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Abstract 
Objective: COVID-19 epidemic is associated with impaired sleep quality in nurses for several reasons. The present study aimed to determine the effect of an online mindfulness-based stress reduction (MBSR) program on improving the sleep quality of nurses working in the COVID-19 care units.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Methods: In this randomized controlled clinical trial study, all nurses in the two COVID-19 patient care units were randomly assigned to the control and intervention groups. The MBSR program was implemented online for 7 weeks for the intervention group by a trainer. The Pittsburgh Sleep Quality Index (PSQI) was completed online by the participants in both groups before and after the intervention.
Results: The results of the data analysis indicated that the intervention improved the scores of subjective sleep quality, sleep latency, and sleep efficiency in the intervention group. In the control group, there was a significant increase in the scores of subjective sleep quality, daily performance, and the total index score in the post-test. Besides, there was a significant difference between the two groups in only two components of sleep latency and subjective sleep quality.
Conclusion: MBSR program can be an effective intervention to improve the sleep quality of nurses working in COVID-19 intensive care units who are at risk of sleep quality disorders in stressful situations.
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Statement of the problem
In December 2019, patients with pneumonia of unknown origin were hospitalized in Wuhan, China. The disease was named Coronavirus 2019 after the World Health Organization (WHO) confirmed that the cause of this new pneumonia is SARS-CoV-2 1. On March 11, 2020, the WHO called it a pandemic because of the great threat it posed to public health 2. The cause of concern was the extent and severity of the epidemic in many countries around the world. The first case of this disease in Iran was officially announced on 19 February and quickly spread in different cities. Until 23:59 on 23 March 2020, 356,292 cases were confirmed and 20,502 deaths due to this disease were registered in Iran3. As of this date, the number of confirmed and suspected cases of COVID-19 disease is increasing in Iran, and the disease has created a huge public health challenge with its consequences leading to numerous economic, cultural, and social challenges 4,5.
Nurses have always been key members of the patient care, infection control, prevention, and isolation team 6. They have shown great commitment and responsibility in being at the forefront of this event. However, they are at great risk of experiencing the psychological consequences of high stress, work stress, extended shifts, and reduced family relationships in their attempts to prevent disease transmission 1,7,8.
The unforeseen crisis created by the COVID-19 epidemic for medical staff, including nurses, along with a lack of financial and human resources, an increase in the number of critically ill patients, an increase in the number of shifts to compensate for the lack of manpower, can adversely affect the well-being and health of nurses 1,9,10. To control the disease and continue to provide quality care to patients, nurses need to maintain and improve their mental health 1,6.
Currently, most studies related to COVID-19 disease have focused on epidemiology, prevention and control methods, as well as finding treatments 6. Few studies have been conducted on the implementation of interventions to manage different physical and psychological problems affecting nurses. Sleep quality is a variable that is directly related to nurses' mental health and is indirectly related to the quality of patient care 11.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Sleep is an important element in the recovery of physical and mental powers, whose health contributes to various bodily functions such as growth and healing, learning, and the ability to cope with stress 11,12. A person's mental and physical health is related to the quality of his/her sleep, and sleep disorders reduce the quality of life and job efficiency. These consequences if experienced by nurses indirectly affect the quality of patient care 13,14. Nurses are at greater risk for sleep disorders due to their unusual working hours as well as job stress. This job stress has even increased during the crisis caused by COVID-19 disease 15,16. Stress due to heavy workload, extended shifts, and lack of manpower are common stressors in the nursing profession that are aggravated during the COVID-19 disease crisis due to fear of the development of the disease by themselves or family members, the requirement to wear uncomfortable protective clothing, and the relative social isolation inevitably experienced by nurses as a way to prevent the spread of the disease 9,17,18.
This being so, one of the important tasks of nursing management is to find solutions to improve nurses’ mental and physical health by improving the quality of their sleep and rest 19. One of the methods whose effectiveness in promoting mental health has been confirmed in several studies is the mindfulness-based stress reduction technique 20. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Mindfulness-Based Stress Reduction (MBSR) Program was introduced by John Kabat Zin as a set of 8-week mindfulness and yoga exercises to reduce stress. Mindfulness refers to the moment-by-moment awareness of bodily sensations, thoughts, and emotions 20,21. Mindfulness is non-judgmental and accepting awareness of experiences that are in the individual's attention at a given point in time. Mindfulness exercises increase a person's attention to their body and its sensory and mental experiences 22. In mindfulness, the emphasis is on the interaction between bodily, cognitive, and emotional processes. The MBSR program is planned by integrating meditation techniques, exploring the senses and mental and physical experiences, and yoga exercises to increase understanding and awareness of automatic and involuntary thoughts, feelings, and emotions, and it creates changes in bodily responses by making them non-automatic 20. The 8-week regular training program with logs for recording experiences and pondering on them is taught to people by a licensed expert, and people are required to do at least one hour a day and at least 6 days a week the exercises assigned that week and record their data and experience in a notebook 20,22. Numerous studies have examined the effectiveness of this program on variables such as stress, headache, and anxiety 22-24. However, no study to date has addressed the effect of mindfulness-based stress reduction program on sleep quality of nurses working in COVID-19 intensive care wards. Besides, the effectiveness of this program as an online workshop has not been reviewed so far. Accordingly, this study aims to explore the effect of an online mindfulness-based stress reduction program on sleep quality of nurses working in the COVID-19 intensive care wards in one of the selected hospitals in Tehran in the spring of 2020.

