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Abstract: Eating foods high in added
sugar has recently increased among
people of all ages. This is expected

to negatively affect bealth and life
quality. This study was conducted to
investigate the relationship between
added sugar intake and sleep quality
among university students. A total

of 100 randomly selected female
students (19-25 years old) from Imam
Abdulrabman Bin Faisal University,
Dammam, Saudi Arabia, participated
in the study after applying exclusion
criteria. Sample size was calculated
with expected correlation of 0.4
between sugar intake and sleep
quality, a power of 90%, and a type

1 error of 5%. Participants completed
the Food Frequency Questionnaire
(FFQ), sleep quality questionnaire,
and 24-hour dietary recall. Data were
analyzed using IBM SPSS Statistics 25,
and the 7 test was used for measuring
the association between added sugar
intake and sleep quality, where P <.05
was considered statistically significant.
Results showed that only 17% of
participants had good sleep. Data of
the 24-hour dietary recall showed

a significant association (P =.014)
between consumption of added sugars

and sleep quality. This is the first
study to directly report on the effect of
higher intake of added sugars on sleep
quality. The study concluded that poor
sleep quality was significantly related
to higher added sugar intake.

consequences.' Foods containing added
sugar are getting popular, widespread,
and heavily consumed, especially with
the vast change in the nutrition pattern
and the entire lifestyle and the
prevalence of fast or junk foods. Added

!Consuming high amounts of added
sugar increases heart disease,
diabetes, and cancer risk factors
such as obesity, high blood
pressure, insulin resistance, and
inflammation. i

Keywords: added sugars; sleep
quality; university students; food
frequency questionnaire; 24-hour
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Introduction

The lifestyle and eating habits of Saudis
have radically changed over the past few
decades; the calorie intake has
progressively increased, resulting in high
obesity rates and other health

sugar is the type of sugar that is not
naturally found in food but is introduced
as an ingredient of processed food
products such as candy, cookies,
desserts, cakes, sweets, junk foods, and
sugar-sweetened beverages (SSBs).” Per
the World Health Organization (WHO)
report,” added sugar consumption was
associated with various health concerns,
and the recommended daily intake is less
than 10% of the total energy intake in
both adults and children. Consuming
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high amounts of added sugar increases
heart disease, diabetes, and cancer risk
factors such as obesity, high blood
pressure, insulin resistance, and
inflammation.*"* It may further increase
depression'"" and skin and cellular
aging”™ and augment fat build up in
the liver."® Other venomous effects
include worsening cognitive abilities,"”
increasing gout risk,"® harming kidneys,"
causing dental cavities,” and raising the
risk of developing acne.”

Effects of diet on sleep quality have
been explored.”* It is evident that
high-carbohydrate intake is associated
with reduced sleep quality.**
Inadequate or poor sleeping has adverse
effects on human health, including body
weight and insulin resistance. % A
prospective cohort study was conducted
to examine the effect of sleep duration
on weight gain and obesity among 3576
(1411 male and 1824 female) older
Spanish adults aged >60 years. The
results showed a negative impact of
sleep duration on obesity and weight
gain. Female participants sleeping 5
hours or less had more weight gain and
obesity rates.”

In the current study, the researchers
thought that university female students
might suffer from lack of sleep, irregular
sleep onset, or inadequate sleep
duration. This may be attributed to the
vast change in the nutrition pattern and
lifestyle as well as the challenges and
circumstances faced by university
students.”” Up to 60% of university
students were reported to suffer from
poor sleep quality according to the
Pittsburgh Sleep Quality Index.” In an
intervention study to investigate sleep
problems among university students,
Schlarb et al** stated that 74% of the
participants reported symptoms of an
insomnia disorder, and 51.9% fulfilled all
criteria of an insomnia disorder
according to the Diagnostic and
Statistical Manual of Mental Disorders.

