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Despite the abundance of literature highlighting poor sleep quality among medical students and

its detrimental impact on their mental well-being and academic performance, no study has been
conducted to investigate the sleep quality of undergraduate medical students in Rwanda to date.
Therefore, this study sought to determine the magnitude of sleep quality of undergraduate medical
students in Rwanda and to compare the scores of seven components of sleep quality across classes.
This cross-sectional study was conducted among 290 undergraduate medical students aged

18-35 years (mean =24, SD=2.9) randomly recruited countrywide from 1st November 2021 to 1st
March 2022. The questionnaire was self-administered with 2 sections: characteristics of medical
students, and Pittsburgh Sleep Quality Index (PSQlI). The Pearson Chi-square test was used to test
whether the categories of seven components of sleep quality differ between classes, then ANOVA
followed by the post hoc test was used to test if the seven components and global score of Pittsburgh
Sleep Quality Index differ between classes. The results revealed that the global PSQl mean score was
7.73 (SD =2.83), with fifth-year medical students reporting the highest PSQI mean score (M =8.44,
SD=2.77), followed by first-year (M =8.15, SD =3.31). One-way ANOVA showed that the global

PSQl score (F=2.76, p=0.028), subjective sleep quality (F=3.35, p=0.011), habitual sleep efficiency
(F=10.20, p<0.001), and daytime dysfunction (F=3.60, p =0.007) were significantly different across
classes. Notably, the post hoc test revealed significant scores differences in the global PSQl score
between class Il and V (p=0.026), in subjective sleep quality between class | and Il (p =0.043), and
between class | and IV (p =0.016); habitual sleep efficiency between class V and all other classes
(p<0.001); and daytime dysfunction between class Il and IV (p =0.023). This paper concludes by
arguing that poor sleep quality is highly prevalent among medical students in Rwanda, with final
and first-year students reporting the poorest sleep quality. There were significant differences across
classes in the global PSQI, subjective sleep quality, habitual sleep efficiency, and daytime dysfunction.
Intervention approaches such as sleep education, behavioral changes, and relaxing techniques

are recommended to address contributing factors and ultimately maximize the academic goals of
Rwandan medical students.

Abbreviations

AUCA Adventist University of Central Africa

IRB/CMHS Institutional Review Board of College of Medicine, and Health Sciences
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UGHE University of global health equity

UR University of Rwanda

Sleep quality is defined as one’s satisfaction with the sleep experience, which integrates aspects of sleep initiation,
sleep maintenance, sleep quantity, and awakening refreshment'. Though the modern world ignores sleep, sleep
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is deemed a basic human need occupying a third of human life**. To humans, sleep is as important as breathing,
eating, and urinating, and it is a necessary condition for physical and mental health*. Between 7 and 9 h of sleep
is reccommended for adults, and 9.5 h for teenagers>®. The deviation from this range is regarded as a disruption
of the sleep-wake cycle, which sometimes can lead to psychopathologies like sleeping disorders’. For medical
students, good sleep quality is essential to have the optimum cognitive function, memory, and decision-making
to excel and master their learning needs®. Unfortunately, several studies in the region and globally revealed that
medical students are more vulnerable to poor sleep quality than non-medical students perhaps due to the long
duration and high intensity of study®'2.

In Nepal, the prevalence of poor sleep quality among medical students was 44.2% which was higher compared
to that of non-medical students, 30.3%?2. More other global reviews reported that sleep disturbances affect 41% of
participating students in Iran, 70% in Hong Kong, and 90% in China®. In Sub-Saharan African (SSA) countries
like Ethiopia, and Nigeria, 62%, and 32.5% of medical students experienced poor sleep quality respectively'>'.
Being over-stressed due to intensive learning periods with limited break time, having a daily schedule full of
academic lectures, hospital activities, and painful emotional events such as dealing with patients who are severely
suffering or dying are the most reported factors associated with poor sleep quality among medical students!*-1°.
Furthermore. participation in internships and subclinical depression have been also reported to lead to sleep
deprivation and thus poorly affect their sleep quality’. Though medical students may not consider sleep as a
top priority due to their academic requirements, scholars have demonstrated that poor sleep quality is associ-
ated with psychiatric disorders, physical problems, impairment in job performance, decreased work efficiency
and learning disability'®"”. Further studies highlighted that sleep deprivation among medical students leads to
sleepiness during the daytime, which may contribute to medical errors, road traffic accidents, and a decrease in
academic performance®!>18,

