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Brief summary 
 
Hypothesis: Kiwifruit contains antioxidants and serotonin which may be beneficial in the treatment 

of sleep disruption. Aim: to assess the effects of daily intake of kiwifruit on sleep quality, fatigue, 

and BMI among Saudi adults with poor sleep quality. Methods: Twenty-six female participants 

(14 cases, and 12 controls) were included. All participants were aged ≥18 years and were Saudi 

and had poor sleep quality.  Pregnant, lactating and participants with any chronic diseases such as 

cardiovascular or neurological diseases, and history of using herbal or medications for inducing 

sleep for the last two months were excluded.  Participants in the case group consumed 2 kiwifruits 

1 hour before bedtime nightly for 6 weeks and the control group did not consume kiwifruit. The 

Pittsburgh Sleep Quality Index (PSQI) questionnaire was used to assess sleep quality before and 

after kiwi consumption (score ≥ 5 indicates poor sleep quality), Fatigue Severity Scale (FSS) was 

used to assess fatigue and anthropometrics were measured based on the WHO guidelines. After 6 

weeks, sleep quality, fatigue and BMI were compared between cases and controls. Kiwifruit 

consumption may improve sleep quality in adults with self-reported poor sleep quality. Further 

investigation of the sleep promoting properties of kiwifruit is required. 

 
 

  



3 | P a g e  
 

Introduction  
People spend almost one third of their lives in sleep and it is one of the main contributors to our 

life and wellbeing [1]. Sleep quality has several components including sleep duration, timing, 

efficiency (time in bed spent asleep) and latency (the amount of time it takes to fall asleep).  Sleep 

disruption may be defined as any change in the components of sleep quality [2]. A cross-country 

comparative analysis reported the economic cost of insufficient sleep from 62,000 people in UK, 

US, Canada, Germany, and Japan. Insufficient sleep costs $411 billion annually for the US, $138 

billion for Japan, £40 billion for UK, $60 billion for Germany, and $21 billion for Canada [3]. No 

study has measured the economic cost of sleep disruption in Saudi Arabia. This may be due to the 

fact that sleep medicine is relatively a new specialty in the medical community [4].  

 

The National Sleep Foundation recommends different sleep durations for individuals according to 

age. Adults aged between 18–64 years are recommended to sleep 7–9 h/day [5]. In Saudi Arabia, 

33.8% of adults sleep less than 7 hours, and this was shown in women more than men [6]. In meta-

analyses, short sleep duration has been associated with an increased risk of obesity [7] [8]. Sleep 

disruption has been shown to increase the risk of cancer [9][10], type 2 diabetes mellitus [7], 

cardiovascular disease and coronary heart disease [11]. Furthermore, sleep disruption has been 

associated with an increased risk of mortality [7,12,13]. Collectively, sleep disruption has 

detrimental economic and health consequences and identifying the factors that may improve it is 

a public health priority. Thus, using interventions to improve sleep quality may help reduce disease 

risk and occurrence. 

 

Nutritional research studied the effects of micro and macronutrients and whole foods on sleep 

measures. Micronutrients studied in relation to sleep included tryptophan, zinc, B-vitamins and 

polyphenols [14]. A recent systematic review explored the effects of macronutrient manipulation 

on sleep outcomes. Manipulating carbohydrate intake appeared to alter sleep outcomes in healthy 

individuals [15]. Several food items were studied in relation to sleep outcomes including fish [16] 

tart cherry juice and products[17–20] and kiwi fruit [21,22]. Despite these studies, nutritional 

advice that can be recommended for sleep hygiene is inconclusive due to limited interventional 

studies.  
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Recently, kiwifruit has gained interest in regards to sleep outcomes [23]. This may be due to the 

potential mechanisms of kiwifruit on sleep. Kiwifruit contain melatonin [24] which is important 

for regulating the circadian rhythms and sleep cycles [25]. Another potential mechanism is the 

high content of polyphenols, antioxidants, flavonoids, carotenoids, and anthocyanins that may 