Despite the evident negative effect of
high-carbohydrate intake on sleep
quality,”® studies that specifically relate
the excessive intake of added sugar to
sleep quality are scarce. Sampasa-
Kanyinga et al® studied the relationship

9

between the duration of sleep and the
consumption of SSBs among 9473 male
and female adolescents aged between 11
and 20 years. Short sleep duration was
associated with consumption of SSBs in
middle school students. The association
between self-reported sleep duration and
the consumption of SSBs by US adults
(218 years old) was also investigated by
Prather et al.** Among 18 779
participants, those who slept 5 hours or
less were found to have 21% higher SSB
consumption. This excessive
consumption was attributed mainly to
caffeinated sugary beverages. It was not
clear whether the impaired sleep was a
cause or a result of the high
consumption of caffeinated sugary
drinks.

In another cross-sectional study, Park
et al”® investigated the relationship
between the consumption of energy
drinks and sleep dissatisfaction, stress,
and depression among 68 043 Korean
adolescents aged between 12 and 18
years. It was concluded that the
consumption of energy drinks had
adverse effects on sleep quality, stress,
and mood. An immediate effect of a
high-sugar diet on sleep quality in
prepubescent girls (10-12 years old) was
also reported.%

The negative effects of consuming
high-sugar-containing foods on sleep
duration and quality will consequently
cause adverse effects on general health,
weight gain, and obesity rates. The aim
of this research was, therefore, to
investigate the effect of excessive
consumption of added sugar-containing
foods on the quality of sleep among
university female students.

Methods

A cross-sectional study design was
used in this work, and samples were
selected using the convenience
sampling method. The sample size was
calculated for testing the correlation
between sugar intake and sleep quality,
with expected correlation as —0.4,
power as 90%, and type 1 error as 5%;
the minimum number required for the
study was 54. Hence, 138 randomly
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selected female participants (19 to 25
years old) from the College of Applied
Studies and Community Service at Imam
Abdulrahman Bin Faisal University
(TAU), Dammam, Saudi Arabia, were
included in the study after giving
written consent. The data were collected
from December 2018 to March 2019.
Weight and height of the participants
were taken using Aurora Blue TANITA
inner scan 50 (BC-310-BL, Tanita
Corporation of America Inc, IL) and
ADE M318800 mechanical physician
Scale (ADE, Hamburg, Germany),
respectively, to calculate the body mass
index (BMI; kg/m?).

According to the WHO classification”’
the BMI of normal, overweight, and
obese adults is 18.5 to 24.9, 25.0 to 29.9,
and 230.0, respectively. Obese (BMI >
30 kg/m®) participants and those with
diabetes were excluded to eliminate the
confounding effect of obesity and
diabetes on sleep. Obesity and diabetes
have been associated with poor sleep
quality and sleep disturbances that are
mainly attributed to the concomitant
sleep disordered breathing, including
obstructive sleep apnea, restless leg
syndrome, insomnia, nocturia, and
nocturnal hypoglycemia.**® The degree
of obesity was reported to predict sleep
disturbances among obese
adolescents.” Pregnant and lactating
individuals were excluded to rule out
the possible effects of hormonal,
physiological, psychological, and
anatomical changes during pregnancy
and lactation. These changes may affect
the sleeping patterns of participants.”*!
Those taking sleeping pills were also
excluded. After applying all the
exclusion criteria, the total number of
participants was 100 (Figure 1).

Two questionnaires were given to the
included participants: Food Frequency
Questionnaire (FFQ), containing 57 items
with quantities and number of grams of
sugar in each item, and Sleep Quality
Questionnaire to measure sleep duration
and other problems that affect its quality.
Reliability analysis of the FFQ was
obtained using the split half method.
Split-;half correlation of the data was
0.86, and the Cronbach’s a value of the
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Figure 1.

Screening of participants for potential inclusion in the present study.

[Excluded Participants]

Participants excluded because of
incomplete data (n=20)

Participants excluded because they were
using sleeping pills (n=5)

=

Participants excluded because they were
ohese (1= 10)

Total number of interviewed participants
138)

Participants excluded hecause they were
diabetic (n=1)