Medical students in post-conflict and low-income countries, such as Rwanda, may be more likely to report
poor sleep quality associated with high mental health disorders and trans-generational trauma from their harm-
ful past experiences or the experiences of their parents'?, in addition to a wider range of circumstances hold-
ing a potential life threat to the population in this region, as seen in the burden of disease studies®’. However,
despite the substantial literature associating mental health problems such as depression, and post-traumatic stress
disorders (PTSD) symptoms with poor sleep quality®??-?%, no study has assessed sleep quality among medical
students in Rwanda ‘a post-genocide and low-income country’ where mental health disorders may be extremely
high, yet this area of research is an important indicator of the quality of life and biopsychosocial well-being!*.
This study, therefore, aimed to determine the magnitude of sleep quality of undergraduate medical students
in Rwanda and to compare the seven components and global score of Pittsburgh Sleep Quality Index between
classes. In this study, we hypothesized that the medical students in year 1 would have worse sleep quality than
those in the second year and above. Year 1 medical students may encounter a lot of challenges like new schedules,
unfamiliar environments, and academic demands; therefore, cutting down their sleep to adapt to these heavy
workloads®. This study will contribute to the scientific community and organizations working with medical
students in Rwanda, “a post-conflict country” and similar settings by initiating effective intervention strategies.
The findings of this study will help the concerned parties like policymakers or decision-makers in developing
health strategies for promoting health through sleep hygiene programs not only among medical students but
also among healthcare students in general.

Methods

Study design. A cross-sectional study design was conducted from 1st November 2021 to 1st March 2022 to
assess the magnitude of sleep quality of undergraduate medical students in Rwanda and to compare the seven
components and global score of Pittsburgh Sleep Quality Index between classes.

Study population and settings. Rwanda is a Sub-Saharan African country located in the East Africa,
covering a land area of 26,338 km?. The country is divided into four provinces (East, West, South, and North), as
well as the capital city, Kigali. It is the country that has three Higher Learning Institutions including the Univer-
sity of Rwanda (UR); the Institute of Legal Practice and Development (ILPD), Rwanda’s dedicated postgraduate
institution for legal education; and Rwanda Polytechnic (RP). Regarding medical programs, it has 3 medical
schools including one for a public institution found at the University of Rwanda and 2 from private institutions:
the University of Global Health Equity (UGHE) and the Adventist University of central Africa (AUCA). Rwan-
dan medical school began at the former National University of Rwanda, which is now part of the University of
Rwanda, College of Medicine and Health Sciences, School of Medicine, and Pharmacy. It is the largest medical
school to date, offering both undergraduate and postgraduate programs. It has three campuses including the
REMERA campus located in Kigali city, HUYE campus located in the southern province, and the GAKO campus
located in the Eastern province.

Sample size and sampling technique. A list of registered medical students for the academic year 2021~
2022 was obtained from the Deans of the School of Medicine at each university. The total number of students was
1062, with 960 from UR, 66 from UGHE, and 36 from AUCA. The sample size was calculated using Yamane

formula: nY = Lez, where “N” stands for ‘population size, and “¢” for Alpha level (e=0.05) at the confidence
interval of 95%.nY = % = 290%. A disproportionate stratified sampling technique led to 253 partici-

pants enrolled from UR, 31 from UGHE, and 6 from AUCA.
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Data collection and measurements. Data were collected by trained data collectors from November
1st, 2021, to March 1st, 2022. All medical students enrolled at one of the three universities were included in the
study. However, medical students under 18 years of age were not included as a tool used in this study to assess
the sleep quality of medical students is designed for adults*>?®. Moreover, as in previous studies, medical students
with a chronic medical condition were excluded”. A chronic medical condition was a self-reported presence
of one of the following: non-communicable disease or bronchial asthma?’. Twelve of the 302 medical students
approached were excluded because six had asthma, one had bipolar disorder, and five refused to participate. The
study employed a self-administered questionnaire consisting of two sections: characteristics of medical students
and the Pittsburgh Sleep Quality Index (PSQI) as described below:

Characteristics of medical students. The characteristics of medical students were gender, age in years,
university, class, scholarship, clinical rotations, accommodation, living with a roommate, smoking habits, class
attendance, studying in team, and self-reported academic score.

