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Abstract: The objective of this cross-sectional study was to explore sleep patterns and the potential
relationship between sleep and tryptophan intake among Spanish university students. A total
of 11,485 students self-reported their sleep and dietary patterns and habits. Tryptophan intake
was calculated using a food intake matrix and results were presented as quartiles of total intake.
Short sleep duration prevalence was 51.0%, with males exhibiting a significantly higher frequency.
A total of 55.0% of participants presented inadequate sleep efficiency, with males again presenting
a higher rate. Median tryptophan intake was 692.16 + 246.61 mg/day, 731.84 + 246.86 mg/day
in males and 677.24 + 244.87 mg/day in females (p = 0.001). Dietary tryptophan intake below the
first quartile (<526.43 mg/day) was associated with a higher risk of short sleep duration in males
(1.26; 95%CI: 1.02-1.55) and females (1.19; 95%CI: 1.05-1.34) and with the Athens Insomnia Scale
insomnia in males (2.56; 95%CI: 1.36—4.82) and females (1.47; 95%CI: 1.10-2.05). Regarding academic
specializations, females in the humanities field showed a higher risk of Athens Insomnia Scale
insomnia due to low tryptophan intake (Q1: 3.15; 95% CI: 1.04-9.55 and Q2: 3.41; 95%CI: 1.01-11.5).
In summary, lower tryptophan consumption appears to be associated with poorer sleep quality
in Spanish university students; however, other social factors affecting students may also influence
sleep quality. These findings have important implications for nutritional recommendations aimed at
enhancing tryptophan intake to improve sleep quality.

Keywords: students; surveys and questionnaires; tryptophan; Mediterranean diet; cross-sectional
study
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1. Introduction

Sleep deprivation, whether due to behavioral factors or sleep disorders, is becom-
ing increasingly prevalent in modern society [1]. Sleep is one of the pillars of physical,
mental, and emotional health and wellbeing, and it is involved in the regulation of var-
ious biological processes pivotal to health [2] such as concentration, emotional stability,
memory consolidation, immune system regulation, and energy restoration [3]. Short sleep
duration has been previously linked with obesity, hypertension, and impaired glucose
metabolism [1,4]. Sleep is a biological necessity, and insufficient or poor-quality sleep can
have severe consequences for overall health, quality of life, and safety [5].

The prevalence of insomnia symptoms in the general adult Spanish population has
been estimated to be 43.4%, the prevalence of chronic insomnia syndrome 13.7%, and
chronic insomnia disorder 14.0% (women 14.6%, men 13.4%; 18-34 y.o. 11.1%, 35-54 y.o.
11.5%, 55 + y.0. 17.9%) [6]. In a study on Spanish university students, 39.7% had significant
insomnia complaints [7]. The prevalence of chronic insomnia disorder in Spain has more
than doubled in 20 years, with an increase of almost 47%, highlighting its significance [6].

Sleep problems among young adults are increasing [8-10], and specifically among uni-
versity students, studies have shown a decline in the average number of hours of sleep [11].
Young adults in university experience a challenging transition period in their living ar-
rangements, social life, financial situation, and academic/professional demands marked by
greater personal autonomy. It is well documented that university students sacrifice sleep to
study and socialize during the week, then sleep long hours on weekends, while alcohol
and caffeine consumption and the use of recreational drugs are also commonplace [11-16].
Previous studies have reported rates of up to 75% of university students declaring to have
occasional sleep problems [17,18]. Taking all of this into consideration, it is not surprising
that sleep problems are a common occurrence in university students.

Lack of sleep has been associated with impaired concentration, reduction in academic
performance, impaired driving, risk-taking behavior, anxiety, depression, emotional in-
stability, impaired memory, compromised perception of effort and driving performance,
impaired social relationships, and poorer health [5,12-14,19-28]. In summary, sleep prob-
lems can impair university students’ lives significantly.

Most of the etiological and physiopathological models proposed to understand sleep
problems are based on the “3P” model of predisposing, precipitating, and perpetuating
factors [29]. Among these factors that can play a role in sleep problems are medical,
psychiatric, environmental, and behavioral conditions [30]. Diet would be included as one
of these conditions that may be involved in the development of sleep problems. The recent
scientific literature has provided interesting insights on the potential association between
diet and sleep [31-35]. Diet may influence sleep via melatonin and its biosynthesis from
tryptophan [36].

Numerous population studies conducted across various geographical locations and
with diverse subject populations have demonstrated that tryptophan intake influences
sleep duration by affecting the hypnotic neurotransmitters serotonin and melatonin [37,38].
Tryptophan is an essential amino acid and a precursor of serotonin and melatonin, found
mostly in animal products, such as beef, lamb, pork, poultry, and dairy, as well as in nuts
and seeds, whole grains, and legumes, which are directly related to sleep quality and
duration. The reference dietary intake for tryptophan is 4.5 mg per kilogram of body
weight [39-42]. Therefore, a person weighing 70 kg should consume around 315 mg of
tryptophan per day. According to the USDA Food Data Central Repository, beef has an
estimated 374 mg of tryptophan per 100 g, lamb has 412 mg/100 g, pork has 369 mg/100 g,
poultry 404 mg/100 g, eggs 153 mg/100 g, dairy (milk) 43 mg/100 g, dairy (yogurt)
33 mg/100 g, nuts and seeds (squash and pumpkin seeds) 576 mg/100 g, whole grains
(oatmeal) 40 mg/100 g, whole grains (pasta) 45 mg/100 g, whole grains (rice) 30 mg/100 g,
legumes (black beans) 105 mg/100 g, legumes (lentils) 80 mg/100 g, and legumes (edamame)
242 mg/100 g.



