (2) Patients under-
going surgery; (3) A history of insomnia before admission 
(defined as difficulty falling asleep or taking medication 
for more than 3 days per week within the last month) [1]; 
(4) Patients with other forms of sleep-related disorders.

Instruments
Questionnaire for general information
The general demographic Characteristics questionnaire 
included additional information such as sex, age, depart-
ment of admission, social security, and self-rated sleep 
during hospitalization.

Hospital-acquired insomnia scale (HAIS)
The HAIS was initially created by Prof. Bahar et al. in 
2023 to accurately assess the level of insomnia in cur-
rently hospitalized patients [3]. There are five dimensions 
and eighteen items on the scale: environmental factors, 
psychological factors, safety factors, socioeconomic fac-
tors, and nutritional factors. With a total score of 18 to 
90, the scale is graded on a 5-point Likert scale that goes 
from 1 (never) to 5 (always). The higher the score denotes 
the more severe the degree of hospital-acquired insom-
nia. The Turkish version of HAIS has excellent reliability 

and validity, Cronbach’s alpha coefficient is 0.783. The 
Cronbach’s α coefficient of this research was 0.915.

Insomnia severity index (ISI)
The ISI was proposed by Bastien et al. in 2001, which 
consists of 7 items on a 5-point Likert scale to measure 
the degree of insomnia in individuals, with a final score 
of 0–28, A higher score implies higher levels of insomnia 
[26]. The English version has a Cronbach’s alpha coeffi-
cient of 0.900, and it was validated in a Chinese popula-
tion with a Cronbach ‘s alpha coefficient of 0.835 [27]. In 
this research, the Insomnia Severity Index (ISI) was cho-
sen to measure the level of insomnia in individuals, The 
Cronbach’s α coefficient of this research was 0.919.

Dysfunctional beliefs and attitudes about sleep scale (DBAS)
The DBAS was developed by Morin in 2000 to assess mis-
conceptions about sleep and insomnia [28]. The 16 items 
on the measure are rated on a 5-point Likert scale from 1 
(strongly disagree) to 4 (strongly agree). More dysfunc-
tional beliefs or misbehaviors toward sleep are indicated 
by higher scores. The original version has a Cronbach’s 
alpha coefficient of 0.790 [28], and it was validated in a 
Chinese population with a Cronbach ‘s alpha coefficient 
of 0.894 [29]. Cronbach’s α coefficient of the scale in this 
study was 0.900.

Perceived stress scale (PSS)
The Perceived Stress Scale (PSS) was developed by Cohen 
et al. in 1983 to assess the level of stress experienced by 
an individual [30]. The scale consists of 2 dimensions, 
tension and loss of control, with 7 entries for each dimen-
sion, and is based on a 5-point Likert scale, with scores 
ranging from 0 to 4, from never to always, and a total 
score of 0 to 56. Higher scores correspond with perceived 
stress levels that are higher. The original version has a 
Cronbach’s alpha coefficient of 0.840 [30], and it was vali-
dated in a Chinese population with a Cronbach ‘s alpha 
coefficient of 0.830 [31]. Cronbach’s α coefficient of the 
scale in this study was 0.904.

Study procedures
Translation process
Prof Bahar provided the English version of the HAIS 
scale and allowed us to translate it as well as validate it. 
A forward-backward translation method based on the 
Brislin translation was applied [32]. First, two bilingual 
graduate nursing students who were familiar with the 
background of the study independently translated the 
HAS into Chinese, and the translation was then dis-
cussed and improved by the research team to create a 
translated version. The translated scale was back-trans-
lated by two translators (a university English teacher and 
an English graduate student) who hadn’t previously seen 
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the original version of the scale and were proficient in 
English. The back-translated version was developed after 
group discussion and revision. Controversial items were 
changed to render the scale better suited for the Chinese 
context after consultation with the original authors and 
their team’s evaluations and comments on the scale’s 
translation. Thirty hospitalized patients participated in 
a preliminary trial. After receiving the task to finish the 
scale, they were questioned regarding their comprehen-
sion of its entries. They reported no problems with com-
prehension, and eventually, a definitive Chinese version 
of the scale was created.