The Pittsburgh Sleep Quality Index (PSQI). PSQI is a 19-item psychometric instrument used to assess
participants’ sleep quality. This instrument presents a high internal consistency (a=0.81) with a predictive valid-
ity cut-off point of a PSQI score>5 showing 89.6% sensitivity and 86.5% specificity for identifying poor sleep
quality®. It is an effective instrument that measures the quality and patterns of sleep-in adults, differentiating
poor from good sleep quality by measuring different aspects of sleep disturbance during the past month?. In
the context of the current study, this tool demonstrated a satisfactory internal consistency (Cronbach’s Alpha,
a=0.87). The PSQI has 19 items grouped into seven components: (a) subjective sleep quality, (b) sleep latency,
(c) sleep duration, (d) habitual sleep efficiency, (e) sleep disturbances, (f) use of sleeping medications, and (g)
sleep dysfunction?. Each component is scored on the 4-point Likert scale (0-3) with "0" implying no difficulty,
whereas a "3" denotes extreme difficulty. These components together yield one global score, with a range of
0-21 points, "0" indicating no difficulty and "21" indicating severe difficulties in all areas. The scores of sleep
disturbances, use of sleep medication, and daytime dysfunctions were classified as follows: 0=none, 1=mild,
2=moderate, and 3 = severe to indicate the level of impairment in these components.

Data analysis. Statistical Package for Social Sciences (SPSS) version 25.0 was used to conduct the statistical
analysis. The results of the computation of descriptive statistics were shown as frequencies and percentages. The
categories of each of the seven components of sleep quality were compared across all classes using the Pearson
Chi-square test of independence (y?), whilst the scores of the seven components of PSQI and global PSQI
score were compared using ANOVA followed by Post Hoc Tukey Test. A two-tailed =0.05 was employed in all
analyses. In cases of multiple testing, we adjusted the a-level using a Bonferroni correction to avoid a-inflation?.

Ethical declaration. The Helsinki Declaration of 1975, as amended in 2008, and the national and institu-
tional committee on human experimentation’s ethical requirements are both upheld by this study?. The ethical
clearance was requested and approved by the Institutional Review Board of the College of Medicine and Health
Sciences (IRB/CMHS) at the University of Rwanda under the reference number CMHS/IRB/284/2021.

Consent to participate. Participants voluntarily consented to participate. The study participants provided
their informed consent after adequate information about the study. Additionally, confidentiality was guaranteed.

Results

Socio-demographic characteristics of medical students. The study involved 290 medical students
aged 18-35 with an average of 24, SD =2.9. Male participants were 169 (58.3%) and 121 (41.7%) were female. A
total of 253 (87.2%) were selected from UR, 31 (10.7%) from UGHE, and 6 (2.1%) from AUCA. More partici-
pants were in the 4th year, 120 (41.4%), while 58 (20%) were in the 5th year, 44 (15.2%) were in the 3rd year, 42
(14.5%) were in the 2nd year, and 26 (9%) were in the 1st year. The majority, 259 (89.3%) had a scholarship but
31 (10.7%) were self-sponsored. During the study period, 156 (53.8%) were in clinical rotations/clinical clerk-
ship, 170 (58.6%) were accommodated on campus, slightly a quarter 67 (23.1%) rented houses while 53 (18.3%)
were staying in their family. The majority, 202 (69.7%), were living with a roommate. The study found only 2
medical students (0.7%) who reported being smokers. The majority reported that they attend class regularly 264
(91%) while 26 (9%) were attending class irregularly. More than half participants, 154 (53.1%) reported that their
academic grade was between 71 and 80%. When asked how many times they studied in a team, 210 (72.4%) par-
ticipants reported sometimes, 36 (12.4%) all the time, 37 (12.8%) only when assigned to group work, whereas 7
(2.4%) reported having never studied in the team (Table 1).