Nutrients 2024, 16, 2376

3o0f17

Melatonin is the main regulator of sleep-wake cycles and serotonin is associated with
sleep quality [43]. Studies have previously investigated the association between tryptophan
consumption and sleep quality and have shown a relationship between tryptophan con-
sumption and improved sleep [44—46]. These studies suggest that supplemental doses as
low as 1 g can notably decrease sleep latency and enhance subjective ratings of sleepiness
in individuals with insomnia [37,38]. Tryptophan-rich foods have been shown to improve
sleep [47,48], while low tryptophan consumption has also been associated with other neg-
ative health outcomes, apart from poor sleep, such as depression [49], brain injury [50],
cancer, neurodegenerative diseases [51], and autoimmune diseases [52].

However, to the authors” knowledge, no studies conducted in Spain have ever investi-
gated the relationship between tryptophan consumption and sleep quality in university
students. Most of the research up until now has focused on the link between diet and
sleep quality on middle-aged or elderly adults but university students find themselves in a
crucial stage for the acquisition and consolidation of dietary and sleep-related behaviors
that could be an important point of intervention if needed. Thus, this study aimed to
evaluate sleep and its possible relationship with tryptophan intake in first-year university
students within the uniHcos Project.

2. Material and Methods
2.1. Design and Ethical Considerations

This cross-sectional study is framed within the uniHcos project, a multicenter study
of multipurpose prospective cohorts involving 11 Spanish universities (Ledn, Vigo, Jaén,
Granada, Salamanca, Huelva, Alicante, Cantabria, Valladolid, Castilla-La Mancha, and
Valencia) [53], whose general objective is to understand the lifestyle habits with which
students enter university and their modification during this time period.

The UniHcos project obtained approval from the Ethics Committees of collaborating
universities, and the integration of information files adhered to European and Spanish laws
concerning personal data protection. This study was conducted in accordance with the
principles of the Declaration of Helsinki. Survey protocols, instruments, and procedures
for obtaining informed consent were approved by all participating universities based on
these ethical guidelines.

The inclusion criteria were to be a first-year student enrolled for the first time in
an undergraduate course in one of the participating universities during the 2011-2022
academic years. Students that had been enrolled previously in any undergraduate course,
master’s students, and/or doctoral students were excluded. The information needed to
assess eligibility (enrollment history) and contact the students (institutional email) was
obtained through the secretariats of the participating universities, broken down by campus,
center, and degree program. The invitation to participate in the study, including a letter
explaining the study, its objectives, and clarifying that the data provided would be treated
confidentially, as well as an informed consent form, was sent to all students who met the
inclusion criteria through their institutional e-mails. A flowchart detailing the recruitment
process is included (Figure 1).

2.2. Questionnaire

The surveys were carried out by means of an ad hoc self-administered online question-
naire. A list of the sections that make up the questionnaire used in uniHcos and the surveys
on which they are based can be found in previous publications [53]. The SphinxOnline®
platform, which allows for the creation of two independent files (personal data on the one
hand and the questionnaire variables on the other) coded in such a way that each survey
cannot be related to the individual surveyed was used. The program assigns a random
code to each subject, which makes it possible to resend to students who have not completed
the survey or who have left any part blank, in order to avoid a loss of information, as well
as to keep track of those who have participated. Informed consent and ethical permission
are also included in the online questionnaire.
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Figure 1. PRISMA flow chart: recruitment of study participants.

2.3. Data Collected

The sociodemographic variables collected were the following: sex (male, female); age
(years); marital status (single, domestic partner, married, separated, divorced, or widowed);
employment status (only study and I do not look for work, study and I look for work,
study and work part-time, study and work full-time); housing, defined as the place where
students live during the course (home-family, residence-hall/residence-university, rental,
home-own, others); coexistence, defined as people with whom the student lives during the
course (with my parents, roommates/friends, with my partner, with my children, alone);
and academic specialization (humanities, science, medical, management, engineering,
and architecture).

For a better interpretation of the data, some sociodemographic variables were re-
categorized:

Marital status: single (single, separated, divorced, widowed), married (married,
domestic partner);

Employment status: unemployed (only study and do not look for work, study and look for
work), employed (study and work part time, study and work full time);

Housing: family home, university residence (residence hall/university residence), rental
(rental, home-own, others);

Coexistence: parents, roommates (roommates/friends), partner (with my partner, with my
children), alone.