This study
This clinical trial study was performed on 44 nurses working in two COVID-19 care wards in one of the selected hospitals affiliated to Shahid Beheshti Medical Sciences in Tehran from June 3 to July 2020. All nurses meeting the inclusion criteria were included in the study and no sampling procedure was performed. The participants were randomly assigned to the intervention and control groups by drawing the number assigned to each of the two wards. It should be noted that in this hospital, after the start of the epidemic, two wards were completely dedicated to patients with coronavirus disease 2019 (COVID-19). The selected wards had similar conditions in terms of the number of beds, patients' conditions, and characteristics of the nurses from the perspective of hospital nursing management.
The inclusion criteria were as follows: having at least a bachelor's degree in nursing, working in the COVID-19 care ward from a maximum of two weeks before the start of the study, willingness to participate in research, not having performed mindfulness exercises previously, access to mobile phones, and non-use of drugs related to psychological disorders at the time of conducting the study. The exclusion criteria were changing the ward by oneself or nursing management for any reason at the time of the study, willingness to leave the study, developing COVID-19 disease and taking a leave of absence, the failure to do the exercises more than a week according to the participant’s statement, and the failure to complete the questionnaires, or not completing all items in the questionnaires.
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK39]The instruments used to collect the data were the personal information questionnaire and the Pittsburgh Sleep Quality Index (PSQI). The personal information questionnaire contained items related to age, gender, education, nursing experience, marital status, having children, shift conditions, number of nursing hours per week, and history of sleep disorders or previous psychological disorders.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]To assess the sleep quality of the participants, the Persian version of the Pittsburgh Sleep Quality Index (PSQI) was used. The PSQI is an 18-item scale that measures individuals' sleep quality during the past month using 7 subscales including Subjective Sleep Quality, Sleep Latency, Sleep Duration, Habitual Sleep Efficiency, Sleep Disturbances, Use of Sleep Medication, and Daytime Drowsiness. An overall score of 5 or higher indicates poor sleep quality. The Persian version of the PSQI has been used in several studies and has shown good sensitivity and specificity in distinguishing between good and bad sleep quality (an overall score of 6 and above indicates the sensitivity of 89.6% and specificity of 86.5%) 25-30. Four items are open-ended questions and the rest are scored on a four-point Likert scale ranging from 0-3 (0 indicating the best conditions and 3 the worst conditions in that item). A total score below 5 indicates good sleep quality, a score between 6 and 11 indicates poor sleep quality, and a score of 11 to 21 indicates very poor sleep quality. The Persian version of the scale has been used in several studies and has good reliability and validity indexes 25,30.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49]After the approval of the Research Ethics Committee of Shahid Beheshti University of Medical Sciences (IR.SBMU.RETECH.REC.1399.150) and obtaining a letter of introduction from the Faculty of Nursing and Midwifery of this university, the researcher referred to the hospital, introduced herself, and provided a description of the study, its objectives, and the research procedure. Then, in collaboration with the nursing director and the hospital's educational supervisor, two separate groups were created in WhatsApp Messenger. The nurses meeting the inclusion criteria and working in one of the wards were added to a single group. Afterward, a number was assigned to each group that was randomly chosen as the intervention or control group by drawing lots. In the pre-intervention stage, the participants in both intervention and control groups completed the two questionnaires online on a website called Porsline. After completing the questionnaires, a mindfulness-based stress reduction training program was presented to the participants in the intervention group in the WhatsApp group for 7 weeks. The training media were prepared by the researchers in collaboration with a group of nursing students. The training content included audio files of meditations, video files of yoga exercises, reading files about the nature of mindfulness and its benefits, and several audio or video files containing speeches delivered by professionals related to mind exercises that were translated, dubbed, or subtitled in Persian. The audio files of meditations were read in Persian. The Persian versions of all the media were examined in terms of content and face validity by a health psychologist and a general psychologist. One of the researchers is board certified in Hypnotherapy and holistic nursing. The exercise files were given to the intervention group via WhatsApp at the beginning of each week in the order mentioned in the main program, along with a logbook for writing down experiences and meditating on the exercises. The reason for implementing this program online was to avoid the participants’ gathering in a workshop at the time of the risk of transmission of COVID-19 disease and also the impossibility of holding face-to-face meetings where all the nurses in the intervention group could attend, due to the very busy work schedule caused by the epidemic. The intervention was performed by the first and second researchers and the other members of the team translated and prepared media in Persian and uploaded video files on the Persian language in Aparat which is an Iranian video sharing service. After sharing the readable and audio files with the WhatsApp group and posting the links of the video files of that week, group and individual guidance took place by sending short messages and two-person chats with each of the nurses to follow up and fix problems related to the exercises to be done in a given week. During this period, music files or training items on caring for patients with COVID-19 were provided to the control group. Two nurses who had not performed the exercises for more than one week during the study and one nurse who had left some items unanswered in the questionnaires in the post-intervention stage were excluded from the study. At the end of the seventh week, the Pittsburgh Sleep Quality Index (PSQI) was again completed online by the participants in both groups.
The collected data were analyzed using SPSS software (version 16). The participants’ demographic data were analyzed using descriptive statistics including mean, standard deviation, and frequency. The normal distribution of quantitative variables was assessed by the Kolmogorov-Smirnov test. Then, based on the objectives of the study, the Kruskal–Wallis, Mann–Whitney U, and chi-square tests were used.