Distribution of participants by sleep quality components and classes. Of the 290 students, 64
(22%) respondents reported having very good sleep quality whereas 167 (57.6%) experienced fairly good sleep
quality. More than half, 155 (53.5%) reported falling asleep in more than 15 min, and, the majority, 202 (70%)
slept 5-6 h per night. The habitual sleep efficiency was less than 65% among 197 (68%). Mild and moderate
sleep disturbances were observed in 152 (52%) and 93 (32%) respectively. Only 19 (6.6%) used sleeping medica-
tions and 211 (73%) presented daytime sleep dysfunctions. Generally, the results indicated that 231 (80%) had
poor sleep quality. Subjective sleep quality ranging from fairly good to very good among second-year students
was standing at 27 (64.3%) and 10 (23.8%) respectively. However, 20 (34.5%) in the fifth year reported their
subjective sleep quality as fairly bad. Second-year students were taking more minutes to fall asleep, there were
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Variables Frequency | Percent
Gender

Male 169 58.3
Female 121 41.7

Age (years)

<18 20 6.9
19-24 205 70.7
25-30 58 20
31-35 7 2.4
University

UR 253 87.24
UGHE 31 10.7
AUCA 6 2.1
The academic level of study

1st year 26 9
2nd year 42 14.5
3rd year 44 15.2
4th year 120 41.4
5th year 58 20
Scholarship

Yes 259 89.3
No 31 10.7
Clinical rotation

Yes 156 53.8
No 134 46.2
Accommodation

Campus 170 58.6
Rent house/room 67 23.1
Home 53 18.3
Living partner

Living alone 25 8.6
Living with family 63 21.7
Living with roommate 202 69.7
Smoking habits

No 288 99.3
Yes 2 0.7
Class attendance

Regular attendance 264 91
Irregular attendance 26 9

Studying in team

Sometimes 210 72.4
All the time 36 12.4
Only during group assignment 37 12.8
Never 7 2.4

Self-reported academic score (%)

50-60 21 7.24
61-70 77 26.55
71-80 154 53.1
>80 38 13.1

Table 1. Characteristics of participants. UR: University of Rwanda, UGHE: University of Global Health Equity,
AUCA: Adventist University of Central Africa.

7 (25.4%) who took more than 30 min to fall asleep. Contrary, 106 (88.4%) students in the fourth year took
30 min or less. Most of the fifth-year medical students were sleeping 5-6 h per night, 44 (74.6%) while 6 (23.1%)
in the first year were sleeping 6-7 h. The habitual sleep efficiency of 21 (50%) and 1 (2.4%) second-year students
was 2 85% and 75-84% respectively. However, 53 (91.4%) in the fifth year was less than 65%. Sleep disturbances
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were more prevalent among fourth-year students, whereby a total of 73 (60.8%) and 33 (27.5%) had mild and
moderate sleep disturbances respectively. The use of sleeping medications was more prevalent among the first-
year students, 3 (11.5%) while sleep dysfunctions were more prevalent among third-year students 40 (91%). In
general, poor sleep quality was more prevalent among first, and fifth-year medical students, 21 (80.8%) and 50
(86.2%) respectively. The Chi-square test revealed that subjective sleep quality, sleep duration, habitual sleep
efficiency, sleep disturbances, and daytime dysfunction were significant across classes (X2 =34.17, p<0.001;
x*=22.51; p=0.032, (x*=46.58, p<0.001); (*=16.84, p<0.032; x*=33.35; p<0.001) respectively (Table 2).

The descriptive statistics indicated that the fifth-year students had the highest Global PSQI mean score
(M =8.44, SD=2.77), followed by year I (M =8.15, SD =3.31), year III (M =8, SD=3.03), Year IV (M=7.6,
SD=2.65) and year II (M =6.64, SD =2.63). These results indicate that participants in year V and year I presented
the worst sleep quality compared to those from other classes. The use of sleeping medication had the lowest mean
score (M =0.09, SD =039) indicating the least problems while habitual sleep efficiency had the highest mean
score, (M =2.06, SD = 1.38), indicating more problems.