Sleep-related variables were also collected:

Sleep duration (“Could you tell me, approximately, how many hours you sleep?”);
Short sleep duration (less than 7 h) [54];
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Sleep efficiency (“Do the hours you sleep allow you to get enough rest?” yes, no);
Difficulty to sleep (never, some days, several days, most days, every day);

Wake up several times while sleeping (never, some days, several days, most days,
every day);

Wake up early (never, some days, several days, most days, every day); insomnia (“Do you
suffer from insomnia?” yes, no);

Athens Insomnia Scale [55,56] (no problem, slightly delayed, markedly delayed, very
delayed or did not sleep at all, total score: 0-24).

2.4. Tryptophan Intake

The tryptophan intake variable was constructed from the answers to the food fre-
quency consumption section (FFCS) of the online self-questionnaire completed by all
students modeled after question 96 of Section H4 of the 2006 Spanish National Health
Survey and which has been previously validated for the Spanish population. The FFCS has
5 consumption frequency options (daily, 3—4 times/week but non-daily, 1-2 times/week,
<1 time/week, never/almost never) for 12 different food categories (fresh fruit, meat, eggs,
fish, pasta/rice/potatoes, bread/cereals, vegetables, legumes, charcuterie, dairy, sweets,
and sugary drinks).

Tryptophan intakes were estimated as an average of daily intake by linking the FFCS
data on type and weekly frequency of foods consumed to an ad hoc food composition
database using information from the U.S. Department of Agriculture, Agricultural Research
Service, Beltsville Human Nutrition Research Center. FoodData Central is available from
https:/ /fdc.nal.usda.gov/ (accessed on 26 March 2024) thereby creating an exposure matrix
for tryptophan intake. Intake was then stratified into quartiles for analysis. To evaluate
tryptophan intake adequacy, the estimated daily recommended intake was calculated using
the recommendation of 4.5 mg/kg of bodyweight [39-42].

2.5. Statistical Analysis

All results are presented for the sample as a whole and stratified by gender. Normality
was assessed using the Shapiro-Wilk test. Student’s t-test or the Mann-Whitney U-test
were used for the comparison between two groups of parametric or nonparametric vari-
able means, respectively. ANOVA or Kruskal-Wallis tests were used for the comparison
between 3 or more groups of parametric or nonparametric variable means, respectively.
For the comparison between medians, a median test or an expanded median test as a
non-parametric test was used. Statistical significance was established at the level of p < 0.05
to determine if there were differences between the groups.

Sleep-related factors were analyzed using binary logistic regression (results presented
as odds ratios (ORs)) techniques and 95% confidence intervals (Cls) were calculated, strati-
fying by the tryptophan intake quartile. All results are presented for the sample as a whole
and stratified by gender. Student academic specialization was also analyzed using binary
logistic regression and a 95% CI and stratifying by the tryptophan intake quartile. All
results are presented for the sample as a whole and stratified by gender.

The analysis of the data was performed with the statistical package IBM-SPSS version
28.0 (IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0., Armonk,
NY, USA).

3. Results

A total of 11,485 first-year university students were included in the study. Within
the characteristics of the study population, women represented 72.7% of the university
population studied, with an average age of 20.11 £ 4.62 years, presenting significant
differences between the genders, with 20.47 £ 5.17 years for males and 19.97 £ 4.38
for females.

Table 1 describes the basic sociodemographic characteristics of the population studied
according to gender. The female students that participated in this study were around
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6 months younger than their male counterparts. Differences were observed between the
genders in housing and coexistence during the academic year. Male students were more
likely to live at the family home or their own home while female students were more likely
to live in private rentals. Along this same line, male students were more likely to live
with their parents or alone while female students were more likely to live with roommates.
Differences were also observed in employment rate, with male students more likely to
work. The biggest differences were observed in the academic field of study of the students,
with males more likely to study science, engineering, and architecture and females more
likely to study humanities, medical, and management courses.

Table 1. Sociodemographic characteristics of the university students.

Total Male Female
N =11,485 n = 3138 n = 8347 p

(100%) (27.3%) (72.7%)
Age (Median + SD) 20.11 £ 4.62 2047 £5.17 19.97 +4.38 <0.001
Housing <0.001
Family home 5213 (45.4%) 1537 (49.0%) 3676 (44.0%) <0.001
University residence 1303 (11.3%) 327(10.4%) 976 (11.7%) 0.050
Own home 307(2.7%) 112 (3.6%) 195 (2.3%) <0.001
Other 152(1.3%) 31 (1.0%) 121 (1.4%) 0.091
Rental 4510 (39.3%) 1131 (36.0%) 3379 (40.5%) <0.001
Coexistence <0.001
Parents 5253 (45.7%) 1515 (48.3%) 3738 (44.8%) <0.001
Roommates 4627 (40.3%) 1166 (37.2%) 3461 (41.5%) <0.001
Partner 60.4 (5.3%) 146 (4.7%) 458 (5.5%) 0.088
Alone 1001 (8.7%) 311 (9.9%) 690 (8.3%) 0.007
Marital status 0.140
Single 10,461 (91.1%) 2843 (90.6%) 7618 (91.3%) 0.240
Married 1024 (8.9%) 295 (9.4%) 729 (8.7%) 0.240
Employment status 0.007
Unemployed 10,261 (89.3%) 2764 (88.1%) 7487 (89.7%) 0.014
Employed 1234 (10.7%) 374 (11.9%) 860 (10.3%) 0.014
Specialization <0.001
Humanity 1387 (12.1%) 297 (9.5%) 1090 (13.1%) <0.001
Science College 1741 (15.2%) 571 (18.2%) 1170 (14.0%) <0.001
Medical College 2537 (22.1%) 564 (18.0%) 1973 (23.7%) <0.001
Management 4656 (40.6%) 1005 (32.1%) 3651 (43.8%) <0.001
Engineering and architecture 1155 (10.1%) 698 (22.3%) 457 (5.5%) <0.001