Cultural adaptation of HAIS
After consulting with the original authors, we recognized 
significant differences in the dietary patterns of hospital-
ized patients between the two countries. In Turkey, hos-
pitals provide three meals a day for each patient and their 
relatives. This practice not only addresses the physiologi-
cal needs of patients but also allows for the control, mon-
itoring, and evaluation of the quantity and timing of their 
diets. As a result, hospitals can adjust diets promptly and 
address potential nutritional deficiencies. In contrast, 
hospital dining arrangements in China are more flexible, 
enabling patients and their families to select their own 
meals and adjust meal times according to their prefer-
ences. Considering that the nutritional dimension pri-
marily assesses the impact of meal timing on patients’ 
sleep, and with the original author’s permission, We have 
made corresponding revisions to items 16 and 17. These 
changes follow Beaton’s cross-cultural adaptation and 
testing guidelines [33].

Data collection procedure
In this study, we investigated inpatients at a tertiary 
hospital in Liaoning Province, from November 2023 to 
February 2024, and questionnaires were collected in the 
ward. Patients received thorough explanations of the 
goal and methods of the research, and data for the study 
were collected face-to-face after obtaining their con-
sent. The survey procedures strictly adhered to the basic 
principles of medical research and ensured confidential-
ity and privacy. The sample size is determined accord-
ing to the general rules of the factor analysis program, 
which require at least 10 respondents to be recruited for 
each item, but a larger sample helps ensure the accuracy 
of exploratory factor analysis and confirmatory factor 
analysis [34]. Eventually, 736 questionnaires in all were 
gathered. 679 valid questionnaires were recovered, and 
57 invalid questionnaires with incomplete answers and 
continuous answers of more than half were excluded 
[35]. The recovery rate was 92.25%. Considering that 
patients in the respiratory departments of this hospital 
have longer hospital stays, after communication with the 

department, the names and admission numbers (AD) of 
this population were marked, and retest patients who 
remain hospitalized after two weeks. This study adhered 
to the ethical norms of the Helsinki Declaration as well 
as the Ethics Committee of Jinzhou Medical University 
(JZMULL2023150).

Data analysis
Categorical variables are expressed as percentage (%) 
and continuous variables are expressed as mean ± stan-
dard deviation (SD). AMOS (V24.0) and SPSS (V26.0) 
were used to analyze the statistical data. Exploratory 
factor analysis (EFA) and confirmatory factor analy-
sis (CFA) were used to determine the potential factor 
structure of the Chinese version of HAIS. A sample of 
679 participants was randomly divided into two groups 
for EFA (N = 341) and CFA (N = 338). The suitability for 
factor analysis is determined using the Kaiser-Meyer-
Olkin (KMO) test and Bartlett’s test of sphericity. When 
the KMO value is greater than 0.60 and Bartlett’s test of 
sphericity is significant (P < 0.05), the data are consid-
ered suitable for factor analysis. Factors with eigenvalues 
greater than 1 were extracted and subjected to varimax 
orthogonal rotation. Items with loadings of 0.50 or higher 
were considered for inclusion in separate factors. Fac-
tor extraction was guided by eigenvalues, total variance 
explained, and scree plot. The reliability of the internal 
consistency of the scale was determined by Cronbach’s 
alpha coefficient. Cronbach’s alpha coefficient above 0.7 
is considered acceptable. Multiple stepwise linear regres-
sion analysis was used to investigate the potential deter-
minants of hospital-acquired insomnia. P < 0.05 was 
considered statistically significant.

Results
Demographic characteristics
A total of 679 hospitalized patients were finally included 
in the study (Table  1), of which 371 (54.6%) were male 
and 308 (45.4%) were female. The age of the patients was 
concentrated at 51–71 years (45.9%). Most of the par-
ticipants were from the medical ward (57.7%), 43.9% of 
the patients were hospitalized for 1–2 weeks, the health 
insurance coverage reached 90.6%, and 41.8% of patients 
felt that their sleep was affected during their hospitaliza-
tion. Table 2 illustrates participants’ mean (SD) scores for 
each item of the revised HAIS.