Year I Year II Year III | Year IV Year V Pearson Chi-square
Sleep quality component n (%) n (%) n (%) n (%) n (%) x> p-value
Subjective sleep quality
Very good 1(3.8) 10 (23.8) | 6(13.6) 33 (27.5) 14 (24.1) |34.17
Fairly good 16 (61.5) |27 (64.3) |31(70.5) |69 (57.5) 24 (41.4) <0001
Fairly bad 7(269) |5(11.9) |4(9.1) 15(12.5) | 20 (34.5)
Very bad 2(7.7) 0 (0) 3(6.8) 3(2.5) 0 (0)
Sleep latency (min)
<15 12 (8.9) 20 (47.6) |16 (36.4) |59 (49.2) 28 (48.3) |10.47
16-30 12(462) |15(357) |22(50) |47(39.2) |23(39.7)
31-60 0(0) 6(14.3) 6(13.6) 10 (8.3) 5(8.6) 0373
>60 2(22.2) 1(11.1) 0(0) 4(3.3) 2(3.4)
Sleep duration (h)
>7 0 (0) 2(4.9) 0 8(6.7) 0 (0) 22.51
6-7 6(23.1) 9(22) 3(6.8) 13 (10.8) 8(13.5) 0.032*
5-6 13 (50) 27 (65.9) |33 (75) 85(70.8) 44 (74.6)
<5 7(269) |3(7.3) 8(18.2) |14(11.7) |7(11.9)
Habitual sleep efficiency (%)
=85 12 (46.2) |21 (50) 22 (50) 28 (23.3) 5(8.6) 46.58
75-84 1(3.8) 1(2.4) 0(0) 0(0) 0(0)
65-74 0(0) 0(0) 0(0) 3(2.5) 0(0) <0001
<65 13 (50) 20 (47.6) |22 (50) 89 (74.2) 53 (91.4)
Sleep disturbances
None 5(19.2) |5(11.9) |6(13.6) |[14(1L7) |15(25.9) |16.84
Mild 9 (34.6) 27 (64.3) |21(47.7) |73(60.8) 22 (37.9) 0.032*
Moderate 12 (46.2) |10(23.8) |17(38.6) |33(27.5) 21(36.2)
Severe 0(0) 0(0) 0(0) 0(0) 0(0)
Sleeping medication
None 23(88.5) |40(95.2) |42(95.5) |110(91.7) |56 (96.6) 9.46
Mild 1(3.8) 2(4.8) 2 (4.5) 6 (5) 2(34) 0664
Moderate 1(3.8) 0(0) 0(0) 3(2.5) 0(0)
Severe 1(3.8) 0(0) 0(0) 1(0.8) 0(0)
Daytime dysfunction
None 7(269) |6(143) [4(9.1) 43(358) |19(32.8) |33.35
Mild 7 (26.9) 26 (61.9) |23(52.3) |50 (41.7) 23(39.7) <0001
Moderate 7 (26.9) 9 (21.4) 15(34.1) |24 (20) 12 (20.7)
Severe 5(19.2) |1(24) 2(4.5) 3(2.5) 4(6.9)
Total PSQI global score 3.33
PSQI > 5, poor sleep quality 21(80.8) |30 (71.1) |35(79.5) [95(79.2) 50 (86.2) 0.504
PSQI <5, good sleep quality 5(19.2) 12 (28.6) |9(20.5) 25 (20.8) 8(13.8)

Table 2. Distribution of respondents by sleep quality components and classes. PSQI: Pittsburgh Sleep Quality
Index, x % Pearson Chi-square value. *Statistical significance at p <0.05; **Statistical significance level at
P <0.01; ***Statistical significance at p <0.001.

