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Preface to ”Recent Advances in Nutritional

Psychiatry”

Mental health disorders represent a major public health issue due to their impact on years lived

with disability, and cross-talk with other non-communicable diseases, such as cancer, cardiovascular

diseases, and diabetes. Importantly, most of these conditions can be prevented by implementing

healthy dietary habits. Consequently, a recently developed field of psychiatry, “nutritional

psychiatry”, is focused on investigating the relationships among dietary factors, eating habits, and

mental disorders in order to form methods for the prevention and treatment of mental disorders.

This Special Collection from Nutrients will focus on both observational and molecular studies

that investigate the effects of nutrients, foods, and whole dietary patterns on mental health. We

invited authors to submit reviews and studies providing evidence of the effects of nutritional factors

on cognitive function, depression, sleep patterns, stress, and quality of life.

Giuseppe Grosso

Editor
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Abstract: Nutritional sciences have been recognized as being of paramount importance for the

prevention of non-communicable diseases. Among others, mental health disorders have been

hypothesized to be influenced by dietary risk through a variety of molecular mechanisms. The

improvements in the technology and implementation of-omics sciences in terms of nutrition have

created the possibility of studying the relation between diet, gut microbiota and mental health. The

gut–brain–axis represents the core rationale setting the stage for a relatively new discipline of study

defined as “nutritional psychiatry”. Research on this matter will help to better understand the

relation between food and mood, sleep quality, cognition, and mental health in general.

Keywords: diet; dietary factors; lifestyle; gut microbiota; nutritional psychiatry; mental health; sleep;

cognitive; mood; anxiety

Mental health disorders have risen as common morbidities of this century [1]. They
are characterized by a number of clinical conditions, among which, stress, anxiety, and
depression are the most common, which could evolve and mutate into far more dangerous
illnesses, including psychosis and schizophrenia [2]. In 2017, it was estimated that mental
disorders accounted for about 14% of worldwide years lived with disability (depression
alone accounted for over 50 million and anxiety disorders about half of that) [3]. The
reasons for such a rise in the incidence of mental health disorders is unknown: from an
epidemiological point of view, a better knowledge of these conditions allowed a more
timely recognition and consequently, a higher rate of diagnosis. However, an increased
incidence of such illnesses has been recognized, and a common hypothesis relies on the
modern lifestyle and the “stressogenic” environment we live in [4,5]. In fact, lifestyles have
greatly changed over the last 50 years: urbanization and the technological improvements
up to the so-called “information revolution”, the modern lifestyle characterized by longer
days (due to night lights), the long screen-hours, accompanied by the pressure from a
competitive society may finally result in a mismatch with the human genetic heritage,
largely unchanged from our ancestors [6]. The resulting trends over the future projections
of incidence of mental diseases are thus alarming, being anticipated that by 2030 mental
health diseases will be the leading cause of disease burden globally [7].

While pharmacological therapies have been of primary use and utility to cure mental
disorders, behavioral interventions have caught on in recent decades as support for con-
ventional therapy. However, nearly no progress has been made regarding the prevention
of such conditions, as no univocal risk factor has been identified. With the discovery of
inflammation playing a role in several central nervous system diseases [8], an intriguing
hypothesis has been postulated not long ago, suggesting that dietary factors may play
a role in mental health diseases [9]. From a mechanistic point of view, a potential direct
anti-inflammatory effect (i.e., omega-3 polyunsaturated fatty acids), antioxidant action
(i.e., polyphenols able to pass the blood–barrier membrane, such as anthocyanins, etc.),
or functional modulation (i.e., group B vitamins, glycine, L-ornithine, tryptophan amino
acids, etc.), may provide the rationale for the potential effects of diet on mental health [10].

Nutrients 2021, 13, 1282. https://doi.org/10.3390/nu13041282 https://www.mdpi.com/journal/nutrients
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This evidence has set the stage for a new discipline of study defined as “nutritional psychi-
atry” [11].

Today, nutritional support as supplements or dietary interventions characterize adju-
vant therapy against depression, anxiety, stress, and cognitive decline [12–16]. Moreover, a
great deal of studies have been conducted relating dietary variables and the prevention of
mental health disorders [17–19]. Together with the aforementioned mechanisms, current
evidence suggests that the rich innervation of the gastrointestinal system might deliver
impulses and signals to the brain in addition to receiving them [20]. In this context, the
gut microbiota may play an important role in the integrity and proper functionality of the
human gut: certain dietary factors may affect the intestinal microbiome, resulting in the
alteration of nutrient absorption, weakening of the intestinal barrier against toxins and
bacteria per se, the determination of chronic inflammation, and subsequently, the activation
of neural pathways that directly affect the functionality of the central nervous system [21].
Alterations of gut microbiota have been demonstrated in association with changes in food
intake or adherence to an entire dietary pattern (in an healthy or unhealthy direction) [22].
Recent evidence also suggests that circadian rhythms and feeding time (i.e., intermittent
fasting or time-restricted feeding) may also play a role in the gut microbiota profile, with
consequent potential effects on systemic inflammation and mental health outcomes.

The Special Issue “Recent Advances in Nutritional Psychiatry” provided new and
interesting insights on this matter including cognitive status, depression, and sleep quality.
The study of Fisicaro et al. [23] showed that mocha (stove) coffee consumption may be
associated with improved cognitive and mood status. Currenti et al. [24] also provided
the first evidence that not only diet quality features, but also time of eating may play a
role on cognitive status: specifically, individuals having their eating time restricted to 10 h
were less likely to have cognitive impairment in a cohort of southern Italian older adults. A
laboratory study explored the hypothesis that the content in anthocyanins of isogenic wheat
lines may be determinant to exert positive effects on neurodegenerative disorders [25].
Concerning sleep quality, two studies have shown an association of higher adherence to
the Mediterranean diet during pregnancy [26] and food security with sleep quality [27],
respectively; a third study from our group provided the first evidence of a potential role
played by dietary polyphenol content in sleep quality [28]. Diet quality has also been
related to depression in two studies: Cebrino et al. [29] reported that non-depressive
individuals had a higher diet quality than depressive ones in a nationwide cross-sectional
study conducted in Spain; in the study of Marozoff et al. [30], the authors showed that
increasing Healthy Eating Index-Canada scores were associated with fewer physician visits
for depression in a prospective investigation of adults living in Alberta (Canada).

The review of Janda et al. [31] summarized the evidence from clinical trials of the
therapeutic effects of Passiflora incarnata in neuropsychiatric disorders showing potential
for its use against anxiety symptoms with no adverse effects to mention. Finally, the review
of Wlodarczyk et al. [32] points out that the ketogenic diet might be used as an add on to
common psychotherapy and pharmacology for anxiety disorders.

The growing number of studies related to nutritional psychiatry corroborates the
need for a better understanding of the relation between dietary factors and mental health
disorders. Future studies should fill the gap between the epidemiological and clinical
evidence of the prevention of mental health disorders through dietary factors by investi-
gating mechanistic features related to gut microbiota and its interaction with the central
nervous system.

Funding: This study was a part of the ADICOS (Association between Dietary Factors and Cognitive
Status) project funded by the “Piano di Incentivi per la Ricerca di Ateneo 2020/2022–Starting Grant”
of the University of Catania, Italy (G.G.).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

2



Nutrients 2021, 13, 1282

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest. The funders had no role in the design
of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.

References

1. Whiteford, A.H.; Degenhardt, L.; Rehm, J.; Baxter, A.J.; Ferrari, A.J.; Erskine, E.H.; Charlson, F.J.; Norman, E.R.; Flaxman, A.D.;
Johns, N.; et al. Global burden of disease attributable to mental and substance use disorders: Findings from the Global Burden of
Disease Study 2010. Lancet 2013, 382, 1575–1586. [CrossRef]

2. Rehm, J.; Shield, K.D. Global Burden of Disease and the Impact of Mental and Addictive Disorders. Curr. Psychiatry Rep. 2019, 21, 10.
[CrossRef] [PubMed]

3. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and
years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: A systematic analy-sis for the
Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858. [CrossRef]

4. Hoare, E.; Jacka, F.; Berk, M. The impact of urbanization on mood disorders. Curr. Opin. Psychiatry 2019, 32, 198–203. [CrossRef]
5. Lewis-Fernández, R.; Hinton, D.E.; Laria, A.J.; Patterson, E.H.; Hofmann, S.G.; Craske, M.G.; Stein, D.J.; Asnaani, A.; Liao, B.

Culture and the anxiety disorders: Recommendations for DSM-V. Depress. Anxiety 2010, 27, 212–229. [CrossRef]
6. Grinde, B. An approach to the prevention of anxiety-related disorders based on evolutionary medicine. Prev. Med. 2005, 40,

904–909. [CrossRef] [PubMed]
7. Patel, V.; Saxena, S.; Lund, C.; Thornicroft, G.; Baingana, F.; Bolton, P.; Chisholm, D.; Collins, P.Y.; Cooper, J.L.; Eaton, J.; et al. The

Lancet Commission on global mental health and sustainable development. Lancet 2018, 392, 1553–1598. [CrossRef]
8. Caruso, G.; Fresta, C.G.; Grasso, M.; Santangelo, R.; Lazzarino, G.; Lunte, S.M.; Caraci, F. Inflammation as the Common Biological

Link Between Depression and Cardiovascular Diseases: Can Carnosine Exert a Protective Role? Curr. Med. Chem. 2020, 27,
1782–1800. [CrossRef]

9. Grosso, G. Nutrition and aging: Is there a link to cognitive health? Int. J. Food Sci. Nutr. 2020, 71, 265–266. [CrossRef] [PubMed]
10. Godos, J.; Currenti, W.; Angelino, D.; Mena, P.; Castellano, S.; Caraci, F.; Galvano, F.; Del Rio, D.; Ferri, R.; Grosso, G. Diet and

Mental Health: Review of the Recent Updates on Molecular Mechanisms. Antioxidants 2020, 9, 346. [CrossRef] [PubMed]
11. Logan, A.C.; Jacka, F.N. Nutritional psychiatry research: An emerging discipline and its intersection with global urbanization,

environmental challenges and the evolutionary mismatch. J. Physiol. Anthr. 2014, 33, 22. [CrossRef] [PubMed]
12. Grosso, G.; Pajak, A.; Marventano, S.; Castellano, S.; Galvano, F.; Bucolo, C.; Drago, F.; Caraci, F. Role of Omega-3 Fatty Acids

in the Treatment of Depressive Disorders: A Comprehensive Meta-Analysis of Randomized Clinical Trials. PLoS ONE 2014,
9, e96905. [CrossRef]

13. Caruso, G.; Godos, J.; Castellano, S.; Micek, A.; Murabito, P.; Galvano, F.; Ferri, R.; Grosso, G.; Caraci, F. The Therapeutic Potential
of Carnosine/Anserine Supplementation against Cognitive Decline: A Systematic Review with Meta-Analysis. Biomedicines 2021,
9, 253. [CrossRef]

14. Young, L.M.; Pipingas, A.; White, D.J.; Gauci, S.; Scholey, A. A Systematic Review and Meta-Analysis of B Vitamin Supple-
mentation on Depressive Symptoms, Anxiety, and Stress: Effects on Healthy and ‘At-Risk’Individuals. Nutrients 2019, 11, 2232.
[CrossRef]

15. Cheng, Y.; Huang, Y.; Huang, W. The effect of vitamin D supplement on negative emotions: A systematic review and meta-analysis.
Depress. Anxiety 2020, 37, 549–564. [CrossRef]

16. Marx, W.; Lane, M.; Rocks, T.; Ruusunen, A.; Loughman, A.; Lopresti, A.; Marshall, S.; Berk, M.; Jacka, F.; Dean, O.M. Effect of
saffron supplementation on symptoms of depression and anxiety: A systematic review and meta-analysis. Nutr. Rev. 2019, 77,
557–571. [CrossRef]

17. Wu, P.-Y.; Chen, K.-M.; Belcastro, F. Dietary patterns and depression risk in older adults: Systematic review and meta-analysis.
Nutr. Rev. 2020. [CrossRef]

18. McCabe, D.; Lisy, K.; Lockwood, C.; Colbeck, M. The impact of essential fatty acid, B vitamins, vitamin C, magnesium and zinc
supplementation on stress levels in women. JBI Database Syst. Rev. Implement. Rep. 2017, 15, 402–453. [CrossRef]

19. Godos, J.; Grosso, G.; Castellano, S.; Galvano, F.; Caraci, F.; Ferri, R. Association between diet and sleep quality: A systematic
review. Sleep Med. Rev. 2021, 57, 101430. [CrossRef] [PubMed]

20. Salvucci, E. The human-microbiome superorganism and its modulation to restore health. Int. J. Food Sci. Nutr. 2019, 70, 781–795.
[CrossRef] [PubMed]

21. Ceppa, F.; Mancini, A.; Tuohy, K. Current evidence linking diet to gut microbiota and brain development and function. Int. J.