Participants excluded for other reasons

covariance matrix was .91, which means
high reliability. The validity of the FFQ
data was obtained using the Pearson
product moment method. There was a
good correlation between the item score
and total score, and the average
correlation of the data was higher than
the table value (5% level of significance),
which proves the validity of the FFQ for
the study. The collected scores from the
FFQ were classified into 3 groups: <100,
low sugar intake; 100 to 199, moderate
sugar intake; 200 to 299, high sugar
intake. The participants were further
contacted to fill in a 24-hour dietary
recall for 2 days (1 weekday and 1
weekend). Data collected from 24-hour
dietary recall were analyzed using
ESHA’s Food Processor Nutrition Analysis
software (Version 11.5). Based on the
collected data, the participants were
classified into 4 groups based on the
contribution of added sugars and total
carbohydrates to their total energy
intake; group A: carbohydrates >60%,
added sugars >10%; group B:
carbohydrates <60%, added sugars >10%;
group C: carbohydrates >60%, added
sugars <10%; or group D: carbohydrates
<60%, added sugars <10%. Caffeine
consumption was found to be very
common among participants. Therefore,

n=2)

participants were divided into 2 groups
caffeine consumers and non-caffeine
consumers, to study the association
between sleep quality and the different
levels of added sugars in each group
separately and, thus, eliminate the effect
of caffeine consumption as a possible
confounding factor. Sleeping period from
7 to 8% hours continuously at night
without suffering from insomnia or
inability to sleep, taking less than 15
minutes to fall asleep, and not using
sleeping pills were considered as
determinants of good quality sleep in
this study. The experimental protocol
and informed consent were approved by
the Institutional Review Board of IAU
(IRB-UGS014-03-2019).

The statistical analysis was done using
Microsoft Excel Worksheet and IBM SPSS
Statistics 25 software. Frequency tables
and descriptive statistics were used for the
data description. The association between
added sugar and sleep quality was tested
using a 7’ test. Logistic regression analysis
was performed to estimate the risk for
poor sleep among participants with high
sugar consumption, and odds ratios with
its 95% ClIs were presented. The bar-plot
is used for the graphical representations,
and a P value <.05 was considered as
statistically significant.

study (r=100)

Remaining participants who completed the

Results

Distribution of the Participants
Based on Their Sleep Quality

This study involved 100 participants
from the college of Applied Studies and
Community Service at IAU. All of them
were women from 19 to 23 years of age,
with a mean age of 20 years and SD of 1
year. Good-quality sleep involves many
variables that may affect the sleeping
pattern. According to the sleep quality
criteria used in this study, the
participants were classified into 2
groups: those with either good or bad
quality sleep. In our study, 17% of the
participants reported good quality sleep,
whereas 83% of participants had bad
quality sleep.

The Association Between
Added Sugar Intake and
Sleep Quality Based on
24-Hour Dietary Recall

Based on the collected data from
24-hour dietary recall, 13%, 59%, 5%, and
23% of the participants were from groups
A, B, C, and D, respectively. We observed
an inverse significant relation between
added sugar intake and sleep quality
based on 24-hour dietary recall data
(P = .017; Table 1). This is explained by
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Table 1.

Relationship Between Sleep Quality and Intake of Added Sugars Based on 24-Hour

Dietary Recall.2

Sleep Quality
Good, n (%) Poor, n (%) PValue
Group A 0 (0%) 13 (100%) .039
Group B 8 (13.6%) 51(86.4%)
Group C 1 (20%) 4 (80%)
Group D 8 (34.8%) 15 (65.2%)

Group A: carbohydrates >60%, added sugars >10%; group B: carbohydrates <60%, added
sugars >10%; group C: carbohydrates >60%, added sugars <10%; group D: carbohydrates <60%,

added sugars <10%.

the fact that the group with the high
sugar consumption (group A) showed a
higher percentage of participants with
poor quality sleep compared with the
low-sugar-intake group (group D); that
is, with high sugar intake, 100% of the
participants had poor quality sleep,
whereas with low sugar intake, only
05.2% of the participants had poor
quality sleep (Table 1). Furthermore, the
odds ratio of the association between
sleep quality and sugar intake showed
that the participants with high sugar
intake (groups A and B) had 3.5 times
the probability for having poor sleep (or
were 3.5 times more likely to have poor
sleep quality) compared with those with
low sugar intake (groups C and D; P =
.021; Table 2).