Scientific Reports |

(2023) 13:265 | https://doi.org/10.1038/s41598-023-27573-9 nature portfolio



www.nature.com/scientificreports/

Comparison of the seven components and the global score of Pittsburgh Sleep Quality
Index. The results of one-way ANOVA indicated a significant difference in the scores of sleep quality of
medical students belonging to different classes for the seven components of sleep quality and PSQI total score:
Subjective sleep quality (F=3.35, p=0.011), habitual sleep efficiency (F=10.20, p <0.001), daytime dysfunction
(F=3.60, p=0.007), and PSQI global score (F=2.76, p=0.028). However, no significant difference found in
the scores for sleep latency, sleep duration, sleep disturbances, and use of sleeping medication (Table 3).

Significance of the seven components and the global score of Pittsburgh Sleep Quality Index
between classes. As in our case, the data exhibit equal variance (as suggested by Lavene’s Statistics), Post
Hoc test was selected to determine which classes were significantly different from others. There were signifi-
cant scores differences in subjective sleep quality between class I and II (p=0.043) and between class I and
IV (p=0.016); habitual sleep efficiency between class V and all other classes (p<0.001); daytime dysfunction
between class III and IV (p=0.023) and the PSQI global score between class IT and V (p=0.024) (Table 4).

Discussion

This study evaluated the sleep quality of undergraduate medical students in Rwanda using the Pittsburgh Sleep
Quality Index (PSQI) and compared the seven components and global score of Pittsburgh Sleep Quality Index
across classes. We found a high prevalence of poor sleep quality, 80%, with a significant difference between classes
where 86.2% and 80.8% of final and first-year students respectively had poor sleep quality. Our results replicate
the findings of studies conducted in Kazakhstan and Brazil which respectively reported that 79.2% and 80.95%
of medical students had poor sleep quality**". However, the current study’s prevalence of poor sleep quality is
comparatively higher than what has been reported in similar studies®'**>*!. In Malaysia and Saudi Arabia, 44.23%
and 63.2% of medical students reported poor sleep quality respectively®?2. In SSA countries like in Ethiopia and
Nigeria, 55.8% and 32.5% medical students respectively had poor sleep quality’**!. The current study’s poor
sleep quality may be explained by the stress levels that medical students in Rwanda experience®?, post-conflict
situations?® or the COVID-19 pandemic that heightened online learning®***. like our study, research from North
India found that first-year students reported having worse sleep quality®®. The poorest sleep quality reported
among final and first-year students may be justified by several clinical rotations that come with financial distress
during this period for final-year students, and countless encountered challenges like new schedules, unfamiliar

Sleep component Mean square | Fvalue | p-value
Subjective sleep quality 1.65 3.35 0.011*
Sleep latency 0.12 0.20 0.941
Sleep duration 0.87 2.20 0.070
Habitual sleep efficiency | 17.21 10.20 <0.001%%*
Sleep disturbances 0.23 0.50 0.733
Sleeping medication 0.25 1.64 0.164
Daytime dysfunction 247 3.60 0.007**
PSQI global score 21.27 2.76 0.028*

Table 3. Comparison of the seven components and the global score of Pittsburgh Sleep Quality Index.
*p<0.05; ¥*p<0.01; ***p <0.001; PSQI: Pittsburgh Sleep Quality Index.

Class CompI | ComplIl | CompIIl | CompIV | CompV | Comp VI | Comp VII | PSQI
Class I'vs Class IT 0.043* 0.909 0.740 0.791 0.372 0.613 0.199 0.264
Class I vs Class I1I 0.918 0.674 0.074 0.905 0.908 0.561 0.831 0.903
Class I vs Class IV 0.016* 0.839 0.078 0.092 0.447 0.212 0.063 0.855
Class I'vs Class V 0.907 0.913 0.320 <0.001*** | 0.298 0.34 0.609 0.569
Class I vs Class IIT 0.167 0.726 0.092 0.801 0.368 0.98 0.061 0.395
Class II vs Class IV 0.881 0.686 0.079 <0.001*** | 0.745 0.249 0.215 0.889
Class II vs Class V 0.119 0.789 0.296 <0.001*** | 0.909 0.888 0.126 0.024*
Class IIT vs Class IV 0.124 0.401 0.319 <0.001* 0.442 0.249 0.023* 0.958
Class II vs Class V 0.929 0.516 0.239 <0.001%%* | 0.277 0.888 0.513 0.41
Class IV vs Class V 0.709 0.909 0.368 0.001*** 1 0.611 0.148 0.343 0.497