Item analysis
Given that item validity is a prerequisite and foundation 
for the establishment of psychometric indicators for the 
scale, item analyses were performed before validity and 
reliability assessments. The total score of the HAIS was 
ranked from high to low, with the top 27% being the high 
group and the bottom 27% being the low group. The t 
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values obtained by the t-test of independent samples of 
high and low subgroups were used as Critical Ratio Deci-
sion Value (CR) to evaluate the differences of items [36]. 
The results showed that the CR values of the 18 items 
in the scale ranged from 12.454 to 24.647, all showing 
statistical differences (Table  3), indicating that the Chi-
nese version of HAIS items had good differentiation and 
could effectively measure the response level of different 
subjects. Using Pearson correlation analysis, the correla-
tion coefficients between the overall scores on the scale 
and the scores on each item were determined, to assess 

the degree of agreement of their measurement attri-
butes [37]. The correlation coefficients between each 
item and the total score of the scale ranged from 0.430 to 
0.672 (P < 0.001). Therefore, all 18 entries were retained 
(Table 3).

Validity analysis
Content validity
Content Validity Index (CVI) includes item-level content 
validity index (I-CVI) and universal agreement scale-level 
content validity index (S-CVI/UA) [38]. Two sleep spe-
cialists and five medical experts were invited to rate each 
item of the scale on a 4-point scale (1–4 for " no associa-
tion “, " little correlation “, " significant correlation “, and 
" extremely strong correlation “) [39]. The results showed 
that the I-CVI value of HAIS was 0.857 ∼ 1.000, and the 
S-CVI/UA value was 0.94. Most experts believed that the 
individual and overall contents of the scale were consis-
tent with the measurement objectives, which ensured the 
objectivity and scientific nature of the scale [40].

Construct validity
Exploratory factor analysis (EFA) and Confirmatory fac-
tor analysis (CFA) were used to test the structural valid-
ity of HAIS. The 679 samples were randomly divided into 
two groups: 341 completed EFA and 338 completed CFA.

Exploratory factor analysis (EFA)
The matrix of sample 1 (n = 341) is preliminarily evalu-
ated by factors. The Bartlett test of sphericity had statis-
tical significance (χ2 = 6,610,260, P < 0.05) [41], and the 
KMO value was 0.914, which exceeded the minimum 
allowable value of 0.6 [42], suggesting that there was suf-
ficient correlation between the variables to be suitable 
for factor analysis [43]. Principal component analysis and 
maximum variance orthogonal rotation method were 
used for EFA analysis [44], and four factors with feature 
roots greater than 1 were extracted, which were different 
from the original 5-factor structure model. The cumula-
tive variance contribution of the four factors supported 
by gravel blocks is 67.921%. The factor loads of 18 proj-
ects ranged from 0.648 to 0.877, and all projects were 
subject to a single factor load (Table  4). The structure 
of the four factors was further explained by the weaker 
decreasing trend of the gravel blocks after point 4 (Fig. 1).

Confirmatory factor analysis (CFA)
Sample 2 (n = 338) was further analyzed by CFA to con-
firm the EFA-derived model [45]. After constructing 
the correlation between the relevant residual variables 
of item 11 and item 12 according to the modified index, 
the data fitting of the four-factor 18-item structure is 
satisfactory: χ2 /df = 2.115, RMSEA = 0.058, GFI = 0.919, 
NFI = 0.923, TLI = 0.949, CFI = 0.958, indicating that the 

Table 1 Demographic characteristics (N = 679)
Variable Total(N%)
Gender
 Male 371(54.6)
 Female 308(45.4)
Age (years old)
 18–30 51(7.6)
 31–50 159(23.4)
 51–70 312(45.9)
 71 and above 157(23.1)
Per capita monthly income (rmb)
 <1999 181(26.7)
 2000–3999 400(58.9)
 >4000 98(14.4)
Department
 Internal medicine 392(57.7)
 Surgery 233(34.3)
 Others 54(8.0)
Hospitalization (day)
 3–7 202(29.7)
 8–16 298(43.9)
 17–21 157(23.1)
 22 and above 22(3.20)
Medical insurance
 Yes 615(90.6)
 No 64(9.4)
Time to sleep(minute)
 0–15 252(37.1)
 16–30 310(45.7)
 31–45 117(17.2)
Sleep disruption duration (minute)
 0–15 184(41.8)
 16–30 288(42.4)
 31–45 107(17.2)
Length of sleep per night(hours)
 <5 166(24.4)
 >5 166(24.4)
Self-rated sleep
 Very good 99(14.6)
 Good 284(41.8)
 General 114(16.8)
 Bad 141(20.8)
 Very bad 41(6.0)
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four-factor model is effective in measuring potential vari-
ables [46]. The graphical expression for the CFA result is 
represented in Fig. 2.