To further investigate the relation
between added sugar intakes and sleep
quality, we studied whether the
subsequent increase in energy intake
from added sugars would be associated
with poor quality sleep. We divided the
participants into 4 groups depending on
their percentage of daily energy intake
from the added sugars based on the
24-hour dietary recall (Table 3): <10%
(n =29), 10% to 20% (n = 47), 20% to
30% (n = 20), >30% (n = 4). Despite the
insignificant association (P =.099), sleep
enjoyment tended to decrease as the
energy intake from added sugar
increased. This was mostly evident with
the group of the highest energy intake

from added sugars (>30%): 100% of the
participants who consumed >30 % of
their energy intake from added sugar
had poor quality sleep (ie, none of the
participants reported good quality sleep),
whereas only 69% of the participants
who consumed <10 % of their energy
intake from added sugar had poor
quality sleep. This again suggests an
inverse relation between added sugar
intake and sleep quality.

The Association Between
Added Sugar Intake and
Sleep Quality Based on FFQ

Based on the data from the FFQ, there
was a tendency toward an inverse
association between the intake of added
sugar and sleep quality that did not reach
significance. Based on the collected
scores from the FFQ, participants were
classified into 3 groups: <100, low sugar
intake; 100 to 199, moderate sugar intake;
200 to 299, high sugar intake (Table 4).
Despite the insignificant association
(P = .15), the percentage of participants
from the bad quality sleep group tended
to be lower in the low-sugar-intake group
compared with the moderate- and high-
sugar-intake groups.

The Effect of Caffeine Intake
as a Confounding Factor

Our results showed that caffeine intake
was very common among the study
group (66% of participants). Therefore,
we thought of the caffeine intake as a
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possible confounding factor in our
experiment. To overcome this limitation,
we divided the participants into 2 groups
based on their caffeine intake—caffeine
consuming and non-caffeine
consuming—and then looked at the
association between the sleep quality
and the different levels of added sugars
in each group.

The results of the 24-hour dietary recall
revealed a clear association between
high added sugar intake and the quality
of sleep in the caffeine-consuming
group. Data showed that 100% of group
A participants suffered from poor sleep,
whereas only 40% of group D reported
poor-quality sleep (P = .034; Table 5).
On the other hand, in the non-caffeine-
consuming group, there was no
association between sugar intake and
sleep quality. The percentages of the
participants with poor or good quality
sleep did not significantly differ among
all the levels of sugar intake (Table 5).

To further investigate the relation
between added sugar intake and sleep
quality with and without caffeine
consumption, based on the FFQ data, the
participants were again divided into 2
groups: caffeine- and non-caffeine-
consuming groups (Table 0). In the
caffeine-consuming group, whereas the
relationship between sleep quality and
added sugar intake was inverse and
consistent (reflected by the percentage of
participants from both the good- and
poor-quality sleep groups), it did not
reach significance (P = .43). In the
non-—caffeine-consuming group,
comparison of the percentage of
participants in the poor- or good-quality
sleep group among the 3 groups of sugar
intake (high, moderate, and low) showed
an inconsistent and nonsignificant
association between sleep quality and
sugar intake as well (P = .28; Table 0).

Discussion

To the best of our knowledge, this is
the first study to address several aspects
of assessing the quality of sleep and
report on its association with the high
intake of added sugars among Saudi
University students. The reason for
choosing to study the sleep quality in
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Table 2.

The 0dds of the Association Between Sleep Quality and Sugar Intake.?

Jan e Feb 2022

Sleep Quality
Energy Intake From Added Sugars Good, n (%) Poor, n (%) Odds Ratio (95% Cl) PValue
High sugar (>10%; groups A + B) 20 (69%) 9 (31%) 3.5(1.2,10.4) .021
Low sugar (<10%; groups C + D) 63 (89%) 8 (11%) 1.0*

3Group A: carbohydrates >60%, added sugars >10%; group B: carbohydrates <60%, added sugars >10%; group C: carbohydrates >60%, added sugars
<10%; group D: carbohydrates <60% added sugars <10%. *1.0 is the notation for the reference category (low sugar group). We are investigating the risk of
poor sleep if the person is taking high sugar with reference to the low sugar subjects.

Table 3.