decrease oxidative stress in people with sleep disorders or poor sleep quality. Furthermore, 

polyphenols may influence sleep through their effects on circadian rhythms, clock gene 

expression, and peripheral clocks [2]. Kiwifruits contain a protein named actinidin which is 

involved in precursors of neurochemicals required for sleep-wake regulation. In addition, kiwifruit 

is rich in folate and vitamin c which are essential in the metabolism of amino acids into 

neurochemicals [23]. Regardless of the potential mechanisms of kiwifruit on sleep, only two 

interventional studies were conducted [21,22] to explore this relationship. However, the study 

conducted by Lin et al. did not include a control group [21] and the intervention period in Nødtvedt 

et al. study was only 4 weeks [22].  

Therefore, we designed the study with the purpose of replicating the study with a control group 

and a longer intervention period to investigate whether kiwi has beneficial properties on sleep. We 

conducted a randomized, controlled trial addressing whether intake of kiwifruit would improve 

sleep parameters in a Saudi student population with poor sleep quality.  

 

This study aims to 1) compare between sleep, fatigue and BMI in cases and controls at the start 

of the study and after 6 weeks in Saudi adults 2) Study the effects of kiwifruit consumption on 

sleep quality, fatigue, and BMI in Saudi adults.  

 

Study Hypothesis: Kiwifruit intake may improve sleep quality, fatigue and decrease BMI 
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Materials and methods  
Study design: a pilot randomized controlled trial (Figure 1.) 

 

Figure 1. Methodology and study design  

 
Legend: FSS: Fatigue Severity Scale, PSQI: The Pittsburgh Sleep Quality Index, SR: Saudi Riyal, 

UQU: Umm Al-Qura University  

 

Participants: The study included university students aged ≥ 18 years with poor sleep quality from 

Umm Al-Qura University, Makkah, Saudi Arabia. Ethical approval was obtained from the 

Biomedical Research Ethics Committee at Umm Al-Qura University. No. HAPO-02-K-012. This 

study was carried out in accordance with the principles of the Helsinki Declaration. Participants 

were recruited through email and several social media platforms including WhatsApp™ and 

Twitter™ by a flyer between January-February 2022. Participants were invited to a screening visit 

(30-45 minutes) at Umm Al-Qura University Nutrition clinic to assess eligibility. In the screening 

visit, researchers explained the study aims and provided participants with a consent form and a 

kiwifruit consumption diary if eligible (Figure 1.).  

 

Recruitment status: Completed  

 

Inclusion/exclusion criteria: Eligibility to participate in the study; aged ≥ 18 years, have poor 

sleep quality that was assessed in the screening visit by the PSQI (a score of at least 5) (Kim et al. 

2020; Tsai et al. 2005). Pregnant and lactating women were excluded due to their poor sleep quality 

[26],[27]. In addition, participants with any chronic diseases such as cardiovascular or neurological 
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diseases, and history of using herbal or medications for inducing sleep for the last two months 

were excluded.  

Eligible participants signed a consent form for their agreement to participate and they were 

informed that their participation will be anonymous. After that, they were asked by the researchers 

a group of questions including demographic, fatigue questions, sleep quality and their height and 

weight were measured. Eligible participants were randomized by a lottery-based method to 

randomize the participants into two groups: a case or control group. After 6 weeks, eligible 

participants (cases and controls) attended a second visit.  

 

Questionnaires:  

A questionnaire was created to be filled in by the participants in both visits (Figure 1). The 

questionnaire included a brief introduction and a consent statement “I agree to participate in this 

study. Before finishing the trial, I can freely and without consequences terminate my 

participation”. In addition, it included demographic questions, sleep quality questionnaire (PSQI) 

and the Fatigue Severity Scale (FSS).  

 

Sleep quality  

Sleep quality was  assessed using the validated Pittsburgh Sleep Quality Index (PSQI) [28], which 

is an 18-item questionnaire. Two language versions of the PSQI were used; English [28], and the 

Arabic version that was translated by 10 Arabic bilingual translators was used [29]. The PSQI is a 

subjective measure that assesses seven factors of sleep: sleep quality, sleep latency, sleep duration, 

habitual sleep efficiency, sleep disturbances, use of sleep medication and daytime dysfunction. 