Table 2a,b show the results for the sleep-related variables according to gender. In
Table 2a, the results presented are those obtained from specific questions in the uniHcos
questionnaire, while Table 2b presents the results specific to insomnia that were obtained
from an additional question on the uniHcos questionnaire, and the Athens Insomnia Scale
questionnaire completed by 1380 students. Significant differences are observed for all the
sleep-related variables presented in Table 2a. While female students report longer sleep
duration, they present worse values for all other sleep quality variables. This trend is
also reflected in the insomnia-related results presented in Table 2b where female students
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self-report significantly higher rates of insomnia and record significantly worse Athens
Insomnia Scale scores.

Table 2. (a) Self-reported sleep problems. (b) Insomnia-related (self-reported and Athens Insomnia
Scale) sleep problems.

(a)

Total Male Female
N = 11,485 (100%) n = 3138 (27.3%) n = 8347 (72.7%) P
Sleep duration (Median =+ SD) (h/day) 749 +1.24 744 +1.19 751 +1.25 0.007
Short sleep duration (<7 h/day) 5860 (51.0%) 1643 (52.4%) 4217 (50.5%) 0.041
Sleep Efficiency (Inadequate) 6315 (55.0%) 1967 (62.7%) 4348 (52.1%) <0.001
Difficulty to sleep <0.001
Never 2333 (20.3%) 754 (24.0%) 1579 (18.9%) <0.001
Some days 4633 (40.3%) 1362 (43.4%) 3271 (39.2%) <0.001
Several days 2556 (22.3%) 591(18.8%) 1965 (23.5%) <0.001
Most days 1383 (12.0%) 297 (9.5%) 1086 (13.0%) <0.001
Every day 580 (5.1%) 134 (4.3%) 446 (5.3%) 0.029
Wake up several times while sleeping <0.001
Never 2636 (23.0%) 955 (30.4%) 1681 (20.1%) <0.001
Some days 4600 (40.1%) 1308 (41.7%) 3292 (39.4%) 0.025
Several days 2345 (20.4%) 514 (16.4%) 1831 (21.9%) <0.001
Most days 1360 (11.8%) 247 (7.9%) 1113 (13.3%) <0.001
Every day 544 (4.7%) 114 (3.6%) 430 (5.2%) <0.001
Wake up early <0.001
Never 3784 (32.9%) 1106 (35.2%) 2678 (32.1%) 0.002
Some days 4407 (38.4%) 1281 (40.8%) 3126 (37.5%) 0.001
Several days 1735 (15.1%) 442 (14.1%) 1293 (15.5%) 0.062
Most days 1090 (9.5%) 220 (7.0%) 870 (10.4%) <0.001
Every day 469 (4.1%) 89 (2.8%) 380 (4.6%) <0.001
Total Male Female
N = 1380 (100%) n =334 (24.2%) n = 1046 (75.8%)
Insomnia 777 (56.3%) 154 (46.1%) 623 (59.6%) <0.001
Athens Insomnia Scale
Sleep induction 0.079
No problem 441 (32.0%) 102 (30.5%) 339 (32.4%) 0.517
Slightly delayed 517 (37.5%) 144 (43.1%) 373 (35.7%) 0.015
Markedly delayed 348 (25.2%) 74 (22.2%) 274 (26.2%) 0.143
Very delayed or did not sleep at all 74 (5.4%) 14 (4.2%) 60 (5.7%) 0.289
Wake up in the night 0.323
No problem 568 (41.2%) 146 (43.7%) 422 (40.3%) 0.272
Slightly delayed 537 (38.9%) 133 (39.8%) 404 (39.6%) 0.948
Markedly delayed 223 (16.2%) 44 (13.2%) 179 (17.1%) 0.092
Very delayed or did not sleep at all 52 (3.8%) 11 (3.3%) 41 (3.9%) 0.616
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Wake up early end 0.339