Convergent validity and discriminant validity
According to the result of model fitting, the convergence 
validity of each dimension is calculated. The average vari-
ance extracted (AVE) values of F1, F2, F3, and F4 are all 

greater than 0.5, indicating good convergent validity. 
The CR values are all greater than 0.7, and the compos-
ite reliability is good. In addition, the square root of the 
AVE value exceeds the inter-factor correlation coeffi-
cient (0.430–0.672, P < 0.001), indicating that the model 
has good discriminant validity [47]. Detailed results are 
shown in Table 5.

Table 2 Mean (SD) scores for all participants in the Chinese revised hospital-acquired Insomnia Scale (N = 679)
Items on the Chinese Revised Hospital-acquired Insomnia Scale Mean 

(SD)
1. I could not sleep due to the discomfort (talking on the phone, watching TV, etc.) caused by the other patients and their relatives in my 
room.

2.07(0.987)

2. I couldn’t sleep because the room was stuffy/airless. 2.20(0.915)
3. I could not sleep because the lights in the room were constantly on. 1.88(0.940)
4. I couldn’t sleep because the number of patients in the room was too much. 1.93(1.008)
5. Couldn’t sleep as not enough privacy was provided. 1.94(0.934)
6. I couldn’t sleep because I was worried about the procedures to be done or not being given enough information about my disease. 2.12(0.858)
7. I couldn’t sleep because I felt emotionally/mentally exhausted. 2.19(0.909)
8. I couldn’t sleep because I thought my disease would not get better. 2.10(0.920)
9. I couldn’t sleep because I felt like I was stuck in four walls. 2.14(0.942)
10. I couldn’t sleep because of the anxiety caused by the thought that I wouldn’t be able to wake up if I sleep. 2.04(0.927)
11. I couldn’t sleep because I didn’t feel safe. 2.11(1.017)
12. I couldn’t sleep because of the uncertainty of my illness or anxiety about my illness. 2.11(0.936)
13. During my stay in the hospital, I could not sleep due to the possibility of getting bad news. 2.02(0.859)
14. I couldn’t sleep because I was away from my family. 1.99(0.849)
15. During my stay in the hospital, I could not sleep because I was afraid of losing my job, suffering economic loss, and not being able to 
financially support my family.

2.04(0.876)

16. I was hungry because I ate dinner too early, which prevented me from sleeping. 1.93(0.808)
17. I had to wake up for breakfast. 1.91(0.778)
18. I could not sleep because the amount of food given was insufficient. 1.91(0.890)

Table 3 Item analysis for Chinese version of the Hospital-
acquired Insomnia Scale (N = 679)
Itme Critical 

Ratio
Corrected Item-
Total Correlation

P-value Cronbach’s 
Alpha if Item 
Deleted

1 21.128 0.653 ＜ 0.001 0.909
2 24.647 0.666 ＜ 0.001 0.909
3 23.325 0.658 ＜ 0.001 0.909
4 21.740 0.637 ＜ 0.001 0.909
5 19.673 0.616 ＜ 0.001 0.910
6 18.969 0.558 ＜ 0.001 0.911
7 21.101 0.660 ＜ 0.001 0.909
8 20.809 0.642 ＜ 0.001 0.909
9 18.583 0.583 ＜ 0.001 0.911
10 19.853 0.610 ＜ 0.001 0.910
11 23.158 0.672 ＜ 0.001 0.908
12 22.898 0.617 ＜ 0.001 0.910
13 16.045 0.526 ＜ 0.001 0.912
14 14.188 0.502 ＜ 0.001 0.913
15 15.031 0.492 ＜ 0.001 0.913
16 12.454 0.430 ＜ 0.001 0.914
17 14.947 0.502 ＜ 0.001 0.913
18 15.379 0.471 ＜ 0.001 0.914

