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Introduction: The aim of the study was to investigate the association between fruit and 
vegetable (FV) consumption and sleep duration and sleep quality in university students.
Methods: Using a cross-sectional study design, 21,027 university students with a median 
age of 20 years from 28 countries replied to self-reported measures of FV consumption and 
sleep duration and quality.
Results: The prevalence of short and long sleep was 38.9% and 12.8%, respectively, and the 
prevalence of poor sleep quality was 9.6% and restless sleep 19.7%. There was a linear decrease 
in the prevalence of short sleep with increasing FV consumption beyond ≥2 FV servings/day (vs 
0–1 FV servings/day). Consuming 2 FV servings/day (vs 0–1 FV servings/day) was associated 
with a 21% decreased (ARRR: 0.79, 95% CI: 0.70–0.80) and 7 or more FV servings/day with 
a 33% decreased odds (ARRR: 0.67, 95% CI: 0.55–0.81) for short sleep. Consuming 5 FV 
servings/day (vs 0–1 FV servings/day) was associated with a 34% decreased (ARRR: 0.79, 95% 
CI: 0.51–0.84) and 7 or more FV servings/day with a 34% decreased odds (ARRR: 0.66, 95% CI: 
0.50–0.88) for long sleep. In the final adjusted logistic regression model, consuming 3 FV 
servings/day (vs 0–1 FV servings/day) was associated with a 49% decreased (AOR: 0.51, 95% 
CI: 0.42–0.0.62) and 7 or more FV servings/day with a 30% decreased odds (AOR: 0.70, 95% 
CI: 0.53–0.93) for poor sleep quality. Consuming 5 FV servings/day (vs 0–1 FV servings/day) 
was associated with a 34% decreased odds (AOR: 0.66, 95% CI: 0.54–0.81) for restless sleep.
Conclusion: The study extended previous findings of an association between inadequate FV 
consumption and short sleep and an inverse association between FV consumption and poor 
sleep quality and restless sleep.
Keywords: fruit and vegetable consumption, sleep duration, sleep quality, university 
students

Introduction
Sleep health includes sleep duration and sleep quality.1 “Both short sleepers (≤6 h) 
and long sleepers (≥9 h) are at increased risk of all-cause mortality.”2 University 
students appear to be prone to short sleep and poor sleep quality, eg, the prevalence 
of short (≤6 h) and long (≥9 h) sleep was 39.2% and 13.9%, respectively,3 and the 
prevalence of poor sleep quality was 10.4%.4

The health benefits of FV consumption “led to the recommended intake of at least 
400 g of fruit and vegetables (or 5 servings) per day”5 and an increase up to 600 
g per day could significantly reduce the burden of disease globally.6 In a multi-country 
study, “82.8% of the university students consumed less than the recommended five 
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servings of fruits and/or vegetables (FV).”7 A recent review8 

provided epidemiological evidence in adults that “sleep dura-
tion is non-linearly associated with FV consumption with 
short and long sleepers consuming less FV.” Fewer studies 
are found an association between FV intake and better sleep 
quality.9–12 Studies investigating the relationship between 
FV consumption and sleep duration and sleep quality have 
for the most part been done in high-income countries. 
Therefore, the study aimed to assess the association between 
FV consumption and sleep duration and sleep quality in 
university students, predominantly coming from low and 
middle-income countries.

Methods
Sample and Procedure
The cross-sectional study comprised 21,027 college or uni-
versity students with a median age of 20 years (interquartile 
range =3 years) with complete FV consumption data from 28 
countries (Asia: Bangladesh, China, India, Indonesia, 
Kyrgyzstan, Laos, Malaysia, Myanmar, Pakistan, 
Philippines, Russia, Singapore, Thailand, Turkey, and 
Vietnam; Africa: Cameroon, Egypt, Ivory Coast, 
Madagascar, Mauritius, Namibia, Nigeria, South Africa and 
Tunisia; Americas: Barbados, Columbia, Grenada, Jamaica 
and Venezuela). Sampling and study procedures have been 
described previously.13 “Briefly, in each study country, one or 
two universities were purposefully selected.”13 The study was 
initiated through personal, academic contacts of the principal 
investigators; thus “in each university, research assistants 
administered a questionnaire and anthropometric measure-
ments to all students in classrooms selected in 2013–2015.”13

The participants were identified using a quasi-random 
selection process, which entailed randomly selecting one 
department from each University faculty, and a random 
selection was then made from an ordered list of all under-
graduate courses offered within the selected department.13 

Trained research assistants then described the study to 
students within the selected undergraduate class to recruit 
participants. The inclusion criterion was being present in 
class at the time of recruitment.13 

The consent form included a written justification of the study 
and contact details of the local principal investigator were 
provided in order to respond to any questions or personal 
concerns. Trained research assistants administered the paper- 
based self-administered questionnaire and made sure that 
each student had privacy when filling in the questionnaire. 