Food Sci. Nutr. 2018, 70, 1–19. [CrossRef]
22. Marx, W.; Moseley, G.; Berk, M.; Jacka, F. Nutritional psychiatry: The present state of the evidence. Proc. Nutr. Soc. 2017, 76,

427–436. [CrossRef]
23. Fisicaro, F.; Lanza, G.; Pennisi, M.; Vagli, C.; Cantone, M.; Pennisi, G.; Ferri, R.; Bella, R. Moderate Mocha Coffee Consumption Is

Associated with Higher Cognitive and Mood Status in a Non-Demented Elderly Population with Subcortical Ischemic Vascular
Disease. Nutrients 2021, 13, 536. [CrossRef]

3



Nutrients 2021, 13, 1282

24. Currenti, W.; Godos, J.; Castellano, S.; Caruso, G.; Ferri, R.; Caraci, F.; Grosso, G.; Galvano, F. Association between Time Restricted
Feeding and Cognitive Status in Older Italian Adults. Nutrients 2021, 13, 191. [CrossRef] [PubMed]

25. Tikhonova, M.A.; Shoeva, O.Y.; Tenditnik, M.V.; Ovsyukova, M.V.; Akopyan, A.A.; Dubrovina, N.I.; Amstislavskaya, T.G.;
Khlestkina, E.K. Evaluating the Effects of Grain of Isogenic Wheat Lines Differing in the Content of Anthocyanins in Mouse
Models of Neurodegenerative Disorders. Nutrients 2020, 12, 3877. [CrossRef]

26. Flor-Alemany, M.; Nestares, T.; Alemany-Arrebola, I.; Marín-Jiménez, N.; Borges-Cosic, M.; Aparicio, V.A. Influence of Dietary
Habits and Mediterranean Diet Adherence on Sleep Quality during Pregnancy. The GESTAFIT Project. Nutrients 2020, 12, 3569.
[CrossRef]

27. Isaura, E.R.; Chen, Y.-C.; Su, H.-Y.; Yang, S.-H. The Relationship between Food Security Status and Sleep Disturbance among
Adults: A Cross-Sectional Study in an Indonesian Population. Nutrients 2020, 12, 3411. [CrossRef] [PubMed]

28. Godos, J.; Ferri, R.; Castellano, S.; Angelino, D.; Mena, P.; Del Rio, D.; Caraci, F.; Galvano, F.; Grosso, G. Specific Dietary
(Poly)phenols Are Associated with Sleep Quality in a Cohort of Italian Adults. Nutrients 2020, 12, 1226. [CrossRef]

29. Cebrino, J.; De La Cruz, S.P. Diet Quality and Sociodemographic, Lifestyle, and Health-Related Determinants among People
with Depression in Spain: New Evidence from a Cross-Sectional Population-Based Study (2011–2017). Nutrients 2020, 13, 106.
[CrossRef] [PubMed]

30. Marozoff, S.; Veugelers, P.J.; Dabravolskaj, J.; Eurich, D.T.; Ye, M.; Maximova, K. Diet Quality and Health Service Utilization for
Depression: A Prospective Investigation of Adults in Alberta’s Tomorrow Project. Nutrients 2020, 12, 2437. [CrossRef] [PubMed]

31. Janda, K.; Wojtkowska, K.; Jakubczyk, K.; Antoniewicz, J.; Skonieczna-Żydecka, K. Passiflora incarnata in Neuropsychiatric
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Abstract: Background: Due to the increased life expectancy, the prevalence of aging-related health

conditions, such as cognitive impairment, dementia and Alzheimer’s disease is increasing. Among

the modifiable risk factors, dietary factors have proved to be of primary importance in preserving

and improving mental health and cognitive status in older adults, possibly through the modulation

of adult neurogenesis, neuronal plasticity and brain signaling. Feeding/fasting timing manipulation

has emerged as an innovative strategy to counteract and treat cognitive decline. The aim of this

study was to investigate the association between the timing of the feeding period and cognitive

status in a cross-sectional cohort of adults living in the Mediterranean area. Methods: Demographic

and dietary characteristics of 883 adults living in Southern Italy (Sicily) were analyzed. Food

frequency questionnaires were used to calculate the time window between the first and the last

meal of an average day. Participants with an eating time window duration of more than 10 h were

then identified, as well as those with eating time restricted to less than 10 h (TRF). Results: After

adjusting for potential confounding factors, individuals adherent to TRF were less likely to have

cognitive impairment, compared to those with no eating time restrictions [odds ratio (OR) = 0.28; 95%

confidence intervals (CI): 0.07–0.90]; a similar association was found for individuals having breakfast

(OR = 0.37, 95% CI: 0.16–0.89), but not for those having dinner. Conclusions: The results of this study

reveal that time restricted eating may be positively associated with cognitive status, and thus exert

plausible effects on brain health.

Keywords: time restricted feeding; intermittent fasting; chrononutrition; cognitive; brain diseases;

brain; aging; risk factor; cohort; Mediterranean diet

1. Introduction

Due to the increased life expectancy, aging-related health conditions are becoming a
relevant socio-economic burden for all populations worldwide [1]. In fact, in recent years a
significant rise in the prevalence of neurodegenerative diseases, including a progressive
global deterioration of cognitive abilities in multiple domains, such as learning, memory,
orientation, language, comprehension and judgment has been observed in older adults [2].
To date, there is no effective pharmacological treatment capable of curing dementia [3];
thus, it is important to prevent or delay the onset of cognitive deterioration.

Despite the fact that the causes of neurological diseases are multifactorial, there
is a growing body of evidence showing that modifiable risk factors, such as nutrition
and lifestyle, play an important role in the prevention of neurodegenerative diseases [4].
Among modifiable risk factors, dietary factors have been identified as playing a potential
role in preserving and possibly improving mental health and cognitive status in older

Nutrients 2021, 13, 191. https://doi.org/10.3390/nu13010191 https://www.mdpi.com/journal/nutrients
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adults [5]. Recent scientific evidence demonstrated the beneficial effect of plant-based
foods and beverages, rich in polyphenols [6], toward cognitive health, including fruits
and vegetables [7]), nuts, whole grains and legumes [8–10], and coffee [11]. However,
not only plant-based foods and/or manipulation of macronutrient intake have an effect;
in fact nutritional interventions that consist of reducing global calories or increasing the
fasting window between two meals have often been reported to improve healthspan and
lifespan in a variety of organisms in laboratory settings, with increasing evidence that they
are effective in humans [12]. However, only recently some studies have been published
on intermittent fasting (IF) and outcomes related to cognitive status, although results are
unequivocal [13,14].

Time-restricted feeding (TRF) is a form of IF in which all nutrient intake occurs within
a few hours (usually ≤12 h) everyday, without any attempt to alter nutrient quality or
calories. The concept of TRF arose within the context of circadian rhythms, which are daily
circa 24-h rhythms in physiology, metabolism and behavior sustained under constant light
or dark conditions [15]. TRF has been hypothesized to modify brain neurochemistry and
neuronal network activity in ways that optimize brain function and peripheral energy
metabolism [16,17]. Indeed, favorable effects of IF toward insulin metabolism, regulation
of autophagy and neuro-inflammation, modulation of the expression of brain derived
neurotrophic factor (BDNF) and regulation of behavior have been previously demonstrated;
and importantly, all of the foregoing may affect neurogenesis and neuroplasticity [18].
However, most of the studies have been conducted in laboratory settings and studies
on humans, even though observational, are lacking [19]. The aim of this study was to
investigate the association between time feeding period and cognitive status in a cohort of
adults living in the Mediterranean area.

2. Materials and Methods

2.1. Study Population

The MEAL study is an observational study aiming to investigate the association
between nutritional and lifestyle habits characterizing the classical Mediterranean area
and non-communicable diseases. The baseline data comprised a sample of 2044 men and
women aged 18 or more years old randomly selected and enrolled between 2014 and 2015
in the main districts of the city of Catania, southern Italy. Details of the study protocol are
published elsewhere [20]. Briefly, data collection was performed through the registered
records of local general practitioners stratified by sex and 10-year age groups. The theoreti-
cal sample size was set at 1500 individuals to provide a specific relative precision of 5%
(Type I error, 0.05; Type II error, 0.10), taking into account an anticipated 70% participation
rate. Out of 2405 individuals invited, the final sample size was 2044 participants (response
rate of 85%). Given the outcome investigated has a major impact at older ages, the analysis
for the present study was restricted to individuals of age of 50 years old or older (n = 916).
Aims of the study were introduced to all participants and informed written consent was
obtained. The study protocol has been reviewed and approved by the concerning ethical
committee and all the study procedures were carried out in accordance with the Declaration
of Helsinki (1989) of the World Medical Association.

2.2. Data Collection

Face-to-face assisted personal interviews were conducted and electronic data collec-
tion was performed using tablet computers. All participants were provided with a paper
copy of the questionnaire to visualize the response options. Nonetheless, final answers
were registered directly by the interviewer. The demographic data including gender, age
at recruitment, highest educational degree achieved, occupation (specifies the character
of the most important employment during the year before the investigation) or last oc-
cupation before retirement, and marital status were collected. Occupational status was
categorized as (i) unemployed, (ii) low (unskilled workers), (iii) medium (partially skilled
workers), and (iv) high (skilled workers). Educational status was categorized as (i) low (pri-
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mary/secondary), (ii) medium (high school), and (iii) high (university). The International
Physical Activity Questionnaire (IPAQ) was used to assess physical activity [21], it included
a set of questionnaires (five domains) investigating the time spent being physically active
in the last 7 days. According to the IPAQ guidelines, physical activity level was categorized
as (i) low, (ii) moderate, and (iii) high. Smoking status was categorized as (i) non-smoker,
(ii) ex-smoker, and (iii) current smoker, while alcohol consumption was categorized as (i)
none, (ii) moderate drinker (0.1–12 g/d) and (iii) regular drinker (>12 g/d). Data regarding
health status including information about anthropometric measurements assessed through
standard methods and previous or current cardiometabolic diseases and cancer were also
collected [22].

2.3. Dietary Assessment

In order to assess the dietary intake, two food frequency questionnaires (FFQ, a long
and a short version) previously tested for validity and reliability for the Sicilian population
were administered [23,24]. The determination of the food intake, the energy content as
well as the macro- and micro-nutrients intake were obtained through comparison with
food composition tables of the Italian Research Center for Foods and Nutrition (Available
online: https://www.crea.gov.it/-/tabella-di-composizione-degli-alimenti accessed on
17 July 2020). Intake of seasonal foods referred to consumption during the period in which
the food was available and then adjusted by its proportional intake in one year. FFQs
with unreliable intakes (<1000 or >6000 kcal/d) were excluded from the analyses (n = 22)
leaving a total of 883 individuals included in the analysis.

2.4. Time Feeding

Participants were asked whether and what time, on average, they consumed their daily
meals over the last 6 months (including breakfast, snacks, lunch and dinner). Consequently,
the window of time between the first and the last meal of an average day was calculated;
participants were finally categorized in those having an eating time window duration of
more than 10 h and those with time restricted feeding less than 10 h (TRF).

2.5. Cognitive Evaluation

Cognitive status was evaluated using the Short Portable Mental Status Questionnaire
(SPMSQ) [25], designed to measure cognitive impairment in both general and hospital pop-
ulation [26] also applied to the Italian population [27]. This 10-item tool was administered
by the clinician in the office or in a hospital. The pre-defined categories for interpretation
of the screening tool were (i) intact, less than 3 errors; (ii) mild, 3 to 4 errors; (iii) moderate,
5 to 7 errors, and (iv) severe, 8 or more errors. For this study, we considered more than
2 errors as a cut off point for impaired cognitive status.

2.6. Statistical Analysis

We analyzed the baseline cross-sectional data from this cohort. Exposure variables
were eating time window (TRF vs. no eating time restriction), having breakfast and having
dinner (vs. skipping). Categorical variables are presented as frequencies of occurrence and
percentages; differences between groups were tested with Chi-squared test. Continuous
variables are presented as means and standard deviations (SDs); differences between
groups were tested with Student’s t-test or Mann-Whitney U-test for normally and not-
normally distributed variables, respectively. The relation between exposure variables and
cognitive status was tested through multivariate logistic regression analysis adjusted for
baseline characteristics (age, sex, marital, educational and occupational status, smoking
and alcohol drinking habits, and physical activity level). All reported p values were based
on two-sided tests and compared to a significance level of 5%. SPSS 17 (SPSS Inc., Chicago,
IL, USA) software was used for all the statistical calculations.
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3. Results

Background characteristics of the study population according to feeding time window
duration and meal habits are presented in Table 1. Among those having TRF there were
less individuals with low educational and occupational status, more former smokers,
less overweight, obesity, type-2 diabetes, hypertension, dyslipidemia and CVD (Table 1).
Also regarding breakfast and dinner there were some differences among groups: for
instance, among those having breakfast there were more older women, lower educational
and occupational status, more never smokers, hypertensive, dyslipidemic and previous
CVD; regarding dinner, there was a significant different distribution of occupational status
categories despite with no clear trends (Table 1).

Table 1. Background characteristics of the study population according to eating time window duration (TRF vs. no
restriction), breakfast (yes vs. no), and dinner (yes vs. no).