Table 4 Exploratory factor analysis (N = 341)
Item number Factor1 Factor2 Factor3 Factor4
10 0.778
7 0.772
6 0.749
8 0.747
11 0.719
12 0.718
9 0.707
2 0.833
3 0.781
1 0.757
4 0.721
5 0.648
17 0.877
16 0.834
18 0.796
14 0.819
13 0.784
15 0.761
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Criterion-related validity
In this study, the ISI scale was used as a standard tool and 
the Pearson correlation was used to analyze the compre-
hensive scores and total ISI scores of 18 items in Chinese 
HAIS, and the correlation coefficient was 0.772, indicat-
ing that ISI could provide preliminary inference for the 
validity of HAIS.

Reliability analysis
Internal consistency reliability
Reliability analysis results show that the Chinese ver-
sion of HAIS (18 items) has good internal consistency. 
The Cronbach’s alpha coefficient was 0.915, higher than 
the original Cronbach’s alpha coefficient of 0.783. Table 3 
shows that removing any item individually results in an 
overall decrease in Cronbach’s alpha coefficient. In addi-
tion, the split-half reliability is 0.819, indicating that 
HAIS has high internal consistency [48, 49].

Test-retest reliability
The intraclass correlation coefficient (ICC) was used to 
evaluate the stability of the scale. Two weeks after the first 
test, 50 patients whose names and AD had been marked 
and who were still hospitalized were asked to complete 
the questionnaire again. Spearman correlation method 
was used to evaluate the correlation between the two 
tests, and the correlation coefficient was 0.844, greater 
than 0.7 [50]. This implies that HAIS is less affected by 
time and has greater stability.

Multiple regression analysis of hospital-acquired insomnia 
among Chinese inpatients
The average total HAIS score of 679 Chinese inpatients 
was 36.43 ± 10.49. Multiple stepwise linear regression 

analyses revealed that female gender, lack of health insur-
ance, age, longer hospitalization, insufficient total sleep 
duration at night, perceived higher stress, and miscon-
ceptions about sleep were potential factors influencing 
HAIS. These variables contributed 46.2% to the variance 
of hospital-acquired insomnia (Table 6).

Discussion
In this study, HAIS was translated into Chinese for the 
first time and validated after cultural adaptation in 679 
Chinese inpatients. The results reveal that the Chinese 
version of HAIS has good reliability and validity, and 
HAIS is a practical tool for evaluating patients with hos-
pital-acquired insomnia in China.

In this study, the Cronbach’s α value of the HAIS 
scale was 0.915, and the coefficients of each dimension 
ranged from 0.799 to 0.895, which were all higher than 
the original version. This could be the result of varia-
tions in hospital environments and cultural backgrounds 
between nations. The convenience sample of a single 
hospital selected in this study may also have influenced 
the results. Furthermore, following a 2-week interval, the 
test-retest reliability calculation yielded a value of 0.844, 
suggesting high temporal stability for the scale.

Four factors were extracted from 18 items through 
EFA, and the cumulative variance contribution rate 
reached 67.921%. At the same time, the CFA showed that 
the four-factor model had a good fit, and showed a good 
convergent validity, composite reliability, discriminant 
validity, content validity, and criterion-related validity. It 
can be seen that this study has changed the five-dimen-
sional structure of the original version. The reasons for 
the differences are as follows: First, in the translation pro-
cess, we adjusted the sentences in the original scale that 