Effect of Increased Energy Intake From Added Sugars on the Quality of Sleep, Based on 24-Hour Dietary Recall.

Energy Intake From Sleep Quality

Added Sugars Good, n (%) Poor, n (%)
<10% 9 (31%) 20 (69%)
10%-20% 5(10.6%) 42 (89.4%)
20%-30% 3 (15%) 17 (85%)
>30% 0 (0%) 4 (100%)

Test Statistic®

PValue

6.272 .099

*Pearson y? statistic.

Table 4.
Relationship Between Sleep Quality and Intake of Added Sugars Based on the FFQ.?

Sleep Quality
Collected Scores Good, n (%) Poor, n (%) PValue
<100 13 (23.2%) 43 (76.8%) 15
100-199 3(7.9%) 35 (92.1%)
200-299 1(16.7%) 5 (83.3%)

Abbreviation: FFQ, Food Frequency Questionnaire.

2<100, Low sugar intake; 100-199, moderate sugar intake; 200-299, high sugar intake.

university students is that there are
various factors that affect sleep quality at
this developmental stage of life.
Adolescents’ inadequate sleep duration
has been an increasing concern.®* Over
the past 20 years, a sharper decrease in
sleep time was reported for adolescents

compared with adults and children.

28,42

The use of technological devices and the
excessive exposure to artificial light, the
stress faced by university students caused
by prolonged and intensive homework,
afterschool activities or work, the high
consumption of caffeinated beverages or

energy drinks, or simply the perception
that sleep is a wasted time are among
the factors that promote inadequate
sleep duration in this population group.”
Our study found that 83% of the
participants had poor sleep quality. This
percentage is comparable to that in the
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Table 5.

The Association Between Sleep Quality and Added Sugar Intake Based on 24-Hour Dietary Recall in Both Caffeine and Non—

Caffeine Consumers.?

Caffeine Consuming

Non-Caffeine Consuming

Sleep Quality Sleep Quality
Good, n (%) Poor, n (%) PValue Good, n (%) Poor, n (%) PValue
Group A 0 (0%) 9 (100%) 572 0 (0%) 4 (100%) .034
Group B 3 (15%) 35 (87%) 3 (16%) 16 (84%)
Group C 1(25%) 3 (75%) 0 (0%) 1 (100%)
Group D 2 (15%) 11 (85%) 6 (60%) 4 (40%)

Group A: carbohydrates >60%, added sugars >10%; group B: carbohydrates <60%, added sugars >10%; group C: carbohydrates >60%, added sugars
<10%; group D: carbohydrates <60%, added sugars <10%.

Table 6.

Effect of High Intake of Added Sugars on Sleep Quality Based on the FFQ Assessment in Both Caffeine and Non—Caffeine Consumers.

Caffeine Consuming

Non-Caffeine Consuming

?I:)eur::antage Sleep Quality Sleep Quality

Within FFQ) Good, n (%) Poor, n (%) PValue Good, n (%) Poor, n (%) PValue
>100 6(16.7%) | 30 (83.3%) 43 7 (35%) 13 (65%) 28
100-199 2 (7.4%) 25 (92.6%) 1(9.1%) 10 (90.9%)

199-299 0 (0%) 3 (100%) 1(33.3%) 2 (66.7%)

Abbreviation: FFQ, Food Frequency Questionnaire.

Buboltz et al” study, which estimated the
prevalence of occasional sleep difficulties
to be 73% among US university students.
Most of the assessed sleep problems
were more common in female than in
male students.”’ Buboltz et al determined
sleep quality using a Sleep Quality Index
with 8 items, which was very similar to
the sleep questionnaire we used in our
study. We assessed sleep quality
depending on the average number of
actual sleep hours, from 7 to 8.5 hours,
which complies with the
recommendation of the National Sleep
Foundation of between 7 and 9 hours of
sleep per night in young adults and
adults.” The other assessment criteria
were taking less than 15 minutes to fall

asleep at night, which was also
according to the recommendation of the
National Sleep Foundation*; not taking
sleeping pills; and not suffering from
insomnia or inability to sleep or having
any medical condition that hinders sleep.
In our study, 72% of the participants
reported that their added sugars intake
actually contributed to more than 10% of
their total energy intake. This finding
reflects the relatively high intake of
added sugars in this population group.
The higher added sugar intake was
shown to be significantly associated with
young age as well as unhealthy eating
style in general (ie, low intake of fibers,
fruits, and vegetables and high intake of
fat).” In an exploratory study among US

college students, the reasons for
adopting an unhealthy eating style,
including consuming high added sugar
containing diets, were stress, insufficient
time and knowledge to prepare healthy
food, the lack of and high cost of healthy
food and beverage options in the
college, the availability and convenience
of having junk foods, and pressures from
peers and media.