Privacy was also maintained when taking anthropometric 
measurements. The consent forms and the questionnaires 
(without identifying information) were collected separately 
and placed in different boxes in the front of the rooms. 
Participation rates were in most countries over 90%, except 
for 73% in Myanmar and 69% in Indonesia.13

For the population survey, the expected frequency of 50% 
(maximum possible percentage of students with positive 
and negative health behaviors), design effect 1 (in calcula-
tion used given the ratio of the actual variance, under the 
sampling method, to the variance computed under the 
assumption of simple random sampling), confidence lim-
ited 5%, cluster 1, form this confidence limited 5% key in 
to calculating formula, will get outcome of sample size 
calculated for seven confidence levels, the researchers 
chose sample size for confidence of 99%, the minimum 
sample size is 663. To prevent incomplete data, the sample 
size was increased to 800. (400 male, 400 female)14 

Measures
FV Consumption
1) “How many servings [80 grams] of fruit do you eat on 
a typical day?” and 2) “How many servings [80 grams] of 
vegetables do you eat on a typical day?”15

Sleep Duration
“On average, how many hours of sleep do you get in a 24 h 
period?” “Responses were divided into three categories: 
short sleep (≤6 h), reference category (7–8 h), and long 
sleep (≥9 h).”3

Sleep Quality

Overall in the last 30 days, how much of a problem did 
you have with sleeping, such as falling asleep, waking up 
frequently during the night, or waking up too early in the 
morning? Response options ranged from 1 (none) to 5. 
(extreme/cannot do) 

Poor sleep quality included “severe or extreme/can-
not do.”4

Restless Sleep
“Much of the time in the past week, your sleep was rest-
less?” Response option ranged from “1=rarely (<1 day) to 
4= most (5–7 days)”. Restless sleep was defined as “much 
(3–4 days) or most (5–7 days)”16

Socio-demographic information comprised gender, 
age, subjective wealth status and country income.
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Self-Reported Health Status
“In general, would you say that your health is . . . excel-
lent, very good, good, fair or poor?” “Poor health” was 
defined as “fair or poor health”.17

Overweight or obesity was determined based on measured 
(except for in Hong Kong, China, by self-report) body mass 
index (BMI) and defined as ≥23.0 kg/m2 in South and East 
Asian countries18 and ≥25.0 kg/m2 in the other countries.19

Physical activity was measured using the “International 
Physical Activity Questionnaire (IPAQ) short form,”20 and 
physical activity levels were defined following IPAQ 
guidelines.21

Tobacco use was defined as currently using “tobacco 
products (cigarettes, snuff, chewing tobacco, cigars, etc.).”22

Binge Drinking (Past-Month)
“How often do you have (for men) five or more and (for 
women) four or more drinks on one occasion?”23

Other Dietary Items Comprised
1) “avoiding foods containing fat and cholesterol (Yes, No)”, 
and 2) “frequency of eating red meat (daily, 2–3 times 
a week, once a week, less than once a week, never).”24

Data Analysis
“STATA software version 14.0 (Stata Corporation, College 
Station, TX, USA)” was used for data analysis. The sam-
ple was described by calculating frequencies, means, and 
standard deviations. Multinomial and ordinary logistic 
regression was utilized to identify the independent contri-
bution of FV consumption with sleep duration (short and 
long, and normal as reference category), poor sleep quality 

and restless sleep, in Model 1: unadjusted, in Model 2 
adjusted for background indicators (age, sex, subjective 
economic status, and country income) and in Model 3 
adjusted for background indicators (age, sex, subjective 
economic status, and country income) and health-related 
variables (self-rated health status, general overweight or 
obesity, physical activity, tobacco use, binge drinking, and 
two dietary items). Multi-collinearity was checked and 
found not an issue. Due to the clustered nature of the 
data, country was entered in the survey command. 
Missing values were excluded from the analysis. P<0.05 
was seen as significant.

Results
Sample Characteristics
The study sample comprised 21,027 university students, the 
mean age was 20.7% (SD=2.9), 59.2% were female and 
40.8% male. Half of the students (50.5%) considered them-
selves to be coming from a wealthy background, 51.6% 
were living in low-income or in lower middle-income coun-
tries, 7.5% rated their health status as poor and 23.1% were 
overweight or obese. Almost two in five students (38.5%) 
reported low physical activity, 11.8% current tobacco use, 
10.6% current binge drinking, 39.2% avoided eating fat and 
cholesterol and 48.1% had daily red meat.