Fig. 1 Scree plot of exploratory factor analysis for Chinese version of the HAIS (N = 341)
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did not conform to the Chinese expression, which had 
an impact on the project content. Secondly, such differ-
ences may be partly due to the cultural background and 
national psychology of different countries and regions, 
and the understanding of the two concepts of security 
and psychology will be greatly affected by cultural factors 
[51]. Foreign countries believe that safety and psychology 
are two completely different concepts, and China is more 
inclined to take safety as one of the criteria to evaluate a 
person’s psychological state. Maslow also proposed that 
safety, as a necessary condition for maintaining indi-
vidual survival and life order, has inherent psychological 

attributes [52]. Understandably, the “safety” and “psycho-
logical” dimensions consistently reflect the psychological 
state of patients in a hospital setting. Therefore, the third 
dimension (safety factor) of the original scale is included 
in the second dimension (psychological factor) in this 
study. In addition, HAIS was significantly positively cor-
related with ISI (r = 0.772, P < 0.05), suggesting that it had 
good concurrent validity. To sum up, the Chinese version 
of the HAIS scale on the one hand confirms the effective-
ness of the HAIS scale in evaluating hospital-acquired 
insomnia in hospitalized patients, and on the other 
hand, provides a verified Chinese version of the scale for 

Fig. 2 Standard four-factor structural model for the Chinese version of HAIS n = 338. F1 (Physical Environment, five items), F2 (Psychological, seven items). 
F3 (Socio-economic, three items), F4 (Nutrition, three items)
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evaluating the influencing factors of insomnia in Chinese 
hospitalized patients.

In addition, using the validated Chinese version of 
HAIS, this study confirmed the hypothesis that hospital-
acquired insomnia is associated with sociodemographic 
characteristics, and that perceived stress and miscon-
ceptions about sleep have a greater impact on hospital-
acquired insomnia. The existing literature supports 
the study’s conclusions as well. Several studies on sleep 
quality have shown that women possess a higher risk of 
insomnia than men [53–55]. On a physiological level, 
this may be related to female-specific hormonal changes, 
which lead to an increased probability of insomnia due 
to factors such as decreased levels of estrogen and mela-
tonin, as well as deprivation of deep rapid eye movement 
sleep [56]. In addition, a stronger sense of privacy among 
Chinese may also be a key factor in hospital-acquired 
insomnia. An earlier study on patients’ perception of 
privacy in healthcare also revealed that women prefer 
to choose a single room due to concerns about personal 

privacy [57], further highlighting the impact of the ward 
environment on Chinese women’s sleep. Notably, in con-
trast to the findings of previous studies that found high 
rates of insomnia in older populations [2, 54, 58], in this 
study, younger individuals were more likely to experience 
insomnia in the hospital setting. Studies have shown that 
younger patients may be more sensitive to light in the 
ward environment, equipment sounds, and night rounds 
or nursing operations than older patients with degraded 
sensory functions, resulting in sleep arousal and disrup-
tion [58, 59]. On the other hand, relevant studies have 
revealed a link between mobile phone addiction and 
delayed sleep in young people [60], which may lead to 
shorter night sleep duration in this group. In addition, 
studies on sleep rhythms and sleep structure in hospital-
ized patients have shown that bedridden patients show 
more pronounced compensatory sleep during the day 
[61], which compensates for their lack of night-time sleep 
duration.

The study also indicated that lack of medical insurance, 
higher levels of perceived stress, more misconceptions 
about sleep, and longer hospitalization were other impor-
tant risk factors for HAIS. In animal models and human 
research, stress disrupt various aspects of sleep [62–64]. 
In particular, fragmented non-rapid eye movements 
(NREM) due to frequent brief arousals (microarousals) 
disrupts sleep continuity and may cause cognitive impair-
ment and anxiety [13, 65]. Furthermore, REM abnor-
malities are often observed in patients with insomnia, 
depression, and post-traumatic stress disorder (PTSD) 
[66, 67]. For humans, psychosocial stressors are one of 
the main sources of stress. The inadaptability to the unfa-
miliar environment, the worry of the disease progression, 
the absence of family members, and other factors will 
bring psychological pressure to the hospitalized patients. 
In rodents, social stress—in particular, a conflict with an 
aggressive mouse—has been considered to disrupt sleep 
[68, 69]. These changes in the sleep architecture gener-
ated by social stress may result from interactions between 
stress and sleep regulatory circuits. In addition, a longer 
hospital stay is not only detrimental to the mental health 
of patients, but also means that hospitalized patients will 