No problem 587 (43.5%) 151 (45.2%) 436 (41.7%) 0.260

Slightly delayed 580 (42.0%) 140 (41.9%) 440 (42.1%) 0.949

Markedly delayed 189 (13.7%) 37 (11.1%) 152 (14.5%) 0.116

Very delayed or did not sleep at all 24 (1.7%) 6 (1.8%) 18 (1.7%) 0.903

Total sleep duration 0.218

No problem 509 (36.9%) 139 (41.6%) 370 (35.4%) 0.041

Slightly delayed 590 (428%) 133 (39.8%) 457 (43.7%) 0.210

Markedly delayed 249 (18.0%) 54 (16.2%) 195 (18.6%) 0.321

Very delayed or did not sleep at all 32 (2.3%) 8 (2.4%) 24 (2.3%) 0.916

Sleep quality 0.055

No problem 532 (38.6%) 148 (44.3%) 384 (36.7%) 0.013

Slightly delayed 555 (40.2%) 128 (38.3%) 427 (40.8%) 0.417

Markedly delayed 245 (17.8%) 47 (14.1%) 198 (18.9%) 0.046

Very delayed or did not sleep at all 48 (3.5%) 11 (3.3%) 37 (3.5%) 0.862

Wellbeing in the day <0.001

No problem 575 (41.7%) 175 (52.4%) 400 (38.2%) <0.001

Slightly delayed 560 (40.6%) 119 (35.6%) 441 (42.2%) 0.033

Markedly delayed 187 (13.6%) 35 (10.5%) 152 (14.5%) 0.063

Very delayed or did not sleep at all 58 (4.2%) 5 (1.5%) 53 (5.1%) 0.004

Daytime operation <0.001

No problem 663 (48.0%) 202 (60.5%) 461 (44.1%) <0.001

Slightly delayed 488 (35.4%) 101 (30.2%) 387 (37.0%) 0.024

Markedly delayed 182 (13.2%) 26 (7.8%) 156 (14.9%) <0.001

Very delayed or did not sleep at all 47 (3.4%) 5 (1.5%) 42 (4.0%) 0.028

Daytime sleepiness <0.001

No problem 394 (28.6%) 135 (40.4%) 259 (24.8%) <0.001

Slightly delayed 723 (52.4%) 161 (48.2%) 562 (53.7%) 0.078

Markedly delayed 213 (15.4%) 33 (9.9%) 180 (17.2%) 0.001

Very delayed or did not sleep at all 50 (3.6%) 5 (1.5%) 45 (4.3%) 0.017
Total sleep

Total score (Median + SD) 6.79 + 4.48 5.85+ 4.10 7.10 + 4.55 <0.001

0-3: No insomnia 366 (28.5%) 257 (24.6%) 109 (32.6%) 0.006

4-7: Subclinical insomnia 492 (35.7%) 361 (34.5%) 131 (39.2%) 0.124

8-14: Clinically significant insomnia 427 (30.9%) 348 (33.3%) 79 (23.7%) <0.001

15-24: Severe insomnia 95 (6.9%) 80 (7.6%) 15 (4.5%) 0.027

0-7 No insomnia 858 (62.2%) 240 (71.9%) 618 (59.1%) <0.001

8-24 Insomnia 522 (37.8%) 94 (28.1%) 428 (40.9%) <0.001

Table 3 shows the calculated tryptophan requirement, tryptophan intake, and the
ratio between the two values. The values for the tryptophan intake quartiles determined
were Q1 (<526.43 mg/day); Q2 (526.43-663.65 mg/day); Q3 (663.65-841.60 mg/day); and
Q4 (>841.60 mg/day). The estimated tryptophan requirement is bodyweight-dependent
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and therefore significant differences between the genders are expected. Males presented
a median requirement over 20% greater than female students; however, their median
intake was only around 8% higher. Therefore, the calculated intake/requirement ratio was
significantly higher in female students. When the sample is divided by tryptophan intake
quartiles, female students predominate in the lowest quartile while male students do so in
the third and fourth quartiles, with no differences found in the second quartile.

Table 3. Tryptophan requirements and intakes.

Total Male Female
N =11,485 n = 3138 n = 8347 P
(100%) (27.3%) (72.7%)
Tryptophan requirement # (Median + SD) (mg/day) 285.11 4 57.58 332.57 + 57.03 268.03 £ 47.66 <0.001
Tryptophan intake
Median £ SD (mg/day) 692.16 £ 246.61 731.84 £ 246.86 677.24 £ 244.87 <0.001
Q1(<526.43 mg/day) 2866 (25.0%) 595 (19.0%) 2271 (27.2%) <0.001
Q2 (526.43-663.65 mg/day) 2860 (24.9%) 782 (24.9%) 2078 (24.9%) 1
Q3 (663.65-841.60 mg/day) 2884 (25.1%) 847 (27.0%) 2037 (24.4%) 0.004
Q4 (>841.60 mg/day) 2875 (25.0%) 914 (29.1%) 1961 (23.5%) <0.001
Intake/Requirement ratio 251 +1.01 227 £0.85 2.60 £ 1.05 <0.001

2 4.5 mg/kg bodyweight/day.