The prevalence of short and long sleep was 38.9% and 
12.8%, respectively, and the prevalence of poor sleep 
quality was 9.6% and restless sleep 19.7%. Sleep duration 
seem to increase from 6.99 hours a day with 0 servings of 
FV a day in a linear fashion from to 7.17 hours a day and 
7.14 hours a day with 6 and 7 servings of FV per day. The 

Table 1 Descriptive Statistics of Fruit and Vegetable Consumption in Relation to Sleep Indicators

Variables Sample Sleep in Hours/ 
Day

Sleep Quality 
(1–5)a

<7 Hours/ 
Day

7–8 Hours/ 
Day

>8 Hours/ 
Day

Poor Sleep 
Quality

Restless 
Sleep

N (%) M (SD) M (SD) % % % % %

All 21,027 7.04 (1.57) 3.88 (1.02) 38.9 47.3 12.8 9.6 19.7

Fruit and vegetable servings/day

0 982 (4.7) 6.99 (1.73) 3.81 (1.12) 45.6 38.8 15.6 14.0 24.8

1 1656 (7.9) 6.95 (1.66) 3.75 (1.10) 44.1 42.9 13.0 13.5 23.6

2 6603 (31.4) 7.01 (1.53) 3.90 (1.01) 40.6 47.5 11.9 9.2 19.5

3 4685 (22.3) 7.00 (1.51) 3.89 (0.99) 40.0 47.7 12.3 8.2 18.7

4 3079 (14.6) 7.09 (1.55) 3.89 (1.02) 38.0 49.7 12.3 9.2 18.7

5 1676 (8.0) 7.15 (1.59) 3.87 (1.04) 36.7 48.3 14.9 9.9 19.1

6 1169 (5.6) 7.17 (1.56) 3.87 (1.07) 36.7 49.3 14.0 9.2 18.6

7 1177 (5.6) 7.14 (1.65) 3.87 (1.03) 36.2 48.7 15.1 9.9 20.6

Notes: aRange 1=extreme/cannot do − 5=none; higher score depicting better sleep quality.
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prevalence of short sleep decreased with an increase of FV 
consumption, in a linear trend. The prevalence of long 
sleep duration seems to represent an inverse curvilinear 
relationship, with a higher prevalence with low (0–1) and 
high (5–7) servings of FV consumption, and a lower pre-
valence with two to four servings of FV consumption. 
Poor sleep quality and restless sleep decreased with 
increasing FV consumption (see Table 1).

Associations Between FV Consumption 
with Short and Long Sleep Duration
In the final adjusted multinomial logistic regression model, 
there was a linear decrease in the prevalence of short sleep 
with increasing FV consumption beyond ≥2 FV servings/day 
(vs 0–1 FV servings/day). Consuming 2 FV servings/day (vs 
0–1 FV servings/day) was associated with a 21% decreased 
(ARRR: 0.79, 95% CI: 0.70–0.80) and 7 or more FV 

Table 2 Multinomial Logistic Regression with Short and Long Duration (with 7–8 Hours Sleep as Reference Category)

Variables Unadjusted Model Adjusted for Sociodemographic 
Variables

Adjusted for Sociodemographic and 
Health Variables

Short Sleep Long Sleep Short Sleep Long Sleep Short Sleep Long Sleep

URRR (95% CI) URRR (95% CI) ARRR (95% CI) ARRR (95% CI) ARRR (95% CI) ARRR (95% CI)

Fruit and vegetables

0–1 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

2 0.79 (0.72, 0.87)*** 1.07 (0.93, 1.23) 0.79 (0.72, 0.87)*** 1.08 (0.94, 1.25) 0.79 (0.70, 0.89)*** 1.02 (0.85, 1.22)

3 0.78 (0.70, 0.86)*** 1.02 (0.88, 1.19) 0.77 (0.69, 0.86)*** 1.04 (0.89, 1.21) 0.82 (0.72, 0.93)*** 1.01 (0.83, 1.22)

4 0.71 (0.63, 0.79)*** 0.97 (0.82, 1.14) 0.71 (0.63, 0.80)*** 0.99 (0.83, 1.17) 0.70 (0.61, 0.81)** 0.98 (0.78, 1.22)

5 0.70 (0.62, 0.81)*** 0.77 (0.64, 0.93)** 0.71 (0.62, 0.81)*** 0.78 (0.65, 0.95) 0.68 (0.57, 0.80)*** 0.66 (0.51, 0.84)***