Table 4. p-values of comparison of mean score of the seven components and the global score of Pittsburgh
Sleep Quality Index between classes. *p <0.05; **p <0.01; ***p <0.001; Comp I subjective sleep quality, Comp II
sleep latency, Comp III sleep duration, Comp IV habitual sleep efficiency, Comp V sleep disturbances, Comp VI
use of sleeping medications, Comp VII daytime dysfunction.
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environments, and academic demands for first-year medical students®*2. Consistently, scholars revealed that

last year’s medical students encounter financial trouble that raises their stress levels®, in turn worsening their
sleep quality®. Thus, actions must be taken among final-year students in Rwanda to address this grave problem
since their poor sleep quality may jeopardize the lives of the patients they monitor during their clinical rota-
tions. Similarly, first-year medical students need induction activities to promote their health for sleep hygiene.

Despite the recommendation that sleep duration per night should be 7 h or above for younger adults™®, our
study participants slept 5.5 h per night (on average) with 87% sleeping fewer than 7 h. In congruence with our
findings, studies conducted in Saudi Arabia, and Slovenia showed that medical students respectively slept 5.8 h
and 5.84 h on average'®*”. Moreover, our results were in line with the findings that 87.6% of medical students slept
less than 7 h per night in Pakistan'. Worryingly, sleep less than 7 h is associated with poorer general health and
increased risk or presence of disease®. It has been also studied that sleep deprivation among medical students
leads to sleepiness during the daytime and contributes to medical errors, road traffic accidents, and a decrease in
academic performance'®. Regrettably, more than half (53.5%) in the current study had difficulties falling asleep,
taking longer than 15 min. Comparatively, a higher proportion of medical students in Saudi Arabia (65.1%) and
Brazil (72%), respectively, reported taking more than 15 min to fall asleep®®*. The predictors of sleep difficulties
among Mexican medical students have been found as symptoms of stress, anger, worry, cognitive hyperarousal,
and hypervigilance*’. Similarly, medical students in Rwanda reported mild to moderate levels of stress*’. Never-
theless, medical students still sacrifice their sleeping hours to study because of their excessive academic burden'.
Therefore, open discussions between medical students and academic staff are needed to identify ways to alleviate
potential causes that contribute to fewer hours of sleep among medical students in Rwanda.

Mild to moderate sleep disturbances were found among 84.5% of medical students in the current study.
Comparatively, this rate is higher than the global prevalence of sleep disturbances (76.8%) in medical students*.
These results are also higher compared to a study conducted at an Italian University revealing that 63% of medical
students had symptoms of sleep disturbances’. However, the results from this study are lower than those shown in
similar African studies in Ethiopia (95.1%) and Egypt (93.4%)°"*. Though the current study reported lower sleep
disturbances compared to other African countries, the rate is still worrisome, and thus, it should be kept much
lower because of the studied relationship between sleep disturbances, and academic performance®. According to
some literature, issues of sleep disturbances are the possible markers of current and future psychiatric problems
among medical students*>*%. Further studies also documented that sleep disturbances among medical students
not only put them at risk of psychiatric problems but also affect their cognitive skills, emotional intelligence, and
academic performance'?. The current study also revealed that daytime dysfunctions were at 73% with significant
differences between classes, notably between class IIT and IV (p=0.023), in which third-year students reported
more daytime dysfunctions than others, 91%. The results of a significant difference in daytime dysfunctions
between different classes agree with a study in Brazil that revealed similar findings*. However, the prevalence is
higher compared to a study conducted in Jordan that found a prevalence of 50%°. Daytime sleep dysfunctions
are known to cause medical errors and decrease academic performance'. In Rwanda, measures such as regular
counseling and education to address daytime sleep dysfunctions among medical students are critical to prevent
medical errors as well as improve their behaviors and lifestyle for better academic performance.