Results 
The participants in this study were 41 nurses. Their mean age was 35.60±821 years. Besides, 34 (59.6%) participants were female and 7 (12.3%) were male. All nurses had a bachelor's degree. The mean of the participants' work experience was 7.97±5.55 years. The two intervention and control groups were homogenous in terms of gender (p = 0.23), age (p = 0.33), initial sleep quality score (p = 0.86), and other variables.
To assess sleep quality, the scores for the seven subscales and the total PSQI score were analyzed. A comparison of the scores of the subscales before and after the intervention for the participants in the intervention group showed the effectiveness of the mindfulness-based stress reduction program on subjective sleep quality (p = 0.002), sleep latency (p = 0.039), and habitual sleep efficiency (p = 0.046) among the participants in the intervention group. Besides, subjective sleep quality (p = 0.020), habitual sleep efficiency (p = 0.007) and total sleep quality score (p = 0.001) showed a significant increase after 8 weeks among the participants in the control group (Table 1). A comparison of changes in sleep quality score and its subscales before and after the intervention showed that only two components of sleep latency (p = 0.020) and subjective sleep quality (p = 0.000) were significantly different between the two groups. However, the total sleep quality scores and other subscales of sleep quality did not show any significant differences between the two groups (Table 2). 



Table 1: A comparison of the effectiveness of MBSR program on the sleep quality of the participants
	Subscales
	Control group 
	Intervention group 

	
	Pre-intervention mean (SD)
	Post-intervention mean (SD)
	Kruskal–Wallis value 
	Pre-intervention mean (SD)
	Post-intervention mean (SD)
	Kruskal–Wallis value 

	Subjective sleep quality
	1.45 (0.670)
	1.85 (0.812)
	0.02 
	1.35 (0.875)
	0.70 (0.845)
	0.002 

	Sleep latency 
	1.60 (0.820)
	1.90 (0.967)
	0.206 
	1.57 (0.746)
	1.28 (0.643)
	0.039 