6 0.69 (0.59, 0.80)*** 0.82 (0.66, 1.02) 0.69 (0.59, 0.81)*** 0.84 (0.67, 1.05) 0.72 (0.60, 0.87)*** 0.81 (0.61, 1.08)

7 or more 0.69 (0.59, 0.80)*** 0.75 (0.60, 0.93)** 0.69 (0.59, 0.81)*** 0.76 (0.61, 0.95)* 0.67 (0.55, 0.81)*** 0.66 (0.50, 0.88)**

Sociodemographics

Gender

Female (59.2%) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Male (40.8%) 0.95 (0.89, 1.01) 1.06 (0.97, 1.16) 0.87 (0.80, 0.94)*** 1.04 (0.92, 1.17)

Age

17–19 (33.2%) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

20–21 (37.9%) 0.95 (0.88, 1.02) 0.89 (0.80, 0.99)* 0.95 (0.87, 1.03) 0.91 (0.79, 1.04)

22–30 (28.9%) 0.96 (0.89, 1.04) 0.90 (0.80, 1.01 0.88 (0.80, 0.96)** 0.89 (0.77, 1.03)

Subjective economic status

Low (49.5%) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

High (50.5%) 1.05 (0.99, 1.11) 0.97 (0.89, 1.06) 1.08 (1.01, 1.17)* 1.24 (1.11, 1.40)***

Country income

Low/lower (51.6%) 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

Upper/high (48.4%) 0.96 (0.90, 1.02) 0.95 (0.87, 1.04) 0.93 (0.86, 1.00)* 1.10 (0.98, 1.24)

Health variables

Self-rated health status 

(poor) (7.5%)

1.08 (0.93, 1.25) 0.87 (0.71, 1.08)

Overweight or obesity 

(23.1%)

1.21 (1.12, 1.31)*** 0.97 (0.86, 1.10)

Physical activity

Low (38.5%) 1 (Reference) 1 (Reference)

Moderate (34.7%) 0.94 (0.86, 1.02) 1.02 (0.90, 1.16)

High (27.8%) 1.07 (0.97, 1.19) 1.05 (0.90, 1.22)

Tobacco use (11.8%) 0.98 (0.87, 1.11) 0.78 (0.65, 0.93)**

Binge drinking (10.6) 0.93 (0.82, 1.05) 0.58 (0.49, 0.68)***

Avoids fat and cholesterol 

(39.2%)

0.98 (0.91, 1.06) 1.00 (0.89, 1.12)

Red meat at least daily 

(48.1%)

0.98 (0.91, 1.05) 1.11 (0.99, 1.24)

Notes: ***P<0.001, **P<0.01, *P<0.05. 
Abbreviations: URRR, unadjusted relative risk ratio; ARRR, adjusted relative risk ratio; CI, confidence interval.
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servings/day with a 33% decreased odds (ARRR: 0.67, 95% 
CI: 0.55–0.81) for short sleep. Consuming 5 FV servings/day 
(vs 0–1 FV servings/day) was associated with a 34% 
decreased (ARRR: 0.79, 95% CI: 0.51–0.84) and 7 or more 
FV servings/day with a 34% decreased odds (ARRR: 0.66, 
95% CI: 0.50–0.88) for long sleep (see Table 2).

Associations Between FV Consumption 
with Restless Sleep and Poor Sleep Quality
In the final adjusted logistic regression model, consuming 3 
FV servings/day (vs 0–1 FV servings/day) was associated 

with a 49% decreased (AOR: 0.51, 95% CI: 0.42–0.0.62) 
and 7 or more FV servings/day with a 30% decreased odds 
(AOR: 0.70, 95% CI: 0.53–0.93) for poor sleep quality. 
Consuming 5 FV servings/day (vs 0–1 FV servings/day) 
was associated with a 34% decreased odds (AOR: 0.66, 
95% CI: 0.54–0.81) for restless sleep (see Table 3).

Discussion
The study extended previous findings8 of an association 
between inadequate FV consumption and short sleep to an 
emerging adult population in predominantly low- and 

Table 3 Logistic Regression with Poor Sleep Quality and Restless Sleep

Variables Poor Sleep Quality Restless Sleep

Unadjusted Model Adjusted for 
Sociodemographic 
Variables

Adjusted for 
Sociodemographic and 
Health Variables

Adjusted for 
Sociodemographic and 
Health Variables

OR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Fruit and vegetables

0–1 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

2 0.64 (0.55, 0.73)*** 0.62 (0.54, 0.72)*** 0.65 (0.55, 0.77)*** 0.73 (0.63, 0.83)***