TRF Breakfast Dinner

Yes (n = 98) No (n = 785) p-Value Yes (n = 702) No (n = 181) p-Value Yes (n = 859) No (n = 24) p-Value

Sex, n (%) 0.226 <0.001 0.499

Men 48 (49) 334 (42.5) 281 (40) 101 (55.8) 370 (43.1) 12 (50)
Women 50 (51) 451 (57.5) 421 (60) 80 (44.2) 489 (56.9) 12 (50)

Age, mean (SD) 65.2 (9.4) 65.1 (9.6) 0.057 65.5 (9) 62.8 (9.6) 0.001 65 (9.6) 61.5 (7.9) 0.080

Educational
status, n (%)

0.008 0.001 0.480

Low 38 (38.8) 413 (52.6) 380 (54.1) 71 (39.2) 441 (51.3) 10 (41.7)
Medium 45 (45.9) 240 (30.6) 210 (29.9) 75 (41.4) 277 (32.2) 8 (33.3)

High 15 (15.3) 132 (16.8) 112 (16) 35 (19.3) 141 (16.4) 6 (25)

Occupational
status, n (%)

0.001 <0.001 0.022

Unemployed 9 (9.9) 194 (28.4) 184 (29.8) 19 (12.3) 199 (26.6) 4 (16.7)
Low 25 (27.5) 110 (16.1) 93 (15) 42 (27.1) 126 (16.8) 9 (37.5)

Medium 30 (33) 204 (29.9) 187 (30.3) 47 (30.3) 231 (30.8) 3 (12.5)
High 27 (29.7) 174 (25.5) 154 (24.9) 47 (30.3) 193 (25.8) 8 (33.3)

Smoking status,
n (%)

<0.001 <0.001 0.815

Never smoker 37 (37.8) 460 (58.6) 419 (59.7) 78 (43.1) 485 (56.5) 12 (50)
Former smoker 43 (43.9) 144 (18.3) 126 (17.9) 61 (33.7) 181 (21.1) 6 (25)
Current smoker 18 (18.4) 181 (23.1) 157 (22.4) 42 (23.2) 193 (22.5) 6 (25)

Physical activity
level, n (%)

0.659 0.142 0.183

Low 23 (25) 173 (26.3) 161 (27.5) 35 (21.5) 193 (26.6) 3 (12.5)
Moderate 43 (46.7) 327 (49.8) 290 (49.5) 80 (49.1) 354 (48.8) 16 (66.7)

High 26 (28.3) 157 (23.9) 135 (23) 48 (29.4) 178 (24.6) 5 (20.8)

BMI categories,
n (%)

<0.001 0.286 0.203

Normal 44 (62) 256 (33.7) 253 (37.3) 47 (30.7) 292 (35.9) 8 (44.4)
Overweight 27 (38) 312 (41.1) 273 (40.3) 66 (43.1) 330 (40.6) 9 (50)

Obese 0 (0) 192 (25.3) 152 (22.4) 40 (26.1) 191 (23.5) 1 (5.6)

Health status, n
(%)

Type-2 diabetes 9 (9.2) 135 (17.2) 0.043 120 (17.1) 24 (13.3) 0.213 143 (16.6) 1 (4.2) 0.103
Hypertension 61 (62.2) 599 (76.3) 0.003 536 (76.4) 124 (68.5) 0.030 646 (75.2) 14 (58.3) 0.061
Dyslipidemias 13 (13.3) 289 (36.8) <0.001 273 (38.9) 29 (16) <0.001 297 (34.6) 5 (20.8) 0.162

CVD 8 (8.3) 128 (16.9) 0.031 128 (18.9) 8 (4.6) <0.001 135 (16.3) 1 (4.2) 0.110
Cancer 8 (8.2) 66 (8.4) 0.934 62 (8.8) 12 (6.6) 0.340 70 (8.1) 4 (16.7) 0.137

Nutrients and food group consumption across TRF, breakfast and dinner eaters are
shown in Table 2. Individuals having TRF consumed more fibre, vitamin C, vitamin E,
fruit, legumes, less potassium, less meat (total and red), and dairy products (Table 2); those
having breakfast had lower intake of vitamin C and vitamin E while consumed more total
meat, nuts and dairy products and less legumes; finally, those having dinner had lower
energy intake, carbohydrate intake, fibre, PUFA, vitamin C, vitamin E, sodium, and higher
intake of vitamin D and fish (Table 2).
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Table 2. Mean (and standard deviation) of micro-, macro-nutrients and major food groups intake according to feeding time
window duration (time feeding restricted to 10 vs. no restriction), breakfast (yes vs. no), and dinner (yes vs. no).

TRF Breakfast Dinner

Yes (n = 98) No (n = 785) p-Value Yes (n = 702) No (n = 181) p-Value Yes (n = 859) No (n = 24) p-Value

Mean (SD) Mean (SD) Mean (SD)

Energy intake
(kcal/d)

2110.8
(759.6)

2039.8
(637.1) 0.310 2034.4

(631.6)
2099.5
(724.4) 0.231 2040

(639.9)
2320

(967.3) 0.038

Energy intake
(kJ/d)

8606.97
(3161.637)

8257.8
(2614.5) 0.224 8230.6

(2585.3)
8552.3

(3017.9) 0.150 8262.1
(2626.6)

9530
(4078.4) 0.022

Macronutrients

Carbohydrates
(g/d) 299 (108.9) 314.6 (117) 0.186 297.8

(107.2)
312.2

(119.2) 0.116 299.4
(108.5)

348
(146.5) 0.032

Fiber (g/d) 35.6 (14.5) 32.3 (13.7) 0.027 32.3
(13.9)

34.2
(13.5) 0.098 32.6

(13.8)
38.2

(14.3) 0.049

Protein (g/d) 84.4 (29.5) 84.8 (28.6) 0.900 84.8
(29)

84.7
(27.9) 0.981 84.6

(28.6)
89.4

(32.7) 0.422

Fat (g/d) 60.5 (30.9) 59.2 (20.6) 0.595 59.3
(20.3)

59.8
(27.4) 0.791 59.3

(21.3)
65.6
(40) 0.165

Cholesterol
(mg/d) 174.3 (91.8) 190.1 (85.9) 0.089 190.4

(87.2) 180.7 (84.8) 0.179 188.7
(86.8)

177.2
(86.9) 0.522

SFA 22.9 (12.1) 23.6 (9.1) 0.541 23.7
(8.9)

23.1
(11.5) 0.520 23.5

(9.2)
26

(17.7) 0.207

MUFA 26 (13.1) 25.2 (8) 0.358 25.2
(8)

25.7
(11.3) 0.485 25.2

(8.6)
27.8

(15.3) 0.169

PUFA g 11.4 (5.7) 10.9 (4.2) 0.345 11
(4.3)

11.2
(5) 0.209 7.3

(6.5)
10.7

(14.1) 0.015

Total Omega-3 1.69 (0.83) 1.76 (0.85) 0.480 1.8
(0.9)

1.7
(0.8) 0.325 1.76

(0.85)
1.48

(0.44) 0.107

Micronutrients

Vitamin A
(Retinol) 897.92 (379) 867.3 (428.8) 0.500 872.5

(427.2)
863.8

(410.2) 0.806 869
(425)

929
(368.7) 0.494

Vitamin C
(mg/d) 203.4 (118.6) 153,9 (92.4) <0.001 154

(94.2)
180.5

(104.2) 0.001 158.4
(96.9)

198.3
(88.9) 0.047

Vitamin E
(mg/d) 9.8 (4.4) 8.5 (3) <0.001 8.5

(3)
9.2

(3.9) 0.013 8.6
(3.2)

10
(4.5) 0.039

Vitamin B12 5.6 (4.2) 6.2 (4.3) 0.206 6.3
(4.5)

5.8
(3.5) 0.157 6.2

(4.4)
5

(2.1) 0.211

Vitamin D 5.6 (6.3) 5.6 (5.4) 0.963 5.7
(5.6)

5.5
(5.1) 0.677 5.7

(5.6)
3.5
(1) 0.050

Sodium (mg/d) 2699.9
(1248.9)

2767.8
(1065.3) 0.560 2744.5

(1016.7)
2821.9

(1324.9) 0.393 2743.7
(1070.5)

3354
(1468.8) 0.007

Potassium
(mg/d)

3649.8
(1331.8)

3987.3
(1456.4) 0.020 3651.4

(1345.9)
3826.7

(1358.3) 0.119 3673.6
(1344.3)

4212.6
(1458.5) 0.053

Food groups

Cereals (total,
g/d) 222 (129.5) 228,2

(132.1) 0.662 226.2
(129.5)

232.7
(140.4) 0.556 226.4

(131)
268.2

(151.4) 0.125

Vegetables (g/d) 264.7
(118.5)

261
(148) 0.526 258.1

(140.4)
274

(161.2) 0.190 260.6
(145.9)

288.5
(105.9) 0.353

Fruit (g/d) 482.2 (337.1) 398.52 (313) 0.014 401.77
(322.4)

431.2
(293.1) 0.265 405.3

(316.7)
497.6

(310.3) 0.159

Legumes (g/d) 46.1 (40.6) 36.5 (35.3) 0.013 36.4
(36)

42.3
(35.7) 0.047 37.5

(36.1)
40.6

(34.2) 0.677

Nuts (total, g/d) 14.8 (19.2) 21.3 (33.1) 0.057 22
(34.6)

15.3
(17.7) 0.011 20.8

(32.1)
17

(23.2) 0.564

Fish (g/d) 66.5 (70.2) 65.3 (61.5) 0.861 65.6
(63.7)

65
(58.1) 0.909 66.2

(63.2)
39.5

(14.9) 0.039

Meat (total, g/d) 57.4 (31.6) 70.5 (39.9) 0.002 70.7
(41.1)

63
(30.9) 0.018 69.2

(39.6)
66

(30.4) 0.698

Red meat (g/d) 27.4 (19.6) 33.84 (24.7) 0.023 33.7
(27.3)

31.1
(21.1) 0.248 33.1

(26.3)
33

(20.8) 0.974

Processed Meat
(g/d) 13.8 (22.4) 13.4 (16) 0.85 13.5

(16.5)
13.7

(18.3) 0.878 13.3
(16.8)

20.1
(19.4) 0.052

Dairy products
(g/d) 157.9 (176.3) 194.8 (171.4) 0.046 202.1

(175.4)
146.7

(152.2) <0.001 191
(171.2)

196.8
(212.3) 0.862

Alcohol (total,
g/d) 8.79 (11.3) 8.23 (12.8) 0.681 8

(12.6)
9.4

(13.1) 0.187 8.2
(12.6)

11.2
(16.2) 0.253

Coffee (mL/d) 57.1 (38.8) 60.4 (44.1) 0.484 59.1
(44.1)

63.7
(41.6) 0.207 60

(43.8)
61.5
(36) 0.870

Tea (mL/d) 70.3 (128.19 57.6 (122.2) 0.337 60
(127.5)

54.9
(102.9) 0.615 59.2

(123.3)
52.1

(107.2) 0.785

Olive oil (mL/d) 7.6 (3.1) 7.2 (3.1) 0.267 7.2
(3.2)

7.5
(3.1) 0.313 7.3

(3.2)
6.8

(3.2) 0.435

A total of 82 individuals had impaired cognitive status: most of them resulted having
mild impairment, while four participants reported moderate impairment. Cognitive

9



Nutrients 2021, 13, 191

impaired individuals were older, with higher proportion less physically active, and had
higher rates of hypertension (Supplementary Table S1). Table 3 reports the associations
between the exposure variables and cognitive status. The multivariate model shows
that individuals having TRF were less likely to have cognitive impairment compared to
those with no eating time restrictions [odds ratio (OR) = 0.28; 95% confidence intervals
(CI): 0.07–0.90)]; a similar association was found for those individuals having breakfast
(OR = 0.37, 95% CI: 0.16–0.89), but no for dinner (Table 3).

Table 3. Association between feeding time window duration (time feeding restricted to 10 vs. no restriction), breakfast (yes
vs. no), dinner (yes vs. no), and cognitive status in the study sample.

Cognitive Impairment, OR (95% CI)

TRF p-Value Breakfast p-Value Dinner p-Value

Model 1 0.39 (0.14–1.10) 0.077 0.45 (0.22–0.94) 0.034 0.59 (0.17–2.1) 0.238
Model 2 0.42 (0.15–1.20) 0.105 0.51 (0.25–1.10) 0.078 0.46 (0.13–1.66) 0.418
Model 3 0.28 (0.07–0.90) 0.049 0.37 (0.16–0.89) 0.025 0.48 (0.13–1.85) 0.289

Model 1 is unadjusted. Model 2 includes adjustment for age and sex. Model 3 includes adjustment for variables as model 2 + educational
and occupational level, smoking status, physical activity level, BMI categories, and type-2 diabetes, hypertension, dyslipidemia, previous
history of CVD and cancer.

4. Discussion

In the present cross-sectional study, the relation between TRF and cognitive status was
investigated in a cohort of Italian adults. Individuals who practiced TRF were less likely to
screen positive for impaired cognitive status, and among those practicing TRF only those
who did not skip breakfast were less likely to screen positive for impaired cognitive status.
Interestingly, the results of TRF in humans seem to depend on the time of day of the eating
window and not only related to fasting duration per se [28–32]. In fact, studies showed
that restricting food intake starting from the middle of the day (skipping dinner) reduced
body fat, fasting glucose, insulin resistance, hyperlipidemia and inflammation [29,30].
Conversely, restricting the entire food daily intake to the late afternoon (skipping breakfast)
either produced mostly null results or worsened cardiometabolic health [28,31,32]. The
circadian system may explain these dichotomous time-of-day effects. Circadian rhythms
are self-sustained ~24 h oscillations in physiology, metabolism and behavior induced by
coordinated transcriptional–translational feedback loops involving clock genes such as
CLOCK, BMAL1 CRY1/2 and PER1/2 which in turn cause oscillations in a numerous
of downstream targets. Jamshed and colleagues [33] investigated the effects of early
TRF (skipping dinner) on gene expression, circulating hormones and cardiometabolic
risk on eleven overweight adults. After only 4 days of early TRF they found changes
in the expression of 6 circadian clock genes and upregulation of both SIRT1 and LC3A
that have a role in autophagy. Autophagy has been shown to play a determinant role in
protecting against multiple chronic disorders such as diabetes, heart disease, cancer, and
neurodegenerative diseases, by recycling used and damaged proteins and organelles.

To our knowledge, our study is the first to focus on the relation between TRF and
cognitive status in humans. Unfortunately, our current understanding regarding IF on
cognitive status and neurodegenerative diseases is mainly inferred from in vitro or animal
studies because human studies are lacking. There are very few interventional studies
exploring the effects of TRF on humans and they mainly concern metabolic aspects such
as weight reduction and/or insulin resistance. Sutton and colleagues [34] found that a
5-week of 8-h early time restricted feeding improved insulin levels, insulin sensitivity, b cell
responsiveness, blood pressure, and oxidative stress levels in men with prediabetes even
though food intake was matched to the control arm and no weight loss occurred. Similarly,
another study conducted during orthodox religious fasting reported that time restricted
eating might be associated with better metabolic and glycemic profile [35,36]. Maintaining
adequate blood pressure prevents cerebral microhemorrhages which contribute to cognitive
impairment, geriatric psychiatric syndromes, and gait disorders [37]. These findings are
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also relevant because metabolic syndrome is another major risk factor for a variety of
neurological diseases [38].