	Sleep duration 
	2.00 (0.725)
	2.05 (0.686)
	0.564
	2.38 (0.669)
	2.28 (0.643)
	0.157

	Habitual sleep efficiency
	1.75 (0.786)
	1.90 (0.788)
	0.083
	1.66 (0.795)
	1.47 (0.980)
	0.046

	Sleep disturbances 
	1.15 (1.03)
	1.30 (1.30)
	0.083
	1.09 (1.22)
	1.14 (1.062)
	0.705

	Use of sleep medication
	0.80 (0.695)
	1.00 (0.468)
	1.157
	0.809 (0.980)
	0.7114 (1.00)
	0.317

	Daytime drowsiness
	0.85 (0.812)
	1.30 (0.732)
	0.007
	1.20 (0.695)
	0.714 (0.845)
	0.059

	Total score
	9.40 (2.30)
	10.6 (2.49)
	0.001
	9.90 (2.48)
	9.33 (3.15)
	0.084





Table 2: A comparison of the sleep quality scores of the participants in the two groups 
	Subscales
	Groups

	
	Intervention 
	Control 
	Mann–Whitney U

	Subjective sleep quality
	14.29
	28.05
	0.000

	Sleep latency 
	17.00
	25.20
	0.020

	Sleep duration 
	22.83
	19.08
	0.084

	Habitual sleep efficiency
	18.52
	23.60
	0.148

	Sleep disturbances 
	20.05
	22.00
	0.587

	Use of sleep medication
	18.14
	24.00
	0.118

	Daytime drowsiness
	16.48
	25.75
	0.050

	Total score
	18.07
	24.08
	0.105







Discussion 
This study explored the effect of online stress-based stress reduction program on sleep quality of nurses working in the COVID-19 intensive care ward. The results showed that sleep quality did not change among the participants in the intervention group before and after the intervention, but it increased significantly in the control group. The analysis of the sleep quality subscales showed that habitual sleep efficiency and subjective sleep quality increased significantly among the participants in the control group. Furthermore, subjective sleep quality, sleep latency, and habitual sleep efficiency were significantly reduced after the intervention among the participants in the intervention groups. Comparing the two groups, the changes in subjective sleep quality and sleep latency showed a significant difference between the two groups after the intervention. However, the changes in sleep quality and other subscales were not significantly different after the intervention between the two groups.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Studies on the sleep quality of nurses working in COVID-19 intensive care wards reported that poor sleep quality was very common, and the average total score of nurses' sleep quality was higher than the Pittsburgh Sleep Quality Index compared to nurses working in other words 31,32. Researchers have linked sleep quality to anxiety and depression caused by the epidemic 33. In the present study, the mean score of overall sleep quality and its subscales among the participating nurses were high so that only 4.9% of the nurses had the sleep quality index score below 5. This highlights the need for interventions to improve sleep quality in nurses working in COVID-19 care wards. At the time of conducting the study coinciding with the outbreak of the disease in Iran, the incidence and mortality of the disease were increasing. The city of Tehran, where the study was conducted, has been in an emergency and red status during this period 3. The studied hospital is one of the most important reception centers for patients with COVID-19 in the capital. Before the COVID-19 outbreak, this hospital, like other similar training hospitals, faced a shortage of nursing professionals and a high workload for its staff. The incidence of epidemics, the increase in the number of visits to hospitals, and the high mortality rate of the disease have increased job stress among nurses. The high average PSQI score among the participants in this study could be due to these factors. Similar studies on nurses caring for patients with COVID-19 reported fears of illness, fatigue from overwork, social isolation, and the resulting crisis as causes of sleep disorders and poor sleep quality in nurses 6,8,9,12,33,34.
According to a 2018 review study by Janssen et al., the mindfulness-based stress reduction program is associated with improving the sleep quality of working people, as confirmed by level-2 evidence 20. In the present study, the implementation of the program in the control group did not change the total score of sleep quality index, but interestingly, after 7 weeks of the implementation, the nurses in the control group had significantly higher sleep quality scores, which means their sleep quality was poor. It should be noted that during this period, the rate of admission and deaths due to the disease has been on the rise, as confirmed in official reports of the Iranian Ministry of Health. One possible reason was the reduction of social restrictions for occupations 3. This could justify the increase in the PSQI score.