3 0.56 (0.48, 0.66)*** 0.55 (0.47, 0.64)*** 0.51 (0.42, 0.62)*** 0.69 (0.60, 0.80)***

4 0.64 (0.54, 0.76)*** 0.61 (0.52, 0.72)*** 0.58 (0.47, 0.71)*** 0.73 (0.62, 0.86)***

5 0.70 (0.57, 0.85)*** 0.68 (0.55, 0.82)*** 0.62 (0.48, 0.80)*** 0.66 (0.54, 0.81)***

6 0.64 (0.51, 0.80)*** 0.60 (0.48, 0.76)*** 0.66 (0.50, 0.87)** 0.72 (0.58, 0.90)**

7 or more 0.70 (0.56, 0.87)*** 0.68 (0.54, 0.85)*** 0.70 (0.53, 0.93)* 0.76 (0.61, 0.95)*

Sociodemographics

Gender

Female 1 (Reference) 1 (Reference) 1 (Reference)

Male 0.92 (0.84, 1.01) 0.81 (0.71, 0.92)*** 0.85 (0.77, 0.93)***

Age

17–19 1 (Reference) 1 (Reference) 1 (Reference)

20–21 1.01 (0.90, 1.13) 0.89 (0.78, 1.03) 1.00 (0.90, 1.11)

22–30 1.04 (0.92, 1.17) 0.87 (0.75, 1.01) 0.91 (0.81, 1.01)

Subjective economic status

Low 1 (Reference) 1 (Reference) 1 (Reference)

High 0.95 (0.86, 1.04) 0.97 (0.86, 1.09) 1.20 (1.10, 1.31)***

Country income

Low/lower 1 (Reference) 1 (Reference) 1 (Reference)

Upper/high 1.29 (1.18, 1.42)*** 1.40 (1.24, 1.58)*** 0.85 (0.78, 0.93)***

Health variables

Self-rated health status (poor) 0.86 (0.67, 1.09) 0.93 (0.78, 1.11)

Overweight or obesity 1.17 (1.03, 1.33)* 1.18 (1.08, 1.30)***

Physical activity

Low 1 (Reference) 1 (Reference)

Moderate 1.14 (1.00, 1.30) 1.05 (0.95, 1.16)

High 1.24 (1.06, 1.44)** 1.27 (1.14, 1.43)

Tobacco use 1.88 (1.59, 2.22)*** 1.51 (1.32, 1.73)***

Binge drinking 1.21 (1.01, 1.45) 1.05 (0.91, 1.21)

Avoids fat and cholesterol 1.00 (0.88, 1.12) 0.92 (0.84, 1.01)

Red meat at least daily 0.70 (0.62, 0.79)*** 0.94 (0.86, 1.02)

Notes: ***P<0.001, **P<0.01, *P<0.05. 
Abbreviations: OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
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middle-income countries. However, contrary to previous 
results8 the association between FV consumption and sleep 
duration, short sleep, poor sleep quality and restless sleep 
was linear. Only a slight non-linear association was observed 
between FV consumption with long sleepers, which was 
found previously.8 Consistent with previous studies,9–12 

this study found an inverse association between FV con-
sumption and poor sleep quality and restless sleep.

Potential mechanisms for the “effects of FV consump-
tion on sleep may be due to their high content of melatonin 
and serotine.”8,25 In addition, the antioxidant content of FV 
may reduce oxidative stress and thus improve sleep 
quality.8,26 On the other hand, short sleep and poor sleep 
quality can increase emotional distress leading to more con-
sumption of energy-dense food and lower FV consumption, 
indicating a potentially bidirectional relationship between 
FV and sleep parameters.27 Laboratory studies found that 
sleep disruption changes appetite-related hormones ghrelin 
and leptin leading to increased intake of energy-dense foods 
and lower FV intake.8,28 Considering a possible bidirectional 
relationship between FV and sleep, public health interven-
tions should address both healthy dietary intake, such as 
adequate FV consumption, and improving sleep hygiene 
through behavioural and environmental practices.8

Study Limitations
The study was cross-sectional, which hinders us to draw 
conclusions on the direction of the relationship between 
FV consumption and sleep parameters. Moreover, FV 
consumption and sleep parameters were assessed by self- 
report, which is limited to bias.

Conclusions
The study extended previous findings of an association 
between inadequate FV intake and short sleep in a large 
sample of an emerging adult population in predominantly 
developing countries. The relationship between FV con-
sumption and sleep duration, short sleep, poor sleep qual-
ity and restless sleep was linear. This study found an 
inverse association between FV consumption and poor 
sleep quality and restless sleep.
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