Despite a higher prevalence of poor sleep quality in the current study, 79% of medical students classified
their subjective sleep quality from fairly to very good. However, their habitual sleep efficiency was found poor
whereby 68% of medical students had less than 65% of habitual sleep efficiency. This component was found to be
even the most impaired sleep component, which is contrary to an Iranian study which found that habitual sleep
efficiency was the best sleep component'!. Close to our findings, a study in Saudi Arabia reported that 76.1% of
medical students classified their subjective sleep quality from fairly good to very good™®. Also, in India, 74.7%
reported their subjective sleep quality from fairly to very good®. Contrary to our findings, in Malaysia, 76.1%
of medical students had better habitual sleep efficiency which was above 85%°®. Lack of enough recreational les-
sons in their annual curriculum and unpredictable school activities as reported in a study in Rwanda might be
some of the reasons for this difference®. The current study found that both subjective sleep quality and habitual
sleep efficiency were significantly different between classes with final-year students significantly presenting the
poorest habitual sleep efficiency. These results are in line with previous studies done in India and Brazil which
also found these components significantly different among various phases of medical course®**. Moreover, they
agree with a prior study conducted in North India which reported that first-year medical students had worse
subjective sleep quality compared to other classes*. More medical students in the first year 34.6%, significantly
experienced a worse subjective sleep quality and this is close to a study in India which found that 35.4% first year
medical students reported poor subjective sleep quality®®. The probable reasons might be that first-year medical
student are provided several tasks while they are being reintegrated in a new community which could challenge
them in combining several tasks.

Remarkably, the current study found lower use of sleeping medication at 6.6%. When compared to other sleep
components, it was even the least impaired. Like our findings, 6.3% and 6% in India and Nepal respectively used
sleeping medications****. Contrarily, higher rates of the usage of sleep medications among medical students were
previously reported in Jordan at 21.4%*. Similarly, in Saudi Arabia, 24.9% of medical students reported using
sleeping medication®. In Ethiopia, the use of sleeping medication among medical students was standing at 8.8%'.
The minimal usage of sleeping medications in the current study is a relief, as sleeping medications have been
shown to impair sleep structure and both physical and psychological dependence often follow the use of sleeping
medication?. That is why even the least usage reported in the current study should be investigated and addressed.
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Strengths and limitations

This study was the first of its kind conducted to the best knowledge of the authors. It was conducted countrywide,
and this gives strength to the study as it presents a general picture of the sleep quality among medical students
in Rwanda. However, we experienced some limitations: First, though this study used a self-reported scale meas-
uring sleep quality that is psychometric sound as well as fitting well with our context, the participants might
give socially desired answers on sensitive questions or not correctly respond some questions as they might not
understand*®. Second, during this study, the education sector was recovering from delays caused by lockdowns
of COVID-19, thus medical students had both online and virtual classes that could affect their sleep quality.
Third, because this study did not examine the factors that might contribute to poor sleep quality among medical
students, more research is needed to examine these factors among medical students in Rwanda.

Conclusion

In overall, the prevalence of poor sleep quality was alarming in medical students with some participants report-
ing using medication to fall asleep. Most medical students had less than recommended hours of sleep and their
habitual sleep efficiency was the most impaired. However, final-year and first-year students experienced the
poorest sleep quality compared to other classes. A large number of medical students suffer from mild to severe
daytime dysfunctions. Despite overall poor sleep quality, we found lesser use of medications to fall asleep. Based
on these findings, intervention methods such as sleep education, behavioural changes, and relaxation techniques
are suggested to address the factors that contribute to poor sleep quality. To address this sleep issue, it is also
critical that health promotion policies and strategies, particularly those focusing on healthy sleep hygiene, can
be implemented. Though factors linked to modern technologies like the use of social media or more time spent
on screens are globally known as the main factors leading to poor sleep quality among medical students'",
future studies should consider psychosocial, and environmental factors that contribute to poor sleep quality
among medical students, as well as conduct a prospective study to determine the cause-effect relationship of
risk factors for poor sleep quality.

Data availability
All relevant data were included in the manuscript. However, data may be shared upon reasonable request and
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