The results of the present study were consistent with a study by Klatt et al. (2008) that showed an improvement in the subjective sleep quality, sleep latency and habitual sleep efficiency following the implementation of a mindfulness-based stress reduction program 35. However, the results of the present study concerning the use of sleep medication did not support the findings of the above study. Furthermore, Frank et al. (2013) showed the mindfulness-based stress reduction program improved all PSQI subscales, and the participants in the intervention group stopped taking sleep medication following the program 36. According to Klatt et al. (2008), improved subjective sleep quality was the most significant finding of their study 35. In fact, a systematic review by Janssen et al. (2018) on the impact of mindfulness-based stress reduction program on employees' mental health showed that MBSR intervention improved the scores of the majority of the PSQI subscales 20. The small number of participants in the present study was one of the factors that can affect the robustness of the findings. The escalation of the crisis caused by the epidemic and the consequent increase in the workload of nurses during the 7 weeks of the intervention can also account for these contradictory results. However, one of the prominent results of this study was a significant increase in the sleep quality index score in the control group and no change in the intervention group. In other words, the escalation of the crisis caused by the COVID-19 epidemic and its association with increased work stress, job stress, fear of infection, and other underlying factors in sleep disorders in nurses who experienced consciously coping with stress for 7 weeks could not change the quality of sleep 5.
The results of the present study concerning the improvement of subjective sleep quality are consistent with other studies 20,35. In fact, changes in the attitudes towards physical and emotional feelings about one’s sleep and accepting any inefficiency could account for this finding. While subscales such as sleep duration and sleep disturbances can depend on other environmental or physiological factors, subjective sleep quality is entirely dependent on one's attitude toward one's inner events. This subjectivity in mindfulness exercises that bring a person closer to being non-judgmental, receptive, and compassionate about feelings, emotions, habits, physical and mental symptoms, can lead to a more positive attitude toward his or her sleep quality. The present study showed that subjective sleep quality in the control group was significantly increased. This means that the escalation of the crisis caused by the COVID-19 epidemic and the work pressure and stress caused by it, have probably caused a decrease in the nurses’ subjective sleep quality.
Sleep latency was another component that was enhanced in the present study in the intervention group. In fact, according to the information that was obtained from the researchers’ conversations with the participants during the 7 weeks of the study, listening to the audio files of meditations and doing exercises before sleep time relieved the stress experienced by the nurses, making it easier for them to fall asleep. This observation is in line with the results of other studies on the positive effect of the mindfulness-based stress reduction program on sleep latency 20.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]The findings of the present study also indicated that the participants in the control group showed a significant increase in daytime drowsiness, while the participants in the intervention group did not show any increase for this component. In contrast, habitual sleep efficiency was significantly improved among the participants in the intervention group, while the control group did not demonstrate any improvement in habitual sleep efficiency. Both of these components were significantly improved in similar studies following the performance of mindfulness exercises.
The present study did not take any follow-up measure, thus, there is uncertainty about the long-term positive effects of the program. Furthermore, the small number of participants and the escalation of the COVID-19 crisis during the 7 weeks of the intervention program could affect the results as well as their generalizability.
Review and meta-analysis studies of the mindfulness-based stress reduction program have shown that this approach has health benefits and is effective on the ability of people to cope with health problems and job and daily stress experienced by them 20,37. In this study, the program was implemented online due to the conditions and restrictions caused by COVID-19 disease for the community and nurses. This online approach, in addition to complying with the conditions associated with the COVID-19 epidemic, is low cost and accessible and increases the adherence of nurses to the instructions offered in the program as there is no need for face-to-face attendance. Besides, the program can be implemented for nurses working in all shifts. Uploading files on a website makes it possible for participants to access them without any time restrictions. Besides, online training individually and in groups through mobile phone-based software that provides a space for conversation and file exchange, allows participants to have permanent access to the trainer. This cost-effective approach, which changes a person's attitude to stress by increasing awareness of life events, has direct benefits for nurses and indirect benefits for patients.

Conclusion
The present study highlighted the effectiveness of the MBSR program in improving the sleep quality of nurses working in COVID-19 intensive care wards. Given the insights from this study and the effect of mindfulness on nurses’ sleep quality, nursing managers are recommended to use psychological methods such as MBSR to promote the mental health of nurses working in high-stress wards dealing with COVID-19 patients. These techniques are affordable and effective even if they are offered online.
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