Fasting per se may counteract aging which is the most recognized risk factor for cog-
nitive impairment, dementia and neurological disease [16]. In fact, aging is associated with
many morpho-functional changes that can affect behaviour, cognition and susceptibility to
neurodegenerative disorders such as Alzheimer’s disease (AD) and Parkinson’s disease
(PD) [39]. Over the years the most relevant changes occur in the hippocampus and in
the prefrontal cortex which are crucial for spatial and working memory [40,41]. It has
been demonstrated that the deterioration of these two structures is widely responsible
for the decline seen in cognitive functions during aging [42]. Aging is characterized by a
deterioration in the extent of dendritic branching both in apical and basilar dendrites in the
hippocampus and in the superficial cortical layer of the prefrontal cortex [43] leading to
reduction in cognitive function [44]. Moreover, aged neurons show an increased density of
calcium channels that leads to an alteration of after-hyperpolarization (AHP) potential. In
fact after depolarization, neurons utilize potassium channels to repolarize but when AHP
is increased, neurons need to reset longer to resting potential [45]. This coincides with a
reduction in levels of BDNF which correlates with age-related cognitive deficits [46]. Many
studies have shown that Intermittent fasting may enhance synaptic plasticity, neurogenesis
and neuroprotection especially by an increase in BDNF [47,48]. BDNF has an effect also
in neural precursor cells (NPC) which reside in the dentate gyrus of the hippocampus in
which they are relevant for the formation of new neurons that integrate into the hippocam-
pal circuitry and play roles in spatial pattern separation, a fundamental domain of learning
and memory [49–51].

Another physiological mechanism during aging is the progressive loss of synapses in
some regions of the human brain that leads to worsened communication between neurons
and is associated with increased inflammation and oxidative stress [52]. Findings in rodents
suggest that IF enhances neuronal resilience to excitotoxic stress, preventing learning
deficit [53] due to hippocampal cell death and stimulating neurogenesis [49,54]. The
consequent increased expression of synaptic proteins regulating calcium homeostasis [55]
attenuates the typical decline in motor coordination and spatial learning typically observed
in old rats.

IF may exert also neuroprotective effects by an improved mitochondrial respiratory
activity [56] due to an upregulation of PGC1α which contributes to mitochondrial biogene-
sis and detoxification [57]. The upregulation of PGC1α modulates also the expression of
nitric oxide (NO) which has antioxidant and protective properties in the endothelium and
may preserve the brain microvasculature [58,59]. Interestingly a TRF protocol was also
reported to diminish ROS production, improve endothelial function [60] and reduce levels
of pro-inflammatory cytokines as TNFα, IL-1β and IL-6 [54]. In neurodegenerative diseases,
these changes related to aging occur at a much faster rate and it has been hypothesized
that intermittent fasting could also have a beneficial effect on their treatment. Compared
to ad libitum-fed controls, mice and rats on an IF diet exhibit less neuronal dysfunction,
degeneration and fewer clinical symptoms in models of AD, PD and Huntington’s disease
(HD) [16]. In a different in vivo study carried out by Chaix et al. [61], there were 17 serum
metabolites that were higher in TRF than ad libitum feeding group, including anserine and
carnosine, which have shown therapeutic potential against the oxidative stress observed in
pathologies characterized by cognitive dysfunctions [62,63]. Differently from caloric restric-
tion, IF could prevent cognitive decline in a triple transgenic AD mouse model by acting
on mitochondrial dysfunction and oxidative imbalance without reductions in β-amyloid
protein and phospho-tau levels [64]. Moreover, it has recently been demonstrated that TRF
protocol improves sleep, motor coordination and autonomic nervous system function in
mouse models of Huntington’s disease [65,66].

Current evidence, even though limited and conflicting [67,68] has associated TRF
with changes in human gut microbiota. In particular, Zeb et al. demonstrated that TRF
may modulate microbial composition and increase its relative abundance, thereby influ-
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encing the host metabolism and nutritional status [68]. Consequently, gut microbiome
imbalance has been associated with numerous inflammatory, immune and nervous system-
related diseases through a communication pathway called microbiome-brain axis [69], also
influencing brain development and function [70].

This study has a major strength to be the first reporting an association between TRF
and cognitive status, suggesting this hypothesis to be further tested in future studies.
However, albeit among the first reported in the scientific literature, the findings of this
study should be considered in light of some limitations. First, the cross-sectional nature
of the study cannot allow us to draft conclusions on the association between TRF and
cognitive status. However, this type of study is important to be performed in order to
provide preliminary results of potential interest in spite of clinical intervention trials; in
fact, it is crucial to have preliminary data before setting up intervention trials strongly
affecting the eating habits of older individuals at risk of cognitive impairment and altered
cognitive function (lack of compliance). Another limitation of our study includes the
possibility of residual confounding due to the characteristics of individuals having TRF, as
they demonstrated to be potentially more health conscious with higher socio-educational
level and, thus, at lower risk of age-related disorders. Despite the fact that we adjusted
for all these potential confounding factors, we cannot rule out the possibility of existence
of related unmeasured confounders. Finally, despite statistically significant, we found
wide CIs for the association between TRF and cognitive status: although the direction of
the association is significant, the strength of these findings should be confirmed in future
studies with larger sample, more cases and more individuals exposed to the variable of
interest.

5. Conclusions

In conclusion, restricting the daily time feeding window is associated with reduced
odds of impaired cognitive status especially when it is obtained through restricting food
intake starting from the middle of the day in alignment with circadian rhythms. Therefore,
large sample interventional human studies in which cognitive status, regional brain vol-
umes, neural network activity, and biochemical analyses of cerebrospinal fluid are needed
to clarify the impact of TRF on mental health.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-664
3/13/1/191/s1, Table S1: Background characteristics by cognitive status.

Author Contributions: Conceptualization, W.C., J.G., G.G., F.G.; methodology W.C., J.G., G.G., F.G.;
formal analysis, W.C., J.G., G.G., F.G.; writing—original draft preparation, W.C., J.G., S.C., G.C., R.F.,
F.C., G.G., F.G.; writing—review and editing, W.C., J.G., S.C., G.C., R.F., F.C., G.G., F.G.; supervision,
R.F., F.C., G.G., F.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
University of Catania (protocol code 802/23 December 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: W.C. is a PhD student in the International PhD Program in Neuroscience at the
University of Catania.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

12



Nutrients 2021, 13, 191

References

1. Fernandes, L.; Paúl, C. Editorial: Aging and mental health. Front. Aging Neurosci. 2017, 9, 25. [CrossRef]
2. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence, prevalence, and

years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990–2017: A systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858. [CrossRef]

3. Tricco, A.C.; Soobiah, C.; Berliner, S.; Ho, J.M.; Ng, C.H.; Ashoor, H.M.; Chen, M.H.; Hemmelgarn, B.; Straus, S.E. Efficacy and
safety of cognitive enhancers for patients with mild cognitive impairment: A systematic review and meta-analysis. CMAJ 2013,
185, 1393–1401. [CrossRef] [PubMed]

4. Adan, R.A.H.; van der Beek, E.M.; Buitelaar, J.K.; Cryan, J.F.; Hebebrand, J.; Higgs, S.; Schellekens, H.; Dickson, S.L. Nutritional
psychiatry: Towards improving mental health by what you eat. Eur. Neuropsychopharmacol. 2019, 29, 1321–1332. [CrossRef]
[PubMed]

5. Grosso, G. Nutrition and aging: Is there a link to cognitive health? Int. J. Food Sci. Nutr. 2020, 71, 265–266. [CrossRef] [PubMed]
6. Godos, J.; Caraci, F.; Castellano, S.; Currenti, W.; Galvano, F.; Ferri, R.; Grosso, G. Association between dietary flavonoids intake

and cognitive function in an italian cohort. Biomolecules 2020, 10, 1300. [CrossRef]
7. Angelino, D.; Godos, J.; Ghelfi, F.; Tieri, M.; Titta, L.; Lafranconi, A.; Marventano, S.; Alonzo, E.; Gambera, A.; Sciacca, S.; et al.

Fruit and vegetable consumption and health outcomes: An umbrella review of observational studies. Int. J. Food Sci. Nutr. 2019,
70, 652–667. [CrossRef]

8. Akbaraly, T.N.; Brunner, E.J.; Ferrie, J.E.; Marmot, M.G.; Kivimaki, M.; Singh-Manoux, A. Dietary pattern and depressive
symptoms in middle age. Br. J. Psychiatry 2009, 195, 408–413. [CrossRef]

9. Godos, J.; Currenti, W.; Angelino, D.; Mena, P.; Castellano, S.; Caraci, F.; Galvano, F.; Del Rio, D.; Ferri, R.; Grosso, G. Diet and
mental health: Review of the recent updates on molecular mechanisms. Antioxidants 2020, 9, 346. [CrossRef]

10. Broughton, P.M.; Bullock, D.G.; Cramb, R. Improving the quality of plasma cholesterol measurements in primary care. Scand. J.

Clin. Lab. Investig. Suppl. 1990, 198, 43–48. [CrossRef]
11. Grosso, G.; Godos, J.; Galvano, F.; Giovannucci, E.L. Coffee, caffeine, and health outcomes: An umbrella review. Annu. Rev. Nutr.

2017, 37, 131–156. [CrossRef] [PubMed]
12. Wahl, D.; Coogan, S.C.; Solon-Biet, S.M.; de Cabo, R.; Haran, J.B.; Raubenheimer, D.; Cogger, V.C.; Mattson, M.P.; Simpson, S.J.; Le

Couteur, D.G. Cognitive and behavioral evaluation of nutritional interventions in rodent models of brain aging and dementia.
Clin. Interv. Aging 2017, 12, 1419–1428. [CrossRef] [PubMed]

13. Ooi, T.C.; Meramat, A.; Rajab, N.F.; Shahar, S.; Ismail, I.S.; Azam, A.A.; Sharif, R. Intermittent Fasting Enhanced the Cognitive
Function in Older Adults with Mild Cognitive Impairment by Inducing Biochemical and Metabolic changes: A 3-Year Progressive
Study. Nutrients 2020, 12, 2644. [CrossRef] [PubMed]

14. Harder-Lauridsen, N.M.; Rosenberg, A.; Benatti, F.B.; Damm, J.A.; Thomsen, C.; Mortensen, E.L.; Pedersen, B.K.; Krogh-Madsen,
R. Ramadan model of intermittent fasting for 28 d had no major effect on body composition, glucose metabolism, or cognitive
functions in healthy lean men. Nutrition 2017, 37, 92–103. [CrossRef]

15. Xie, Y.; Tang, Q.; Chen, G.; Xie, M.; Yu, S.; Zhao, J.; Chen, L. New insights into the circadian rhythm and its related diseases. Front.

Physiol. 2019, 10, 682. [CrossRef]
16. Longo, V.D.; Mattson, M.P. Fasting: Molecular mechanisms and clinical applications. Cell Metab. 2014, 19, 181–192. [CrossRef]
17. Currenti, W.; Godos, J.; Castellano, S.; Mogavero, M.P.; Ferri, R.; Caraci, F.; Grosso, G.; Galvano, F. Time restricted feeding and

mental health: A review of possible mechanisms on affective and cognitive disorders. Int. J. Food Sci. Nutr. 2020, 1–11. [CrossRef]
18. Francis, N. Intermittent fasting and brain health: Efficacy and potential mechanisms of action. OBM Geriat. 2020, 4, 1–19.

[CrossRef]
19. Sofi, F. FASTING-MIMICKING DIET a clarion call for human nutrition research or an additional swan song for a commercial

diet? Int. J. Food Sci. Nutr. 2020, 71, 921–928. [CrossRef]
20. Grosso, G.; Marventano, S.; D’Urso, M.; Mistretta, A.; Galvano, F. The Mediterranean healthy eating, ageing, and lifestyle (MEAL)

study: Rationale and study design. Int. J. Food Sci. Nutr. 2017, 68, 577–586. [CrossRef]
21. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.;

Sallis, J.F.; et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35,
1381–1395. [CrossRef] [PubMed]

22. Mistretta, A.; Marventano, S.; Platania, A.; Godos, J.; Galvano, F.; Grosso, G. Metabolic profile of the Mediterranean healthy
Eating, Lifestyle and Aging (MEAL) study cohort. Med. J. Nutr. Metab. 2017, 10, 131–140. [CrossRef]

23. Buscemi, S.; Rosafio, G.; Vasto, S.; Massenti, F.M.; Grosso, G.; Galvano, F.; Rini, N.; Barile, A.M.; Maniaci, V.; Cosentino, L.; et al.
Validation of a food frequency questionnaire for use in Italian adults living in Sicily. Int. J. Food Sci. Nutr. 2015, 66, 426–438.
[CrossRef] [PubMed]

24. Marventano, S.; Mistretta, A.; Platania, A.; Galvano, F.; Grosso, G. Reliability and relative validity of a food frequency question-
naire for Italian adults living in Sicily, Southern Italy. Int. J. Food Sci. Nutr. 2016, 67, 857–864. [CrossRef]

25. Pfeiffer, E. A short portable mental status questionnaire for the assessment of organic brain deficit in elderly patients. J. Am.

Geriatr. Soc. 1975, 23, 433–441. [CrossRef]
26. Erkinjuntti, T.; Sulkava, R.; Wikström, J.; Autio, L. Short Portable Mental Status Questionnaire as a screening test for dementia

and delirium among the elderly. J. Am. Geriatr. Soc. 1987, 35, 412–416. [CrossRef]

13



Nutrients 2021, 13, 191

27. Pilotto, A.; Ferrucci, L. Verso una definizione clinica della fragilità: Utilità dell’approccio multidimensionale. G Gerontol. 2011, 59,
125–129.