Table 4 shows the results of the binary logistic regression for the association between
some of the sleep-related variables and tryptophan intake quartile. The sleep-related vari-
ables presented are short sleep duration, sleep efficiency, insomnia, and Athens Insomnia
Scale score. Taking the whole sample of students, those within the lowest tryptophan intake
quartile presented an elevated risk of short sleep duration, insomnia, and AIS insomnia
while also presenting a decreased risk of adequate sleep efficiency. In female students,
the same is observed for the risk of short sleep duration, insomnia, and AIS insomnia but
no sleep efficiency. In male students, the elevated risk for short sleep duration and AIS
insomnia is maintained. In the total sample, it must be noted that the risk of short sleep
duration is also elevated in the third quartile of tryptophan intake, which when separating
by gender, is only present in female students.

Table 4. Risk of sleep-related problems by tryptophan consumption quartile.

Athens Insomnia Scale

Sleep Duration (<7 h/day) Sleep Efficiency (Adequate) Insomnia (Yes) (Insomnia)
ORc 95% CI ORc 95% CI ORc 95% CI ORc 95% CI
Male
Q1 1.26 1.02 1.55 0.88 0.72 110 S 034 2.61 2.56 1.36 4.82
Q2 1.00 0.83 121 0.83 0.68 104 [ 185 | 074 247 | 189 | 0.68 2.79
Q3 1.05 0.87 1.27 0.92 0.76 1.12 1.00 0.54 1.86 1.23 0.60 2.54
Q4 1 Reference 1 Reference 1 Reference 1 Reference
Female
Q1 1.19 1.05 1.34 0.93 0.82 105 SN 1.06 206 AN 110 2.05
Q2 0.95 0.84 1.08 1.00 0.87 1.12 1.04 0.73 149 1.22 0.85 1.77
Q3 1.12 1.00 1.27 0.98 0.87 1.11 1.22 0.83 1.80 123 0.83 1.83
Q4 1 Reference 1 Reference 1 Reference 1 Reference
Total
Q1 1.19 1.07 1.34 0.87 0.78 097 I 113 2.08 1.74 1.30 2.33
Q2 0.96 0.87 1.08 0.93 0.83 1.03 1.15 0.49 156 | 182 | 095 1.82
Q3 1.10 1.00 127 0.96 0.86 1.06 118 0.85 1.63 1.26 0.89 1.77
Q4 1 Reference 1 Reference 1 Reference 1 Reference

The darkest green represents the lowest values of the ORcs and the darkest reds the highest values with the
yellows and browns in between.
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Table 5 shows the results of the binary logistic regression for the risk of AIS in-
somnia depending on tryptophan intake quartile and student academic specialization.
Taking the whole sample of students, those with humanities, medical, and management
specializations within the lowest tryptophan intake quartile presented an elevated risk
of AIS insomnia. Humanities students also presented elevated risks of AIS insomnia
within the other tryptophan intake quartiles studied. When separating by gender, this
elevated risk only appears in female humanities students within the two lowest quartiles of
tryptophan intake.

Table 5. Risk of insomnia according to the Athens Insomnia Scale by tryptophan consumption
quartile and academic specialization.

Humanity

Science College Medical College Management Engineering and

n=1387 n=1741 n =2537 n = 4656 Ar;h_‘tlelc;‘s‘re
(12.1%) (15.2%) (22.1%) (40.6%) (10.1%)
ORc 95% CI ORc 95% CI ORc 95% CI ORc 95% CI ORc 95% CI
Male
Q1 0.56 7.81 - - - 1.48 0.49 4.55 0.70 11.10
Q2 4.80 0.11 4.19 - - - 1.25 0.37 4.32 0.04 1.68
Q3 086 006 1125 |N0BAN 008 2380 - - - 100 031 318 | 178 | 034 887
Q4 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
Female
Q1 - 1.04 9.55 1.46 0.62 3.49 1.35 0.63 2.89 1.49 0.95 2.42 - 0.13 2.20
Q2 - 1.01 115 1.13 0.41 30.9 1.00 0.44 2.12 1.21 072 2.05 1.50 0.20 11.08
Q3 - 0.96 11.57 0.92 0.32 2.63 1.01 0.42 2.43 1.27 0.72 2.26 1.00 0.19 6.25
Q4 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference
Total
Qt 102 411 | 157 102 244 128 049 337
Q2 1.35 10.75 1.04 0.437 2.47 1.53 0.74 3.15 1.27 0.79 2.06 - 0.15 1.53
Q3 269 135 10.75 0.79 0.33 1.91 1.50 0.67 3.34 1.19 0.72 1.98 1.36 0.40 4.50

Q4

1 Reference

1 Reference 1 Reference 1 Reference 1 Reference

The darkest green represents the lowest values of the ORcs and the darkest reds the highest values with the
yellows and browns in between.

4. Discussion

In this extensive university student study, we identified that more than 50% of partici-
pants experience sleep problems, with differences noted by gender, and dietary tryptophan
consumption exceeded the current recommended levels [39,41,42]. This prevalence of sleep
problems in university students is higher than that described in other countries [57,58].

Over half of the students surveyed reported short sleep duration (51.0%) or inadequate
sleep efficiency (55.0%), which is comparable to the results from other recent studies in
Spanish university students [7,59-62].