We observed a positive association
between high added sugar intake and
poor quality of sleep, based on 24-hour
dietary recall. This finding is in
agreement with other studies that
reported an inverse association between
the consumption of SSBs, energy drinks,
and high sugar diet and sleep duration
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) . 5,36
and satisfaction in adolescents.*****

Unlike the studies by Sampasa-Kanyinga
et al*® and Prather et al,** our study not
only examined the sleep duration-SSB
relationship, but also expanded the
scope to include dietary added sugars
and a more comprehensive perspective
of sleep variables (ie, sleep quality). Park
et al” reported a positive association
between energy drink consumption and
sleep dissatisfaction. However, sleep
satisfaction was only determined by
answering 1 question inquiring about
“the degree of the sleep satisfaction in
terms of fatigue relief.” Interestingly,
sleep deprivation is linked to impaired
glucose metabolism and high blood
sugar levels that are partially a result of
the associated pattern of unhealthy
eating choices and increased appetite.”’
Therefore, it seems that there is a vicious
cycle between sleep and sugar. Further
studies are, however, needed to elucidate
the underlying mechanisms of the
unfavorable impact of added sugar
intake on sleep quality.

Although a positive relationship between
high added sugars and poor quality of
sleep was also observed based on the
FFQ, it did not reach significance. The
observed discrepancy between the
findings of FFQ and 24-hour dietary recall
may be a result of the fact that the FFQ
uses a fixed list of items that may be less
accurate in determining the absolute
intake of nutrients. For instance, some of
the items used in our FFQ had very high
added sugar content but did not have high
consumption frequency (eg, candy bars).
Other items that may not be in the list
may have low sugar content but were
more frequently consumed (eg, white
bread). This may have confounded the
actual intake of the participants’ added
sugars. The use of FFQ in studying the
association between the diet and another
variable is sometimes questionable
because the correlation of nutrient intake
between the FFQ and 24-hour dietary
recall is often poor.”® In our study, 24-hour
dietary recall showed the credibility of the
real consumption of added sugars in some
participants. Even though their answers to
some items were “rarely or poorly
consumed,” there was a reported
consumption of these items based on the

24-hour dietary recall. So overall, we think
that the 24-hour dietary recall data are
more accurate and reflective of the actual
added sugar consumption.

Caffeine intake may have been a possible
confounding factor in our study and was
associated with shorter sleep duration and
poorer sleep quality.”’ A disruptive effect
of 400 mg caffeine on sleep was reported,
even when taken 6 hours before bed.” So
we decided to divide our participants into
2 groups based on their caffeine intake
and then study the association of our
research question in each group separately.
Even after eliminating the caffeine effect,
we were still able to see an inverse
significant association between sleep
quality and added sugar intake in the
non-caffeine-consuming group. The lack
of the association in the caffeine-
consuming group may have been a result
of the confounding effect of caffeine.

The main limitation of our study is
that we have not excluded caffeine
consumers. Future studies are needed
to explore the association between
sleep quality and added sugar intake
after excluding the participants who
consume caffeine <6 hours before bed
time. Future studies may also
investigate whether the timing of the
added sugar intake (before bed time or
during the day) would have a
differential effect on the sleep quality.
Future studies should also include a
larger sample size, including both male
and female participants, and should
further include participants with sleep
disorders.

In conclusion, this study confirms the
negative effects of high added sugar on
sleep quality and duration and
recommends reducing its intake to less
than 10% of the total energy for better
health and life quality. It is worth
confirming that the findings reported
herein are in line with other dietary
recommendations for health in the general
population, including those of the WHO.?
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