28. Carlson, O.; Martin, B.; Stote, K.S.; Golden, E.; Maudsley, S.; Najjar, S.S.; Ferrucci, L.; Ingram, D.K.; Longo, D.L.;
Rumpler, W.V.; et al. Impact of reduced meal frequency without caloric restriction on glucose regulation in healthy, normal-weight
middle-aged men and women. Metab. Clin. Exp. 2007, 56, 1729–1734. [CrossRef]

29. Gill, S.; Panda, S. A Smartphone App Reveals Erratic Diurnal Eating Patterns in Humans that Can Be Modulated for Health
Benefits. Cell Metab. 2015, 22, 789–798. [CrossRef]

30. Moro, T.; Tinsley, G.; Bianco, A.; Marcolin, G.; Pacelli, Q.F.; Battaglia, G.; Palma, A.; Gentil, P.; Neri, M.; Paoli, A. Effects of
eight weeks of time-restricted feeding (16/8) on basal metabolism, maximal strength, body composition, inflammation, and
cardiovascular risk factors in resistance-trained males. J. Transl. Med. 2016, 14, 290. [CrossRef]

31. Stote, K.S.; Baer, D.J.; Spears, K.; Paul, D.R.; Harris, G.K.; Rumpler, W.V.; Strycula, P.; Najjar, S.S.; Ferrucci, L.; Ingram, D.K.; et al.
A controlled trial of reduced meal frequency without caloric restriction in healthy, normal-weight, middle-aged adults. Am. J.

Clin. Nutr. 2007, 85, 981–988. [CrossRef] [PubMed]
32. Tinsley, G.M.; Forsse, J.S.; Butler, N.K.; Paoli, A.; Bane, A.A.; La Bounty, P.M.; Morgan, G.B.; Grandjean, P.W. Time-restricted

feeding in young men performing resistance training: A randomized controlled trial. Eur. J. Sport Sci. 2017, 17, 200–207. [CrossRef]
[PubMed]

33. Jamshed, H.; Beyl, R.A.; Della Manna, D.L.; Yang, E.S.; Ravussin, E.; Peterson, C.M. Early Time-Restricted Feeding Improves
24-Hour Glucose Levels and Affects Markers of the Circadian Clock, Aging, and Autophagy in Humans. Nutrients 2019, 11, 1234.
[CrossRef] [PubMed]

34. Sutton, E.F.; Beyl, R.; Early, K.S.; Cefalu, W.T.; Ravussin, E.; Peterson, C.M. Early Time-Restricted Feeding Improves Insulin
Sensitivity, Blood Pressure, and Oxidative Stress Even without Weight Loss in Men with Prediabetes. Cell Metab. 2018, 27,
1212–1221. [CrossRef] [PubMed]

35. Karras, S.N.; Koufakis, T.; Adamidou, L.; Antonopoulou, V.; Karalazou, P.; Thisiadou, K.; Mitrofanova, E.; Mulrooney, H.; Petróczi,
A.; Zebekakis, P.; et al. Effects of orthodox religious fasting versus combined energy and time restricted eating on body weight,
lipid concentrations and glycaemic profile. Int. J. Food Sci. Nutr. 2020, 1–11. [CrossRef]

36. Karras, S.N.; Koufakis, T.; Adamidou, L.; Polyzos, S.A.; Karalazou, P.; Thisiadou, K.; Zebekakis, P.; Makedou, K.; Kotsa, K. Similar
late effects of a 7-week orthodox religious fasting and a time restricted eating pattern on anthropometric and metabolic profiles of
overweight adults. Int. J. Food Sci. Nutr. 2020, 1–11. [CrossRef] [PubMed]

37. Ungvari, Z.; Tarantini, S.; Hertelendy, P.; Valcarcel-Ares, M.N.; Fülöp, G.A.; Logan, S.; Kiss, T.; Farkas, E.; Csiszar, A.; Yabluchan-
skiy, A. Cerebromicrovascular dysfunction predicts cognitive decline and gait abnormalities in a mouse model of whole brain
irradiation-induced accelerated brain senescence. Geroscience 2017, 39, 33–42. [CrossRef]

38. Farooqui, A.A.; Farooqui, T.; Panza, F.; Frisardi, V. Metabolic syndrome as a risk factor for neurological disorders. Cell. Mol. Life

Sci. 2012, 69, 741–762. [CrossRef]
39. Anderton, B.H. Ageing of the brain. Mech. Ageing Dev. 2002, 123, 811–817. [CrossRef]
40. Weber, M.; Wu, T.; Hanson, J.E.; Alam, N.M.; Solanoy, H.; Ngu, H.; Lauffer, B.E.; Lin, H.H.; Dominguez, S.L.; Reeder, J.; et al.

Cognitive deficits, changes in synaptic function, and brain pathology in a mouse model of normal aging(1,2,3). ENeuro 2015, 2.
[CrossRef]

41. Chersi, F.; Burgess, N. The cognitive architecture of spatial navigation: Hippocampal and striatal contributions. Neuron 2015, 88,
64–77. [CrossRef] [PubMed]

42. West, R.L. An application of prefrontal cortex function theory to cognitive aging. Psychol. Bull. 1996, 120, 272–292. [CrossRef]
[PubMed]

43. Grill, J.D.; Riddle, D.R. Age-related and laminar-specific dendritic changes in the medial frontal cortex of the rat. Brain Res. 2002,
937, 8–21. [CrossRef]

44. Cubelos, B.; Nieto, M. Intrinsic programs regulating dendrites and synapses in the upper layer neurons of the cortex. Commun.

Integr. Biol. 2010, 3, 483–486. [CrossRef] [PubMed]
45. Matthews, E.A.; Linardakis, J.M.; Disterhoft, J.F. The fast and slow afterhyperpolarizations are differentially modulated in

hippocampal neurons by aging and learning. J. Neurosci. 2009, 29, 4750–4755. [CrossRef] [PubMed]
46. Navarro-Martínez, R.; Fernández-Garrido, J.; Buigues, C.; Torralba-Martínez, E.; Martinez-Martinez, M.; Verdejo, Y.; Mascarós,

M.C.; Cauli, O. Brain-derived neurotrophic factor correlates with functional and cognitive impairment in non-disabled older
individuals. Exp. Gerontol. 2015, 72, 129–137. [CrossRef]

47. Fusco, S.; Pani, G. Brain response to calorie restriction. Cell. Mol. Life Sci. 2013, 70, 3157–3170. [CrossRef]
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Abstract: To date, interest in the role of coffee intake in the occurrence and course of age-related

neurological and neuropsychiatric disorders has provided an inconclusive effect. Moreover, no

study has evaluated mocha coffee consumption in subjects with mild vascular cognitive impairment

and late-onset depression. We assessed the association between different quantities of mocha

coffee intake over the last year and cognitive and mood performance in a homogeneous sample of

300 non-demented elderly Italian subjects with subcortical ischemic vascular disease. Mini Mental

State Examination (MMSE), Stroop Colour-Word Interference Test (Stroop T), 17-items Hamilton

Depression Rating Scalfe (HDRS), Activities of Daily Living (ADL), and Instrumental ADL were the

outcome measures. MMSE, HDRS, and Stroop T were independently and significantly associated

with coffee consumption, i.e., better scores with increasing intake. At the post-hoc analyses, it was

found that the group with a moderate intake (two cups/day) had similar values compared to the

heavy drinkers (≥three cups/day), with the exception of MMSE. Daily mocha coffee intake was

associated with higher cognitive and mood status, with a significant dose-response association even

with moderate consumption. This might have translational implications for the identification of

modifiable factors for vascular dementia and geriatric depression.

Keywords: coffee consumption; caffeine; cerebrovascular disease; executive dysfunction; geriatric

depression; dose-response association

1. Introduction

The progressive aging of the population has led to an increased rate of some age-
related diseases, such as cognitive impairment and dementia, including Alzheimer’s
disease (AD) and vascular dementia (VaD), as well as some late-onset neuropsychiatric
disorders (i.e., geriatric depression). As an “umbrella term”, vascular cognitive impairment
(VCI) encompasses a wide range of cognitive deficits due to neurovascular disorders, such
as those resulting in subcortical ischemic vascular disease (SIVD), secondary to lacunar
infarcts and vascular white matter lesions (WMLs) [1,2]. As such, VCI includes all types of
vascular-related cognitive disorders, from the involvement of a single cognitive domain
without dementia (called mild VCI) to a clear VaD [3].
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In addition to cognitive impairment, behaviour and mood abnormalities are frequently
found in association with ischemic lesions of the prefrontal-subcortical loops underlying
mood and affecting control [1,2]. Indeed, SIVD is commonly associated with late-life
depression, referred to as “vascular depression” [3], a clinical-radiological condition which
has been found to be different from early-onset major depression [4,5]. Namely, the “vascu-
lar depression” hypothesis posits that cerebrovascular disease may predispose, precipitate,
or perpetuate geriatric depression, thus shedding light on the complex relationships be-
tween late-life depression, WMLs, and cognition. Over time, the progression of WMLs and
cognitive deficit also predicts a poor course of depression and drug-resistant response, both
related to a worsening of the underlying SIVD [6]. Although still debated, a “disconnection
hypothesis”, wherein focal vascular damage and WML location seem to play a crucial fac-
tor, contributes to the disease onset and course, as well as to clinical symptomatology and
its severity. More recently, neuroinflammation and chronic hypoperfusion have also been
linked to the vascular processes underlying cognitive dysfunction and late-life depression,
eventually influencing their development and course [7–10].

Overall, both cognitive impairment and geriatric depression cause a significant impact
on the social and healthcare-related burden worldwide [11–13]. Epidemiological evidence
also supports the concept that modifiable vascular and lifestyle-related factors are related
with the onset of cognitive impairment and movement disorders [14–20]. To date, an early
identification and prompt management of cardio- and cerebrovascular risk factors are the
only effective measures to prevent dementia and other types of cognitive disorders, such as
Mild Cognitive Impairment (MCI) and VCI [21,22]. Therefore, a comprehensive description
and quantification of these factors is the preliminary step towards the elucidation of the
causes and mechanisms underlying the onset and progression of dementia, as well as the
design of new disease-modifying strategies [23–31].

Some dietary components of the Mediterranean diet have been traditionally con-
sidered as preventing factors of cardiovascular diseases (including stroke), and some
age-related cognitive disorders (such as AD and VaD) [32–36]. Recently, there has been
increasing interest in the exploration of the role of coffee intake in some neurological and
neuropsychiatric disorders, although large epidemiological investigations are still incon-
clusive in terms of a protective role of caffeine in the risk of cognitive disorders. Indeed,
while many studies have found a protective role of coffee in cognitive impairment [37], an
extensive neuropsychological evaluation was not always performed, and the association
was not found, or at least not for all, cognitive domains [37]. Similarly, there is still no
consensus regarding a dose-response effect on cognition or mood [37–41].

Regarding the risk of depression, a systematic review and dose-response meta-analysis
of observational studies on coffee, tea, and caffeine [42], including 23 datasets accounting
for a total of 8146 individuals with depression, found that, compared to those with lower
coffee consumption, the higher intakes had a pooled relative risk of depression of 0.76 (95%
confidence interval 0.64, 0.91). The dose-response effect suggested a nonlinear “J-shaped”
relation between coffee consumption and risk of depression, with a peak of effect for
400 mL/day, suggesting a protective role of coffee in the risk of depression [42]. Another
meta-analysis of observational studies confirmed that coffee and caffeine consumption
were significantly associated with a decreased risk of depression [43].

The roasted seeds of Coffea sp. are used for coffee extraction. The composition of
a coffee beverage basically depends on species, roast, and preparation methods [44–46],
which vary according to geographic and cultural factors, all affecting the chemical profile.
For instance, in Italian coffee shops, the espresso method, in which hot water at high
pressure is passed through about 8 g of finely-ground coffee powder producing a serving of
30 mL, is basically the rule. Another common preparation of coffee in Italy, particularly at
home and in the Southern regions, is through a mocha, i.e., an aluminium or stainless-steel
machine, in which hot water (approx. 70 ◦C) is forced up through the coffee in the pot
top [47].
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Methods of preparation influence diterpenes and caffeine concentration. Cafestol
and kahweol content per cup is approximately 7.2 mg in boiled coffee, 2.3 mg in mocha
coffee, 1.0 mg in espresso coffee, but only 0.02 mg in filtered coffee [48]. In Italian-made
coffee, the contact time of water with the solid coffee is very short, thus accounting for the
lower concentration of lipids than boiled coffee, although it is substantially higher than
paper-filtered coffee [48]. However, albeit the concentration of diterpene in Italian-made
coffee is considerable [48], the size of the cup is much smaller than in other European
countries. On these bases, differences in the effects of mocha coffee are expected.

As drank daily by millions of persons worldwide and due to the caffeine content,
coffee is the most common psychophysical stimulating agent, whose consumption is known
to result in heightened alertness and arousal, as well as in better mental performance [49].
Studies in male rats also indicate that long-lasting caffeine intake might prevent cognitive
deficits [50]. The main proposed mechanisms, among others, are based on the finding that
caffeine, as an antioxidant compound, can limit oxidative stress [51] and exert neuronal
protection against the disruption of the blood–brain barrier (BBB) [52].

In addition to its short-term effects, a systematic review of human studies has assessed
the chronically assumed impact of coffee on cerebral functions, providing hints on the
protective role in cognitive disorders till dementia, with a higher effect in females than in
males [53]. However, the association was not observed for every cognitive domain and a
clear dose-response association is still lacking [37]. It has also been shown that the risk of
depression decreased with increasing caffeinated coffee consumption in women [40].