Tryptophan consumption was high with median intakes being over twice the estimated
daily requirement for both male (2.27 times) and female (2.60 times) students. While global
studies focused on dietary tryptophan consumption are limited, previous studies have also
shown intake levels in adult populations well over the estimated requirements [63-65].

However, we also discovered that participants in the highest quartiles of dietary tryp-
tophan intake had a reduced risk of sleep disorders compared to those in the lowest quartile.
Furthermore, dietary tryptophan was positively associated with sleep duration, sleep ef-
ficiency, and lower levels of insomnia (Athens Insomnia Scale). Sleep duration partially
mediated the relationship between tryptophan intake and sleep quality in Spanish univer-
sity students. To our knowledge, this is the first study to investigate the impact of dietary
tryptophan intake on sleep, as well as the mediating role of sleep duration. Our findings
underscore the importance of moderately increasing tryptophan consumption to enhance
sleep quality, particularly given that student intake exceeds current recommendations.

Our study’s analysis of the association between tryptophan and sleep duration sug-
gests that tryptophan consumption may moderately increase sleep time under real-life
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conditions. Recent randomized controlled trial studies by Sutanto et al. have evaluated
the impacts of 5-hydroxytryptophan (5-HTP) supplementation on sleep quality and the
composition of the intestinal microbiota in older adults [66,67]. In these studies, 5-HTP
supplementation is shown to improve certain sleep quality components and gut micro-
biota composition in older adults and this benefit is more prominently observed in poor
sleepers [66,67]. While their study population is very different to ours, their results are
important given that the quality of sleep gradually decreases during the aging process,
and if 5-HTP supplementation can potentially act to restore imbalances in the composi-
tion of the intestinal microbiota, it might mitigate cognitive impairments caused by sleep
deprivation [68]. Furthermore, support for the beneficial effects of dietary tryptophan on
sleep parameters is reinforced by a meta-analysis encompassing 18 studies from diverse
ethnicities and regions, which highlighted that tryptophan could enhance various aspects
of sleep [37].

The present results revealed that students consuming the lowest level of tryptophan
had worse sleep outcomes, and coincidently, female students that had lower intakes than
their male counterparts presented higher risks for sleep problems. Regarding student
academic specialization, humanities students presented a significantly higher risk of sleep
problems for all tryptophan intake levels, but when separated by sex, the risk only remained
in the two lowest quartiles of female students. It remains unclear if academic orientation
plays a significant role in the relation between tryptophan intake and sleep problems.
However, this study showed an association between lower tryptophan consumption and
sleep problems, even though intake was well above recommendations. This may indicate
that the diet as a whole is of a lower quality as the fact that tryptophan requirements are
sufficiently covered makes it unlikely that this would be the only reason for poorer sleep.

While comprehensive international studies estimating dietary tryptophan intake are
limited [44-46,69,70], previous studies, in agreement with the results presented here, con-
firm the positive association of tryptophan intake and better sleep outcomes [71-73]. Fur-
thermore, low tryptophan has been shown to raise the risk of metabolic risk factors and
all-cause mortality [49,74].

As an essential amino acid, tryptophan cannot be produced by the human body and
must be obtained from food. Tryptophan is essential in several physiological activities,
regulating neurobehavioral effects such as appetite, sleeping-waking rhythm, and pain
perception [75,76]. It is a precursor in the synthesis of the neurotransmitter serotonin
that affects mood, appetite, and sleep and the epiphyseal hormone secreted in the brain,
melatonin, which plays a crucial role in regulating the circadian rhythm [75,76].

Animal studies have elucidated the potential mechanisms behind these effects. Ardian-
syah et al. proposed that both a single oral dose and ongoing treatment with tryptophan
improved glucose metabolism and blood pressure in rats, with these benefits mediated
by serotonin levels [77]. Tryptophan serves as the substrate for serotonin synthesis and
is converted into 5-hydroxytryptophan (5-HT) by tryptophan hydroxylase, which is the
rate-limiting enzyme in serotonin production [78]. Tryptophan hydroxylase operates at
50% saturation with its substrate under normal physiological conditions. Therefore, any
change in tryptophan availability in the brain can significantly impact serotonin synthesis
in the brain [79].

Manipulating dietary tryptophan affects plasma tryptophan levels and the ratio of
tryptophan to large neutral amino acids (LNAAs). This ratio is critical because it determines
the availability of tryptophan across the blood-brain barrier [38]. Serotonin-containing
neurons are primarily located in the raphé nuclei of the brainstem and project widely to
the cerebral cortex, hypothalamus, and major autonomic nuclei. This extensive network
suggests that these neurons exert broad regulatory control over various physiological
and behavioral functions [80]. Therefore, it is logical to conclude that dietary tryptophan
influences serotonin levels, thereby potentially reducing the risk of sleep problems.

However, the precise mechanism underlying the sedative effect of tryptophan has not
been fully elucidated. Tryptophan serves as a precursor for the neurotransmitter serotonin,
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which in turn is involved in the synthesis of melatonin. Both serotonin and melatonin are
believed to play roles in the regulation of sleep and circadian rhythms, and they are used
in the treatment of insomnia [63].