Each dimension scored between 0–3, with a total score ranging from 0–21. Higher scores indicate 

lower sleep quality. A global PSQI score higher than 5 points indicates poor sleep quality [28]. 

Moreover, to analyze variables not considered by the PSQI, we included in the survey questions 

of stability of participants usual sleep/wake patterns and if they differ on weekends and how often 

they had naps. 
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The Fatigue Severity Scale (FSS) 

Fatigue was assessed using the Fatigue Severity Scale (FSS) which is a self-administered 

questionnaire with 9 items (questions) investigating the severity of fatigue in different situations 

during the past week. Grading of each item ranges from 1 to 7, where 1 indicates strong 

disagreement and 7 strong agreements, and the final score represents the mean value of the 9 items 

[30]. The researchers independently translated the original version of the questionnaire from 

English to Arabic. Prior to use in this study, the questionnaire was initially administered to 10 

bilingual subjects, who completed both the Arabic version and the English version to determine 

the test–retest reliability. Fatigue was independent of the version. 

 

Study intervention 

Eligible participants were randomly assigned  to either a non-kiwifruit feeding group (controls) or 

consumed two medium-size kiwifruit group [21] (cases) 1 hour before bedtime every night for 6 

weeks (42 days in total). Randomization was performed by giving participants a note identifying 

the condition to which they were randomized; the note was placed in a sealed envelope. Blindness 

was not applicable since cases received kiwifruit and controls did not receive. Total number of 

kiwis consumed should be (14 kiwis (number of kiwis in one week) x 6 (number of weeks) = 84 

kiwis in total.  Participants consuming the kiwifruit were asked to keep a diary to record if they 

consumed them every day. During the 6-week intervention period, participants received their 

kiwifruit every week on the first day of the week (Sunday) that is adequate for a week (14 kiwi 

fruits brand name: Sharbatly Co. Ltd, variety: Hayward, country of origin: Italy). The kiwifruits 

were supplied at optimum ripeness for consumption and were instructed to keep the kiwi in the 

fridge to prevent damage.  

 

Anthropometric measurements  

Participants’ weight and height were measured via (GIMA Pegaso Digital Scale) on both visits to 

calculate their body mass index (BMI). WHO guidelines were used to take physical measurements 

of participants [31]and BMI categorization was based on WHO [32]. 
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Statistical Analysis 

Data analysis was performed using Statistical Package for the Social Sciences, SPSS 23rd version. 

Frequency and percentages were used to display categorical variables. Mean and standard 

deviation were used to present numerical variables. The Shapiro-Wilk test was used to test 

normality. Independent t-test and paired t-test were used to test associations for normally 

distributed variables (age, duration of nap, BMI at both start and end of the study, fatigue score at 

both start and end of the study, PSQI at end of the study). While the Mann-Whitney U test and 

Wilcoxon Signed-Rank test were used for non-normally distributed variables (PSQI at start of the 

study). Pearson’s correlation was also used to test for associations between numerical variables. 

The level of significance was set at 0.05.  

 

References  
1. Mendelson W: The Science of Sleep What It Is, How It Works, and Why It Matters. 2017.  

2. Noorwali E, Hardie L, Cade J: Bridging the Reciprocal Gap between Sleep and Fruit and 

Vegetable Consumption: A Review of the Evidence, Potential Mechanisms, Implications, 

and Directions for Future Work. Nutrients. 2019, 11:. 10.3390/nu11061382 

3. Hafner M, Stepanek M, Taylor J, Troxel W, Stolk C: Why sleep matters -- the economic 

costs of insufficient sleep: A cross-country comparative analysis. 2017. 10.7249/rr1791 

4. Bahammam AS: Sleep medicine in Saudi Arabia: Current problems and future challenges. 

Ann. Thorac. Med. 2011, 6:. 10.4103/1817-1737.74269 

5. Hirshkowitz M, Whiton K, Albert SM, et al.: National sleep foundation’s sleep time 

duration recommendations: Methodology and results summary. Sleep Heal. 2015, 1:. 