Similarly, the effects of coffee on VCI and geriatric depression remain basically unex-
plored, with previous studies frequently producing contradictory results. In a previous
study [41], the association of coffee intake in midlife with the risk of dementia, its neu-
ropathological correlates, and cognitive impairment was examined among 3494 men,
including 418 decedents who underwent brain autopsy. Although dementia was diag-
nosed in 226 men (including 118 AD and 80 VaD) and cognitive impairment in 347, there
was no association between coffee intake and the risk of cognitive impairment, overall
dementia, AD, VaD, or moderate/high levels of neuropathologic lesions. However, men in
the highest quartile of caffeine intake were less likely to have any lesion type at autopsy
than men in the lowest quartile [41]. A few years later, the association between coffee
intake and silent brain infarcts in magnetic resonance imaging (MRI) in 242 middle-age
healthy individuals demonstrated that brain lesions were observed less frequently in those
consuming three cups or more of coffee per day [54].

Lastly, a recent umbrella review evaluating current evidence of the relation between
coffee consumption and human health suggested that there might be a possible associ-
ation between coffee intake and decreased risk of AD [55]. However, the evidence was
concluded from studies investigating the consumption of regular coffee, while data on
mocha are lacking.

Based on these considerations, in the present study we aimed to estimate the associa-
tion between mocha coffee consumption and cognitive and mood status in a homogeneous
population of non-demented elderly Italian subjects with SIVD. We hypothesized that daily
coffee intake would positively influence cognitive performance and mood status, with a
dose-response association.

2. Materials and Methods

2.1. Participants

In this cross-sectional study, a population of 300 individuals was consecutively en-
rolled from the Cerebrovascular Diseases Centre of the “Azienda Ospedaliera Universitaria
Policlinico Gaspare Rodolico-San Marco” of Catania, Italy. All subjects were referred to
an expert neurologist (R.B.) because of non-specific cognitive deficits, with or without
concomitant mood complaints.

An age ≥ 65 years, a Mini Mental State Examination score (MMSE) ≥ 24, and brain
MRI-based evidence of lacunar state or ischemic WMLs were the inclusion criteria. Coffee
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consumption over the last year was focused to mocha, as it represents the most common
preparation of coffee consumed by elderly people in Southern Italy. Exclusion criteria
were: overt dementia, consumption of other coffee preparations different from mocha, any
medical condition or drug affecting cognitive functions and/or mood status, alcohol or
drug abuse, and any contraindication to MRI. Namely, 46 subjects mainly drinking espresso
coffee or with a mixed coffee consumption (i.e., espresso and mocha) were excluded.

Signed informed consent was provided by all individuals before participation in
the study, which was approved by the Ethics Committee of the “Azienda Ospedaliera
Universitaria Policlinico Gaspare Rodolico-San Marco” of Catania, Italy (approval code
292/prot. n. 871) and performed according to the 1964 Declaration of Helsinki and its
subsequent amendments.

2.2. Assessment

All participants underwent a detailed clinical and demographic history and a full
neurological examination. In particular, information about past medical history, coffee
consumption, smoking habit, and drugs taken was collected and confirmed by the subjects
and their relatives/caregivers.

High blood pressure was considered as drug therapy intake or a measured systolic
blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg. Hyperlipidemia
and diabetes were assessed by a recent laboratory test or self-reported diagnosis and drug
treatment. Given the lack of a validated food-frequency questionnaire on mocha coffee
consumption, information on coffee data was collected via a diet record. The intake of coffee
was classified as: <1 cup/day (non-drinkers or occasional consumers), 1 cup/day (light
consumers), 2 cups/day (moderate consumers), and ≥3 cups/day (heavy consumers), as
adapted from a recently published study [56].

Neuropsychological evaluation, performed by a trained neurologist (F.F.), who was
blind with respect to coffee consumption, included: a screening test of cognitive functions,
i.e., the Mini Mental State Examination (MMSE) [57]; a test evaluating executive functions
and other frontal lobe abilities, i.e., the Stroop Colour-Word Interference Test (Stroop T) [58];
an assessment of depressive symptoms through a standardized questionnaire, i.e., the
17-item Hamilton Depression Rating Scale (HDRS) [59]; a scoring of the functional status
according to the Activities of Daily Living (ADL) and the Instrumental ADL (IADL) [60].

As known, frontal lobe abilities are typically involved in this population, who may
manifest attention deficit and executive dysfunction early, which causes impairment in
complex information use, strategy formulation, and emotional-behavioural control [61].
Compared with AD, subjects with VCI also show a less pronounced impairment of episodic
memory, but more depressive symptoms and greater variability in the disease course [6].
Moreover, SIVD due to small vessel disease contributes to the deterioration of psychomotor
speed, global cognitive function, impaired executive control, and loss of activities of daily
living, eventually leading to a considerable risk of dementia [62]. Cognitive impairment is
also common in vascular depression, particularly executive dysfunction, a finding which is
also predictive of poor antidepressant response [63].

All subjects underwent brain MRI, which was carried out with a 1.5 Tesla General
Electric machine (General Electric Healthcare, Milwaukee, WI, USA). The neuroimaging
exam included T1-, T2-, fluid-attenuated inversion recovery (FLAIR), and proton density-
weighted scans (slice thickness 5 mm, slice gap 0.5 mm). The Fazekas visual scale was
used for grading WMLs in all participants: 0 = lack of foci; 1 = punctuate foci; 2 = initially
confluent foci; 3 = large confluent foci [64]. Lacunar lesions had to be of 3–20 mm, multiple
(>5) cavitated lesions, with T2-weighted or FLAIR hyperintensity in the deep grey matter,
corona radiata, and internal capsule. Foci less than 2 mm were considered perivascular
spaces, with the exception of the anterior commissure, where larger perivascular spaces
can be present. Another author (G.L.), blind to the clinical features and coffee intake,
independently reviewed all the scans.
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2.3. Statistical Analysis

Subjects’ characteristics at baseline, based on the subgroups of coffee consumption,
were handled as means and standard deviations (continuous variables) or frequencies
(categorical variables). Comparison of continuous variables obtained from the four groups
of subjects was first carried out by means of the one-way ANOVA, while the comparison of
categorical variables obtained from the same groups of subjects was performed by means
of the chi-square test.

Then, based on results obtained from the above analyses, we checked for any simul-
taneous association of coffee consumption, as well as age, sex, education, and smoking
(independent factors/predictors), on the scores obtained at the MMSE, HDRS, and Stroop
T, separately (dependent variables) by means of the General Regression Models of the
software STATISTICA v.6 StatSoft Inc., Tulsa, OK, USA (employed for all the statistical tests
in this study). This module allows us to build models for design with categorical predictor
variables, as well as with continuous predictor variables. For each dependent variable, the
statistical significance of the association of coffee consumption was obtained by taking into
account the effect of the other independent factors. Post-hoc comparisons between the
different pairs of groups were then carried-out, for significant comparisons at the previous
analysis, with both the Fisher Least Significant Difference (LSD) and the Tukey Honestly
Significant Difference (HSD) tests.

Lastly, we analysed the association between MMSE, HDRS, or Stroop T and coffee
consumption by calculating the Pearson’s correlation coefficient and, following Cohen’s [65]
indications, we considered a correlation coefficient 0.10, 0.30, and 0.50 as corresponding to
small, medium, and large sizes, respectively.

3. Results

The comparison between the different parameters in the four groups of subjects,
established on the basis of their daily coffee consumption, is reported in Tables 1 and 2. In
Table 1, showing the comparison of continuous variables, a significant difference was found
not only in most of the outcome measures (i.e., MMSE, HDRS, and Stroop T), but also in
age and education, which might be viewed as factors potentially affecting the results. This
was also observed for the comparison of some of the categorical variables (Table 2), such as
sex and smoking.

In order to disentangle the association of coffee intake from that of other parameters
that were found to be significantly different in the subject groups, we built an analysis
design by using the above-mentioned General Regression Models module, using age, sex,
education, smoking and coffee consumption as independent predictors, and MMSE, HDRS,
Stroop T, ADL, and IADL as dependent variables. Accordingly, we were able to assess
that MMSE, HDRS, and Stroop T scores were significantly and independently different in
the three coffee consumption subgroups, with a generally lower severity of HDRS with
increasing coffee intake (F = 22.669, p < 0.000001), as well as with better MMSE (F = 4.105,
p < 0.0071) and Stroop T (F = 4.806, p < 0.0028). The results of MMSE, HDRS, and Stroop
T are graphically displayed in Figure 1 as bar graphs of continuous outcome variables
obtained from the four groups of subjects (i.e., non-drinkers and drinkers of different cups
of mocha coffee per day).

Post-hoc analyses of the differences between the various pairs of groups showed
that, for MMSE, the group with highest coffee daily consumption (≥three cups/day) had
significantly higher values than the other groups (with both the Fisher LSD and the Tukey
HSD tests). Additionally, regarding HDRS, the coffee ≥three group had the smallest scores
which were, however, not significantly different from those of the coffee two group, and
both groups (i.e., coffee ≥three and coffee two) had significantly lower scores than the
other groups. Similarly, for the Stroop T, in which a significant decrease was observed with
increasing coffee consumption, the post-hoc comparisons revealed no difference between
coffee two and ≥three groups.
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Figure 1. Bar graphs of continuous outcome variables obtained from the four groups of subjects and
showing significant differences in Table 1. Data are shown as means (columns) and standard error
(wishers). Coffee 0 = non-coffee drinkers; Coffee 1 = consumers of 1 cup daily; Coffee 2 = consumers
of 2 cups daily; Coffee ≥ 3 = consumers of 3 or more cups daily; MMSE = Mini Mental State
Examination; HDRS = 17-item Hamilton Depression Rating Scale; Stroop T = Stroop Colour-Word
Interference Test.
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Table 1. Comparison of continuous variables obtained from the four groups of subjects.

Coffee 0 cup/day
(n = 73)

Coffee 1 cup/day
(n = 69)

Coffee 2 cups/day
(n = 87)

Coffee ≥ 3 cups/day
(n = 71)

ANOVA

Mean SD Mean SD Mean SD Mean SD F3,296 p<

Age, years 73.9 6.2 72.9 5.7 73.5 6.4 70.9 5.6 3.623 0.014
Education, years 6.5 3.7 6.9 4.0 7.5 4.0 8.2 3.9 2.635 0.05

MMSE 25.9 1.8 25.5 1.6 25.9 1.9 26.8 2.1 6.212 0.00042
ADL 5.6 0.7 5.5 0.7 5.6 0.6 5.8 0.6 2.112 NS
IADL 7.2 1.3 6.8 1.5 7.1 1.2 7.3 1.2 1.814 NS
HDRS 11.7 6.4 8.7 6.0 5.8 4.8 5.1 3.6 23.790 0.000001

Stroop T 50.3 22.9 47.1 21.6 41.4 20.4 35.3 18.6 7.182 0.00011

Legend: SD = standard deviation; MMSE = Mini Mental State Examination; ADL = Activities of Daily Living; IADL = Instrumental Activities
of Daily Living; HDRS = 17-item Hamilton Depression Rating Scale; Stroop T = Stroop Colour-Word Interference Test; NS = not significant.

Table 2. Comparison of categorical variables obtained from the four groups of subjects.

Coffee 0 cup/day
(n = 73)

Coffee 1 cup/day
(n = 69)

Coffee 2 cups/day
(n = 87)

Coffee ≥ 3
cups/day (n = 71)

Chi-Square p<

Sex, male/female 28/45 32/37 48/39 48/23 13.60 0.004
Hypertension, yes/no 60/13 50/19 70/17 59/12 3.05 NS

Diabetes, yes/no 15/58 20/49 24/63 26/45 4.62 NS
Hypercholesterolemia, yes/no 22/51 19/50 29/58 28/43 2.54 NS

Coronary artery disease, yes/no 10/63 13/56 9/78 14/57 3.52 NS
Tobacco smoking, yes/no/ex 7/54/12 13/47/9 15/57/15 26/37/8 17.90 0.006

Atrial fibrillation, yes/no 11/62 7/62 8/79 9/62 1.56 NS
Neurologic signs, yes/no 29/44 30/39 36/51 32/39 0.49 NS

Family history, yes/no 8/65 13/56 8/79 8/63 3.70 NS
History of depression, yes/no 15/58 17/52 29/67 16/55 2.40 NS
MRI, lacunar/Fazekas 1/2/3 13/15/29/16 8/22/24/15 15/21/32/19 12/21/24/14 3.81 NS

Legend: ex = former smokers; MRI = magnetic resonance imaging; Fazekas 1/2/3 = white matter lesion severity based on the Fazekas
visual scale: 0 = lack of foci; 1 = punctuate foci; 2 = initially confluent foci; 3 = large confluent foci; NS = not significant.

The simple (not adjusted) regression analysis between HDRS and individual daily
coffee consumption in the whole group of subjects showed a correlation coefficient that
can be considered to be medium-to-large, according to Cohen [65] (−0.386; p < 0.000001).
The same analysis yielded a correlation coefficient of 0.193 (p < 0.0008, small-to-medium
size) between coffee consumption and MMSE, and of 0.256 (p < 0.000001, close to medium
size) between daily coffee consumption and Stroop T.

4. Discussion

4.1. Main Findings

This is the first study focused on the association between a specific coffee preparation
method (i.e., mocha) and cognitive impairment and late-life depression in a homogeneous
population of non-demented elderly subjects with SIVD. Most of the previous studies,
indeed, explored the effects of boiled or filtered coffee, which are very popular in other
European countries and in the USA [66]. An association between coffee consumption and
cognitive and mood performance in VCI subjects, along with a dose-response association
already observed with a moderate intake (two cups/day), without difference for heavier
drinkers (with the exception of the MMSE results), are the main findings of this study.