Table 5 Convergent validity and discriminant validity of the 
Chinese version of the HAIS(N2 = 338)
Item Standardized Factor Load AVE √AVE CR
B1 <--- F1 0.805 0.66 0.81 0.90
B2 <--- F1 0.881
B3 <--- F1 0.864
B4 <--- F1 0.748
B5 <--- F1 0.701
B6 <--- F2 0.692 0.55 0.74 0.89
B7 <--- F2 0.815
B8 <--- F2 0.789
B9 <--- F2 0.675
B10 <--- F2 0.719
B11 <--- F2 0.773
B12 <--- F2 0.699
B13 <--- F3 0.789 0.59 0.77 0.81
B14 <--- F3 0.818
B15 <--- F3 0.693
B16 <--- F4 0.677 0.65 0.80 0.84
B17 <--- F4 0.945
B18 <--- F4 0.768

Table 6 Multiple stepwise linear regression model for overall HAIS score (n=679)
B β t p 95% CI Collinearity statistics Model R2

Tolerance VIF
Constant 42.726 15.051 <0.001 37.152, 48.300 0.462
Medical insurance 1.517 0.084 2.952 0.003 0.508, 2.526 0.982 1.018
Sex 1.478 0.070 2.458 0.014 0.297, 2.658 0.980 1.021
Hospitalization 0.855 0.066 2.317 0.021 0.130, 1.580 0.986 1.014
DBAS 0.191 0.208 6.952 <0.001 0.137, 0.245 0.888 1.126
PSS 0.163 0.171 5.469 <0.001 0.104, 0.221 0.813 1.230
Age -0.050 -0.077 -2.676 0.008 -0.087, -0.013 0.958 1.044
Length of sleep -11.835 -0.485 -15.83 <0.001 -13.304, -10.367 0.851 1.176
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bear a heavier economic burden, and economic pressures 
such as medical tests, drugs, and daily bed costs will also 
affect the quality of sleep of patients during hospitaliza-
tion. The multi-level medical security system imple-
mented in China shares part of the hospital expenses for 
urban residents, workers, and farmers, to some extent 
easing the financial burden brought to patients by hospi-
talization. This may well explain the more severe expres-
sion of HAIS in uninsured individuals. Also, individuals 
with more misperceptions about sleep are more likely 
to experience HAIS. Earlier studies have confirmed that 
sleep cognitions have a greater impact on insomnia than 
Physical disorders [70, 71]. Patients with misconceptions 
about sleep are more inclined to visualize negative events 
such as the impact of sleep deprivation on disease recov-
ery as catastrophic, and develop a negative bias towards 
perceived sleep-related threats and perceptions, which 
prevents them from adopting positive coping strategies 
during periods of poorer sleep. As an alternative to con-
ventional pharmacological therapies, several researchers 
have also advocated the application of sleep cognitive 
behavioral therapy as a first-line therapy for insomnia to 
enhance sleep quality [72].

Limitations
First, there are flaws of recall bias and extended causal 
inferences, as in most cross-sectional studies. Second, 
the conclusion’s generalizability might be somewhat con-
strained by the handy sample that was chosen by a single 
hospital, and it is essential to expand the sampling scope 
and level in subsequent studies to make the research 
objects more representative. This is the first foreign study 
to translate and test the validity and reliability of the 
HAIS, and despite some shortcomings, our study pro-
vides a validated Chinese-language scale to measure the 
effects of hospitalization on patients’ insomnia in a Chi-
nese cultural context.

Conclusions
The Chinese version of the HAIS scale contains 18 items 
supporting a four-factor structure and shows good 
validity and reliability, therefore, the validated Hospital 
Acquired-insomnia Scale is more suitable for the Chi-
nese population. Future studies should further explore 
its applicability in other population groups and analyze 
the potential influencing factors of sleep in hospitalized 
patients. In addition, in the process of developing pub-
lic health intervention strategies, initial screening and 
identification of individuals who are female, younger, 
uninsured, have longer hospitalization, do not sleep long 
enough at night, and perceive more stress with more mis-
conceptions about sleep can help to identify qualified 
high-risk groups for early intervention, which is essential 
to promote good sleep hygiene in general wards in China.
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