10.1016/j.sleh.2014.12.010 

6. Ahmed AE, Al-Jahdali F, AlALwan A, et al.: Prevalence of sleep duration among Saudi 

adults. Saudi Med J. 2017, 38:. 10.15537/smj.2017.3.17101 

7. Itani O, Jike M, Watanabe N, Kaneita Y: Short sleep duration and health outcomes: a 

systematic review, meta-analysis, and meta-regression. Sleep Med. 2017, 32:. 

10.1016/j.sleep.2016.08.006 

8. Bacaro V, Ballesio A, Cerolini S, et al.: Sleep duration and obesity in adulthood: An 

updated systematic review and meta-analysis. Obes. Res. Clin. Pract. 2020, 14:. 



9 | P a g e  
 

10.1016/j.orcp.2020.03.004 

9. Ma QQ, Yao Q, Lin L, Chen GC, Yu JB: Sleep duration and total cancer mortality: a 

meta-analysis of prospective studies. Sleep Med. 2016, 27–28:. 

10.1016/j.sleep.2016.06.036 

10. Erren TC, Morfeld P, Foster RG, Reiter RJ, Groß J V., Westermann IK: Sleep and cancer: 

Synthesis of experimental data and meta-analyses of cancer incidence among some 

1,500,000 study individuals in 13 countries. Chronobiol. Int. 2016, 33:. 

10.3109/07420528.2016.1149486 

11. Kwok CS, Kontopantelis E, Kuligowski G, et al.: Self-reported sleep duration and quality 

and cardiovascular disease and mortality: A dose-response meta-analysis. J Am Heart 

Assoc. 2018, 7:. 10.1161/JAHA.118.008552 

12. Da Silva AA, De Mello RGB, Schaan CW, Fuchs FD, Redline S, Fuchs SC: Sleep 

duration and mortality in the elderly: A Systematic review with meta-analysis. BMJ Open. 

2016, 6:. 10.1136/bmjopen-2015-008119 

13. Liu TZ, Xu C, Rota M, et al.: Sleep duration and risk of all-cause mortality: A flexible, 

non-linear, meta-regression of 40 prospective cohort studies. Sleep Med. Rev. 2017, 32:. 

10.1016/j.smrv.2016.02.005 

14. Binks H, Vincent GE, Gupta C, Irwin C, Khalesi S: Effects of diet on sleep: A narrative 

review. Nutrients. 2020, 12:. 10.3390/nu12040936 

15. Du C, Almotawa J, Feldpausch CE, Folk SYL, Parag H, Tucker RM: Effects of 

macronutrient intake on sleep duration and quality: A systematic review. Nutr. Diet. 2022, 

79:. 10.1111/1747-0080.12671 

16. Hansen AL, Dahl L, Olson G, et al.: Fish consumption, sleep, daily functioning, and heart 

rate variability. J Clin Sleep Med. 2014, 10:. 10.5664/jcsm.3714 

17. Garrido M, Espino J, González-Gómez D, et al.: A nutraceutical product based on Jerte 

Valley cherries improves sleep and augments the antioxidant status in humans. e-SPEN. 

2009, 4:. 10.1016/j.eclnm.2009.09.003 

18. Garrido M, Paredes SD, Cubero J, et al.: Jerte valley cherry-enriched diets improve 

nocturnal rest and increase 6-sulfatoxymelatonin and total antioxidant capacity in the 

urine of middle-aged and elderly humans. Journals Gerontol - Ser A Biol Sci Med Sci. 

2010, 65 A: 10.1093/gerona/glq099 



10 | P a g e  
 

19. Pigeon WR, Carr M, Gorman C, Perlis ML: Effects of a Tart Cherry Juice Beverage on 

the Sleep of Older Adults with Insomnia: A Pilot Study. J Med Food. 2010, 13:579–83. 