A number of longitudinal and cross-sectional population-based studies hypothesized
a protective role of coffee in cognitive impairment [37], although not all performed an
extensive neuropsychological evaluation and, among them, the association was not found
in all cognitive domains. In general, with increasing quantity of coffee, a positive dose-
response effect was observed in cognitive batteries evaluating verbal memory, reaction
time, and visuo-spatial skills [38], with higher lifetime coffee intake associated with higher
scores [39]. On the other hand, in a cohort of elderly subjects, a significant association
between coffee intake and overall cognitive and mnesic performance was found, although,
after adjustment for age, intelligence quotient, and social status, this association became not
significant [67]. In our population, we found a significant difference in age and education
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among the four groups, but the General Regression Model showed that the associations
between mocha coffee intake and both cognition and mood were independent from the
socio-demographic variables.

Other longitudinal studies found a negative association between coffee intake and cog-
nitive disorder in a sample of healthy elderly men from different European countries [68],
especially in women [69–71]. In particular, higher coffee consumption was associated with
a moderately better maintenance of cognitive status over five years in older females with
vascular diseases [72]. Such gender-related association was not evident in the present
population of VCI subjects, as well as the association with vascular burden. Even for these
aspects, previous evidence in this type of population is scarce and not tailored to the coffee
preparation method. Regarding the gender-related effect, an earlier prospective study [73]
on 455 participants (314 men) found that the incidence of small vessel disease was lower in
male drinkers than male non-drinkers and occasional drinkers, whereas the incidence of
WMLs was lower in female drinkers than female non-drinkers or occasional drinkers. In
the multivariate analyses including age, sex, smoking status, body-mass index, and coffee
consumption, the incidence of microbleeds was significantly lower in male drinkers com-
pared to non-drinkers [73]. Regarding the vascular burden, a recent study [74] assessing the
impact of some dietary intake (including coffee) on cognitive outcome and MRI parameters
in old age demonstrated an inverse association between coffee consumption and cognitive
performance. Moreover, moderate-to-heavy coffee drinking was associated with better
white matter preservation and cerebral blood flow in cognitively stable elders [74].

It should be reported that some prospective reports did not observe any association
between coffee intake and cognitive disorders [41,75–77]. Among 418 subjects who under-
went brain autopsy, there was no association between coffee consumption and the risk
of cognitive impairment, VaD, AD, or moderate/severe neuropathological lesions [41].
In 2015, a meta-analysis reached the conclusion that coffee or tea consumption was not
associated with a risk of cognitive decline [78]. Nonetheless, the majority of systematic
reviews and meta-analyses seem to converge on a positive effect of caffeine on cognitive de-
cline [79–81], with a greater impact in females than in males [53], along with the minimum
risk at a daily intake of one–two cups of coffee [82]. Similarly, two meta-analyses showed
that coffee intake was significantly associated with a reduced risk of depression [42,43].
Accordingly, we found that subjects with the highest daily coffee consumption had signifi-
cantly better MMSE compared to the other groups.

Finally, little is known about coffee and depression in older adults, as well as a dose-
response association. According to our data, the positive association with HDRS and Stroop
T seems to be dose-dependent, with a significant association reached with a moderate
intake (two cups/day) and not further increasing with higher intake. In this context, it has
been previously demonstrated that drinking coffee or tea was associated with lower risk
for depression in older adults [83], whereas in another study on middle-age participants,
those who drank at least four cups of coffee per day showed a significantly lower risk of
depression than participants drinking ≤one cup, although an inverse linear dose-response
association was not observed [84]. Finally, a very recent multicentre cross-sectional study
on 1992 elderly Japanese women [85] found that coffee intake was associated with a
lower prevalence of depressive symptoms in a fully adjusted model. Caffeine intake was
also associated with depressive symptoms, although the association was not statistically
significant, suggesting that the association might also be related to other substances in
coffee or other factors related to coffee intake [85].

A recent study in Italy has evaluated the association between modification or constant
habits in coffee intake and the occurrence of MCI in a sample of elderly subjects followed-
up for 3.5 years [86]. This study found that individuals who usually drink a moderate
daily quantity of coffee (one–two cups) exhibited a lower rate of MCI compared to non-
drinkers or occasional consumers. Those who increased coffee consumption (>one cup)
shower a higher incidence rate of MCI than subjects with constant habits (up to +/−
one cup) or those without consumption. Additionally, no significant association between
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higher quantity of coffee intake (>two cups) and the incidence of MCI compared with
non-drinkers or occasional consumers was observed [86]. Conversely, heavy and prolonged
coffee consumption is associated with the risk of WMLs in later life, likely through an
increase in arterial stiffness, vascular resistance, and cerebral vasoconstriction. This may
result in reduced cerebral blood flow and eventually lead to an increased rate and severity
of vascular lesions [87].

Lastly, tobacco smoking reduces the half-life of caffeine [88], a finding that might
contribute to a weaker protective effect of coffee in smokers. Therefore, given that smokers
are often coffee consumers, a weaker protective role is likely to take place in males, with the
rate of smokers being higher in males than in females [89–91]. Although in our sample we
found a significant difference in smoking habits among the groups, there was no significant
smoking-related independent association with the outcome measures.

4.2. Limitations

These findings need to be considered in light of some limitations. Firstly, due to its
cross-sectional design, this study is prone to several biases, including that of drinking habit
as an effect of cognitive status rather than causally related [53]. Additionally, population-
based studies may suffer from item response bias in the measures of cognition. Therefore,
we cannot establish a causal association between these factors. Similarly, although a
dose-response association is likely to occur, a causal relationship cannot be established.
Future investigations, along with multidimensional follow-up, will verify the possibility
of a protective role of mocha coffee consumption in the measures of interest, as well as a
dose-response effect.

Secondly, not all cognitive domains were explored in this study, although we focused
on those domains typically and early affected in subjects with VCI.

The self-reported coffee drinking habits may represent an additional limitation, al-
though measurement errors are often inevitable for dietary exposures, especially in older
individuals or in some with cognitive impairment, who may hardly have a reliable record
of their usual consumption.

Fourthly, although the results were adjusted for possible confounding factors, we
cannot entirely exclude the potential association with unmeasured confounders. For
instance, coffee consumption may be related to other lifestyle and social factors that may
account for part of the associations observed. This also holds true for medications assumed
for the control of co-morbid conditions.

Lastly, although we hypothesized that caffeine would have contributed to the results,
the potential contribution of other compounds contained in coffee (for instance, flavonoids)
cannot be excluded and deserves further investigation.

5. Conclusions

Moderate mocha coffee consumption was associated with higher cognition and mood
status in non-demented elderly subjects with VCI. If confirmed in larger populations,
these findings may be implicated in the delay or even prevention of some age-related
cognitive disorders and late-life mood disturbances. Prospective studies will elucidate
the potential protective effect of different methods of coffee preparation both in aged
healthy individuals and in patients with cognitive decline and geriatric depression, thus
contributing to disentangling the exciting relationships between coffee intake and the
aging brain.
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Abstract: The role of diet quality in depression is an emerging research area and it appears that diet

quality could be an important modifying factor. The aims of this study were to report the prevalence

of diet quality among individuals with and without a self-reported diagnosis of depression aged

from 16 to 64 years old in Spain, to analyze the time trends of the frequency of food consumption

and diet quality from 2011 to 2017 in individuals with a self-reported diagnosis of depression, and to

explore the associations between poor/improvable diet quality and sociodemographic, lifestyle,

and health-related factors. A nationwide cross-sectional study was conducted in 42,280 participants

with and without a self-reported diagnosis of depression who had participated in the 2011/2012 and

2017 Spanish National Health Surveys and the 2014 European Health Survey in Spain. A logistic

regression analysis was performed to identify the variables associated with diet quality. The overall

prevalence of diet quality among depressive and non-depressive individuals revealed 65.71% and

70.27% were in need of improvement, respectively. Moreover, having a poor or improvable diet

quality is associated with male gender, people aged 16–24 years old and 25–44 years old, separated

or divorced, and also in smokers.

Keywords: depressive disorder; diet; mental disorders; nutrition surveys; population; trends

1. Introduction

Depression ranks globally among the top 10 disability causes [1,2], affecting approx-
imately 5% to 6% of people each year worldwide and 11% to 15% of people in their
lifetime [3]. Moreover, depression is often recurrent or chronic and has a negative impact
on people’s functioning and somatic health [4]. Additionally, it has been associated with a
poor quality of life, physical decline, higher risk of premature death, and a greater economic
burden [5]. Thus, depression is an important public health concern, for which there is an
urgent need to identify modifiable factors to reduce its prevalence [6].

The role of diet quality in mental health illnesses and, in particular, depression is
an emerging research area, and it appears that diet quality could be a major modifying
factor [7–10]. Although some authors have found no associations [8], others show a link
between a healthy dietary pattern and a reduced likelihood of depressive symptoms [7,11].
However, direct evidence is not readily available [12–14].

Some studies have found that depressive symptoms were associated with higher
intakes of sugar, sodium, and saturated fat [15,16] or frequent consumption of meat and
eggs [9,17] and lower intakes of low-calorie foods [18] and antioxidants, fruit and veg-
etables [19], fish [9], or legumes [20]. However, further studies are needed to assess the
influence of types of diet on depression [21]. For example, the impact of soft drinks on
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mental health has drawn considerable interest from researchers in recent years due to the
fact that numerous studies have suggested a consistent association between soft drink
consumption and depressive symptoms [22–24].

It seems clear that the factors associating depression with diet quality include sociode-
mographic and economic conditions. For example, depression is more prevalent in people
with low socioeconomic status [25,26], probably due to the fact that higher diet quality or
“healthy foods” often have limited uptake because they are more costly [27,28]. In addition,
any observed association between depression and diet quality might be accounted for
by lifestyle habits, given that people with depression engage in less leisure-time physical
activity than those without depression [29], due to a lack of energy and greater fatigue,
which are common symptoms of depression [30]. Moreover, the lack of interest in vari-
ous activities, for example, the motivation to cook or enjoy meals, may be explained by
depressive symptoms [31].

Nowadays, drugs and psychological interventions are used to reduce symptoms of
depression. Nevertheless, psychological interventions only reduce the incidence rate of
depression by 20–25% [32] and medications show minimal benefits in the sub-threshold
of depression [33]. Considering the rise in the number of people with depression world-
wide [34], preventive strategies are needed in order to reduce its prevalence. For this
reason, it is important to reflect on numerous factors affecting the development of depres-
sion [35], with particular attention given to modifiable behavior such as a diet that can
potentially prevent this disorder [36]. In recent years, there has been a shift of focus from
studying single nutrients toward dietary patterns [37]. This particular study uses diet
quality scores to evaluate dietary patterns, based on the dietary guidelines of the Spanish
Society of Community Nutrition (SSCN) [38]. Moreover, this study is the first to show the
relationship between numerous different sociodemographic, lifestyle, and health-related
characteristics and diet quality independently and simultaneously in a large, representative
sample of the population with a self-reported diagnosis of depression in Spain, aged be-
tween 16–64 years old, conducted from 2011 to 2017. Therefore, the main objectives of
the present study were to report the prevalence of diet quality among individuals with
and without a self-reported diagnosis of depression aged from 16 to 64 years old in Spain,
to analyze the time trends of the frequency of food consumption and diet quality from
2011 to 2017 in individuals with a self-reported diagnosis of depression, and to explore
the associations between poor/improvable diet quality and sociodemographic, lifestyle,
and health-related factors.

2. Materials and Methods

2.1. Study Design

A quantitative, observational, nationwide, cross-sectional study.

2.2. Data Source and Study Population

The data were obtained from the personalized interviews in the Spanish National
Health Survey (SNHS) 2011/2012 (from July 2011 to July 2012) [39], the European Health
Survey in Spain (EHSS) 2014 (from January 2014 to January 2015) [40], and the SNHS
2017 (from October 2016 to October 2017) [41]. The SNHS and EHSS had a cross-sectional
and population-based design and were conducted at the national level, focusing on the
non-institutionalized population (representativeness is ensured by assigning a weighting
coefficient to each participant), through an interview. These surveys were carried out by the
National Institute of Statistics and the Ministry of Health, Consumer Affairs, and Social Wel-
fare in Spain. These personal interviews were multistage probabilistic, stratified sampling
by census areas (first stage), sections (second stage), and individuals (third stage). The se-
lected households were initially contacted through a letter from the Ministry of Health,
Consumer Affairs, and Social Welfare in Spain requesting their collaboration, in which
they were informed that they had been selected for the survey and that this survey was
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confidential and they were notified of the upcoming visit of a duly authorized interviewer.
A detailed description of SNHS and EHSS methodologies can be found elsewhere [39–41].

For the data analyzed, the inclusion criteria were: people aged from 16 to 64 years old,
who were resident in Spain during the years of the surveys. Figure 1 shows the flowchart
of the study population. From the initial 47,962 participants (SNHS 2011/2012: n = 14,988;
EHSS 2014: n = 16,136; SNHS 2017: n = 16,838), we excluded 5682 individuals who did
not respond or refused to answer the interview questions (SNHS 2011/2012: n = 1534;
EHSS 2014: n = 1458; SNHS 2017: n = 2690). For the cross-sectional analysis, we included
3217 participants with a self-reported diagnosis of depression (SNHS 2011/2012: n = 930;
EHSS 2014: n = 1168; SNHS 2017: n = 1119) and 39,063 without a self-reported diagnosis of
depression (SNHS 2011/2012: n = 12,524; EHSS 2014: n = 13,510; SNHS 2017: n = 13,029).

Figure 1. Flowchart of the study population. SNHS: Spanish National Health Survey 2011/2012 and 2017; EHSS: European
Health Survey in Spain 2014.