Moreover, previous studies in humans and experimental animals have convincingly
demonstrated the capacity of dietary tryptophan to influence serotonin and melatonin
secretion [81]. One of the physiological effects of melatonin is to stimulate peripheral
vasodilation, which in turn decreases core body temperature. This reduction in central
temperature helps facilitate the onset of sleep [82]. However, like serotonin (5-HT), the
precise mechanisms and specific brain areas where serotonin and melatonin act to induce
sleep remain unclear. Therefore, further research into these mechanisms is essential for a
better understanding of sleep regulation.

Given this, sleep problems due to insufficient dietary tryptophan intake should not
be present, but this should be further investigated in a study focused specifically on com-
pliance with tryptophan intake recommendations and its association with sleep problems
that also considers other common causes as confounders. However, while in this study
causality cannot be attributed, an association with tryptophan intake level and sleep prob-
lems is present. Students in the lowest quartiles of intake have a higher risk of sleep
problems than those with higher intakes even though they mainly comply with the higher
end of the commonly accepted recommendations for tryptophan intake of 4.5 mg/kg of
bodyweight [39-42].

5. Limitations

This study has certain limitations that must be considered. First, the sample is unevenly
distributed according to gender. Almost three-quarters of the participants are female,
which in any case is in line with participation rates observed in similar studies. In the
11 participating universities, the average ratio of female students in 2010-2024 is 56.7%,
16% points lower than that of the survey respondents. This is in line with what is known
about gender-based survey participation as women tend to be more likely to self-select to
participate in online surveys [83]. While acknowledging this participation bias, we do not
believe it significantly affects the results of our study. Given that the online questionnaire is
very comprehensive and covers many different areas, we do not believe that those with
sleep issues would be more or less inclined to respond. However, we do recognize that
certain individuals or groups, such as habitual drug or alcohol users, may participate
less even when guaranteed anonymity due to social desirability bias. Also, given that
the estimated tryptophan requirement is only bodyweight-dependent and individualized,
significant differences between the genders are expected and any bias resulting from
non-response of certain subgroups of individuals should not affect the results. Therefore,
while certain individuals or subgroups of each gender may in fact be more inclined to
participate in the survey, the results relating to sleep and tryptophan intake are not expected
to be affected. However, ideally, in in order to most accurately assess any gender-based
differences, it would be best if the number of male students included in the study could be
increased to match that of the female students.

Regarding the accuracy of the calculated tryptophan intake, it is almost impossible
to 100% accurately determine dietary intake without more extensive information on the
type and frequency of food consumed. The amount and detail of the information needed
makes it impossible to obtain in practice with the current means available. It should also be
noted that the use of the USDA food database is a limitation, since American food is not
the same as Spanish food. However, a similar database for Spanish food is not currently
available. Therefore, given that all calculations were made using the method considered
best practice for estimating tryptophan intake, any deviations, positive or negative, from
the real value would apply to the whole sample and relative intakes should remain the
same and allow for accurate comparison between the intake quartiles. One data point that
could be easily included, however, is the potential use of tryptophan supplements by the
students which may affect their total daily intake. This information could be incorporated
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into the questionnaire administered to the students in future data collection rounds within
the uniHcos Project.

A significant limitation of the study is the presence of confounding variables not
considered in the analyses. Some of these confounders which could significantly impact
sleep include coffee and alcohol consumption, which could be significant given that the
subjects are undergraduate students. Also, the intake of other nutrients, such as LNAAs,
omega-3, and fiber, or the overall quality of the diet can be important for sleep quality.
Finally, the possible influence of physical activity on sleep has also not been included as
a confounder.

One of the most important limitations of the study is the nature of sleep itself. The
sleep-wake cycle is a complex phenomenon. Many factors can disturb sleep in university
students: diet, lifestyle (smoking, alcohol and drug use, exercise, etc.), environment, health,
stress, travel, and numerous other physical, psychological, biological, and social factors.
The factors that influence sleep are vast and it is thought that some still remain unidentified.
Given this, to determine the effect that a single factor, such as tryptophan intake, has on
sleep more accurately, it is necessary to adjust for the other possible confounders present
in the studied population. In this study, however, our ability to do this is very limited
due to the constraints of the data available. However, in future studies, information on
confounding factors should be considered and the results adjusted for them.

6. Conclusions

Our results demonstrate the potential benefits of tryptophan intake for sleep improve-
ment. Furthermore, sleep duration partially mediated this association. The findings from
this extensive study support the potential benefit of tryptophan intake in the prevention and
management of sleep issues, likely due to its positive effects on sleep quality. Since the un-
derlying mechanisms of these phenomena are not fully understood, additional mechanistic
studies investigating the impact of tryptophan consumption on sleep are warranted.

In conclusion, an association was found between a lower consumption of tryptophan
and worse sleep in Spanish university students. Future studies should be carried out
considering the large sample size, gender bias, other age groups, and that other social
factors may influence sleep quality.
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