10.1089/jmf.2009.0096 

20. Howatson G, Bell PG, Tallent J, Middleton B, McHugh MP, Ellis J: Effect of tart cherry 

juice (Prunus cerasus) on melatonin levels and enhanced sleep quality. Eur J Nutr. 2012, 

51:. 10.1007/s00394-011-0263-7 

21. Lin HH, Tsai PS, Fang SC, Liu JF: Effect of kiwifruit consumption on sleep quality in 

adults with sleep problems. Asia Pac J Clin Nutr. 2011, 20:. 10.6133/apjcn.2011.20.2.05 

22. Nødtvedt ØO, Hansen AL, Bjorvatn B, Pallesen S: The effects of kiwi fruit consumption 

in students with chronic insomnia symptoms: a randomized controlled trial. Sleep Biol 

Rhythms. 2017, 15:. 10.1007/s41105-017-0095-9 

23. Kanon A., Balan P, McNabb W., Roy N., Chow C., Henare S.: Kiwifruit: sleep 

superfood? – A study methodology. J Sleep Res. 2019, 28:. 10.1111/JSR.52_12913 

24. Hattori A, Migitaka H, Iigo M, et al.: Identification of melatonin in plants and its effects 

on plasma melatonin levels and binding to melatonin receptors in vertebrates. Biochem 

Mol Biol Int. 1995, 35:.  

25. Arnao MB, Hernández-Ruiz J: The physiological function of melatonin in plants. Plant 

Signal. Behav. 2006, 1:. 10.4161/psb.1.3.2640 

26. Sedov ID, Cameron EE, Madigan S, Tomfohr-Madsen LM: Sleep quality during 

pregnancy: A meta-analysis. Sleep Med Rev. 2018, 38:168–76. 

10.1016/j.smrv.2017.06.005 

27. Demirci JR, Braxter BJ, Chasens ER: Breastfeeding and short sleep duration in mothers 

and 6-11-month-old infants. Infant Behav Dev. 2012, 35:884–6. 

10.1016/J.INFBEH.2012.06.005 

28. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ: The Pittsburgh sleep quality 

index: A new instrument for psychiatric practice and research. Psychiatry Res. 1989, 

28:193–213. 10.1016/0165-1781(89)90047-4 

29. Suleiman KH, Yates BC, Berger AM, Pozehl B, Meza J: Translating the Pittsburgh Sleep 

Quality Index Into Arabic. West J Nurs Res. 2010, 32:250–68. 

10.1177/0193945909348230 

30. Valko PO, Bassetti CL, Bloch KE, Held U, Baumann CR: Validation of the fatigue 



11 | P a g e  
 

severity scale in a Swiss cohort. Sleep. 2008, 31:1601–7. 10.1093/SLEEP/31.11.1601 

31. Eveleth PB: Physical Status: The Use and Interpretation of Anthropometry. Report of a 

WHO Expert Committee. 1996. 10.1002/(SICI)1520-6300(1996)8:6<786::AID-

AJHB11>3.0.CO;2-I 

32. WHO: A healthy lifestyle - WHO recommendations. (2010). Accessed: 

https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-

recommendations.  

 

 

 

 

 

  



12 | P a g e  
 

 

Informed Consent form 
Consent statement 

 
I hereby confirm that all aspects related to the study have been explained to me including aims and procedures and 
that the study (does/does not) include any experimental therapies and that my participation is voluntary with no 
extra-expenses and there (is/is no) payment offered to me for participation. I have been given a copy of data 
related to the study and a copy from this consent. 

Signature of the participant: 
 
 
Date of consent(To be personally dated by the participant) 
 

Date of the consent(personally dated by the participant’s guardian if applicable) 

Name of the Principal Investigator (or delegate) 
 
 
Signature of the Principal Investigator (or delegate) 
 

Date of the consent (To be personally dated by the Principal Investigator or delegate) 

Name of the witness (if applicable) 

Signature of the witness(if applicable) 

Date of the consent (To be personally dated by the witness( 

 

 

 

 

 