For the purpose of the current study, we assessed the presence of depression through
the health status module of an adult questionnaire from SNHS 2011/2012 [39] and 2017 [41]
and EHSS 2014 [40]. The adult questionnaire collects individual information on a person
aged 15 and over (for SNHS 2011/2012 and SNHS 2017) and 16 and over (for EHSS 2014).
This information covers all the survey’s health variables and is structured into three mod-
ules: (i) health status module, (ii) healthcare module, and (iii) health determinants module.
The health status module collects information on perceived health status, chronic disease
and limitation, diseases and health problems, accidents, restriction of activity, physical,
sensory, and cognitive limitations, limitations on daily activities, mental health, stress,
and job satisfaction. We identified individuals suffering from depression as those that an-
swered “yes” to the question “Have you ever been diagnosed depression by a physician?”.

2.3. Variables

2.3.1. Diet Quality

The dependent variable was diet quality. This variable was measured using the
Spanish Health Eating Index (SHEI) [42]. This instrument was developed to measure
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how well diets meet the food-based dietary guidelines of the Spanish Society of Com-
munity Nutrition (SSCN) [38] and contain 10 items that represent food groups from
the dietary guidelines. Each variable represents: (i) bread or grains, (ii) leafy greens,
salads, and vegetables, (iii) fresh fruit (excluding juices), (iv) dairy products (milk, cheese,
yoghurt), (v) meat (chicken, beef, pork, lamb, etc.), (vi) legumes, (vii) cold meats and cuts,
(viii) sweets (biscuits, pastries, jams, cereals with sugar, sweets, etc.), (ix) soft drinks with
sugar, and (x) variety of the diet, built on the recommendations of SSCN. These items were
identically worded in the questionnaires and identical in the SNHS 2011/2012 and 2017,
and EHSS 2014. Each of the items is divided into 5 categories, which refer to the frequency
of food consumption: never or hardly ever, less than once a week, once or twice a week,
three or more times a week, but not daily, and daily. The food groups were categorized
as follows: bread or grains, leafy greens, salads and vegetables, fresh fruit (excluding
juices), dairy products (milk, cheese, yogurt), which represent the food groups for daily
consumption; meat (chicken, beef, pork, lamb, etc.) and legumes correspond to the weekly
consumption food groups; cold meats and cuts, sweets (biscuits, pastries, jams, cereals
with sugar, sweets, etc.) and soft drinks with sugar correspond to the occasional food
groups; and the last represents the variety of the diet, a fundamental objective in a healthy
diet. Each food group received a score, which ranged from 0 to 10 according to the criteria
established in the Supplementary Table S1, where 10 points in a food group means that it
complies with the recommendations proposed by the Spanish Society of Community Nutri-
tion [38]. Total (overall) SHEI scores range from 0 to 100 and are the sum of the frequency
of consumption of 10 food groups. The SHEI result contains three categories: poor diet,
diet in need of improvement, and good diet, using the cut-off points previously established
in the questionnaire validation [42]: poor diet quality (SHEI score <51), diet in need of
improvement (SHEI score between 51 and 80), and good diet quality (SHEI score >80).

2.3.2. Sociodemographic Variables

The independent variables were: year of the surveys (2011/2012, 2014, 2017), gender
(female, male), age group (16–24 years, 25–44 years, 45–64 years), marital status (single,
married, widowed, separated/divorced), level of education (without studies, primary,
secondary or professional training, university), nationality (Spanish, foreign), and size of
the town of residence (<10,000 inhabitants, ≥10,000 inhabitants).

Social class, as an independent variable, was assigned according to the categories
proposed by the Spanish Society of Epidemiology [43]. This variable was classified into:
Class I (directors and managers of companies with 10 or more employees and professionals
normally qualified with university degrees), Class II (directors and managers of companies
with less than 10 salaried employees and professionals normally qualified with university
degrees and other technical support professionals. Athletes and artists), Class III (interme-
diate professions and self-employed workers), Class IV (supervisors and workers in skilled
technical work), Class V (skilled workers in the primary sector and other semi-skilled
workers), Class VI (unskilled workers). For the purposes of this study, these six original
classes were rearranged into three groups (Classes I and II, Classes III and IV, Classes V
and VI).

2.3.3. Health-Related Variables

Body mass index (BMI), which was calculated from the self-reported values of
body weight and height, was classified according to the World Health Organization [44].
Thus, the following categories were used: underweight (BMI <18.50 kg/m2), normal-
weight (BMI ranged between 18.50 and 24.99 kg/m2), overweight (BMI ranged between
25.00 and 29.99 kg/m2), and obesity (BMI ≥30 kg/m2).

Other health-related variables in the study were: current smoking habit (yes, no),
consumption of alcoholic beverages in the past 12 months prior to the survey (yes, no),
and self-perceived health status (very good, good, fair, poor, very poor).
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2.3.4. Lifestyle Behavior

Lifestyle behavior included: physical activity in main activity (physically active in the
main activity, not physically active in main activity), physical activity during leisure time
(yes, no), and the number of days in the last 7 days when the respondent walked for at
least 10 min at a time (maximum 7 days).

2.4. Ethical Aspects

The data obtained from these surveys are available on the Ministry of Health,
Consumer Affairs, and Social Welfare of Spain and the National Institute of Statistics
websites [39–41] in the form of anonymized microdata: no special authorization is, there-
fore, required for their use. According to the SNHS and EHSS methodology, the microdata
files are stored anonymously and are available to the public. In accordance with Spanish
law, when secondary data are used, there is no need for approval from an Ethics Committee.
The research data is available here as a Supplementary File.

2.5. Statistical Analysis

A descriptive analysis was performed by calculating the counts and percentages for
the qualitative variables and the continuous variables by calculating the arithmetic mean
and standard deviation (SD). Sociodemographic, lifestyle, health-related characteristics,
and the diet quality of people with and without a self-reported diagnosis of depression
were compared using the Chi-square test for contingency tables or Fisher’s exact test if the
number of expected frequencies was greater than 5. For the bivariate analysis, Student’s
t-test for means in normal distribution variables was used. Linear regression models were
used to identify statistically significant trends in the frequency of food consumption in the
period of 2011–2017. The regression coefficient and the coefficient of determination (R2)
were calculated to assess the direction, average magnitude of the change, and performance
of the models. In addition, logistic regression was performed to identify the variables asso-
ciated with the diet quality of people with a self-reported diagnosis of depression. It should
be noted that the variable for diet quality of people with a self-reported diagnosis of depres-
sion was classified as “good diet” (a score over 80 on the SHEI) and “poor/improvable diet”
(a score less than or equal to 80) for the bivariate and multivariate analysis. All the variables
with a significant association in the bivariate analysis were included in the multivariate
analysis. Crude and adjusted Odds Ratios (OR) were calculated with 95% confidence
intervals. The Wald statistic was used to exclude one by one from the model any variables
with a p ≥ 0.15 (backward methodical selection procedure). The goodness of fit was verified
with the Hosmer–Lemeshow test. All the hypothesis contrasts were bilateral and in all the
statistical tests with a 95% confidence level (p < 0.05) were considered significant values.
The statistical power for all the analyses conducted was 80%. The variables that were part
of the final multivariate-adjusted model were gender, age group, marital status, current
smoking habit, consumption of alcoholic beverages in the past 12 months prior to the
survey, and number of days in the last 7 days when the respondent had walked for at least
10 min at a time. The statistical analysis was carried out using IBM SPSS Statistics version
25 (IBM Corp, Armonk, NY, USA), licensed to the University of Seville (Spain).

3. Results

3.1. Sociodemographic, Lifestyle Habits and Health-Related Variables

The total number of individuals with a self-reported diagnosis of depression included
in the study was 3217. Participants with a self-reported diagnosis of depression were more
often females (68.67% vs. 48.97%, p < 0.001), 45–64 years old (72.09% vs. 45.57%, p < 0.001),
Spanish (95.37% vs. 91.62%, p < 0.001), current smokers (37.24% vs. 31.09%, p < 0.001),
and not physically active (86.23% vs. 80.42%, p < 0.001) compared to people without a
self-reported diagnosis of depression (Table 1).
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Table 1. Sociodemographic, lifestyle, and health-related variables according to depressive status in people aged from 16 to
64 years (N = 42,280) (2011–2017).

Variables
Participants with a Self-Reported

Diagnosis of Depression
n = 3217 (%)

Participants without a Self-Reported
Diagnosis of Depression

n = 39,063 (%)
p-Value

Gender
<0.001Female 2209 (68.67%) 19,130 (48.97%)

Male 1008 (31.33%) 19,933 (51.03%)

Age group

<0.001
16–24 years old 52 (1.61%) 3726 (9.54%)
25–44 years old 846 (26.30%) 17,535 (44.89%)
45–64 years old 2319 (72.09%) 17,802 (45.57%)

Marital status

<0.001
Single 779 (24.21%) 13,041 (33.38%)

Married 1627 (50.58%) 22,207 (56.85%)
Widowed 265 (8.24%) 799 (2.05%)

Separated/Divorced 546 (16.97%) 3016 (7.72%)

Level of education

<0.001
Without studies 272 (8.46%) 1361 (3.48%)

Primary 636 (19.77%) 4023 (10.30%)
Secondary or PT 1948 (60.55%) 24,672 (63.16%)

University 361 (11.22%) 9007 (23.06%)

Nationality
<0.001Spanish 3068 (95.37%) 35,789 (91.62%)

Foreign 149 (4.63%) 3274 (8.38%)

Size of town of residence
0.71<10,000 inhabitants 693 (21.54%) 8527 (21.83%)

≥10,000 inhabitants 2524 (78.46%) 30,536 (78.17%)

Social class

<0.001
Classes I and II 384 (11.94%) 8531 (21.84%)

Classes III and IV 967 (30.06%) 13,561 (34.72%)
Classes V and VI 1866 (58.00%) 16,971 (43.44%)

Body Mass Index

<0.001
Underweight 64 (1.99%) 917 (2.35%)

Normal weight 1221 (37.95%) 18,922 (48.44%)
Overweight 1189 (36.96%) 13,448 (34.43%)

Obese 743 (23.10%) 5776 (14.78%)

Current smoking habit
<0.001Yes 1198 (37.24%) 12,146 (31.09%)

No 2019 (62.76%) 26,917 (68.91%)

Consumption of alcoholic
beverages in the past 12

months prior to the survey <0.001
Yes 1638 (50.92%) 26,911 (68.89%)
No 1579 (49.08%) 12,152 (31.11%)

Physical activity in main
activity

<0.001Physically active 443 (13.77%) 7647 (19.58%)
Not physically active 2774 (86.23%) 31,416 (80.42%)

Number of days in the last
7 days when the

respondent had walked
for at least 10 min at a

time (maximum 7 days)

M SD M SD

<0.001
4.29 2.92 4.64 2.81

PT = Professional Training; M = mean; SD = Standard Deviation.
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3.2. Diet Quality

As can be seen in Table 2, the prevalence of daily consumption of leafy greens, salads
and vegetables, and fresh fruit was higher among participants with a self-reported diagno-
sis of depression (44.33% vs. 43.67% p < 0.001; 61.95% vs. 60.72% p < 0.001, respectively).
Nonetheless, the daily consumption of bread was lower in that population (82.47% vs.
83.28% p < 0.001). Regarding diet quality, the prevalence of poor and good diet quality
was higher in individuals with depression (3.05% vs. 2.71% p < 0.001; 31.24% vs. 27.02%
p < 0.001, respectively). In addition, a diet in need of improvement was more prevalent in
participants without a diagnosis of depression (70.27% vs. 65.71% p < 0.001).

Table 2. Frequency of food consumption and diet quality according to depressive status in participants aged from 16 to
64 years (N = 42,280) (2011–2017).

Variables

Participants with a
Self-Reported Diagnosis of

Depression
n = 3217 (%)

Participants without a
Self-Reported Diagnosis of

Depression
n = 39,063 (%)

p-Value

Frequency of consumption of bread
or grains

<0.001

Never or hardly ever 108 (3.36) 718 (1.84)
Less than once a week 73 (2.27) 671 (1.72)
Once or twice a week 129 (4.00) 1564 (4.00)

Three or more times a week, but not
daily

254 (7.90) 3579 (9.16)

Daily 2653 (82.47) 32,531 (83.28)

Frequency of consumption of leafy
greens, salads and vegetables

<0.001

Never or hardly ever 61 (1.90) 469 (1.20)
Less than once a week 99 (3.07) 925 (2.37)
Once or twice a week 403 (12.53) 4548 (11.64)

Three or more times a week, but not
daily

1228 (38.17) 16,061 (41.12)

Daily 1426 (44.33) 438 (43.67)

Frequency of fresh fruit (excluding
juices) consumption

<0.001

Never or hardly ever 156 (4.85) 1315 (3.37)
Less than once a week 166 (5.16) 1491 (3.82)
Once or twice a week 305 (9.48) 4017 (10.28)

Three or more times a week, but not
daily

597 (18.56) 8519 (21.81)

Daily 1993 (61.95) 23,721 (60.72)

Frequency of consumption of dairy
products (milk, cheese, yoghurt)

<0.001

Never or hardly ever 124 (3.85) 990 (2.54)
Less than once a week 76 (2.36) 803 (2.06)
Once or twice a week 125 (3.89) 1525 (3.90)

Three or more times a week, but not
daily

240 (7.46) 3497 (8.95)

Daily 2652 (82.44) 32,248 (82.55)

Frequency of meat (chicken, beef,
pork, lamb, etc.) consumption

<0.001

Never or hardly ever 56 (1.74) 443 (1.13)
Less than once a week 130 (4.04) 693 (1.77)
Once or twice a week 972 (30.22) 9585 (24.54)

Three or more times a week, but not
daily

1807 (56.17) 24,380 (62.41)

Daily 252 (7.83) 3962 (10.15)
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Table 2. Cont.

Variables

Participants with a
Self-Reported Diagnosis of

Depression
n = 3217 (%)

Participants without a
Self-Reported Diagnosis of

Depression
n = 39,063 (%)

p-Value

Frequency of legumes consumption

0.01

Never or hardly ever 91 (2.83) 956 (2.45)
Less than once a week 370 (11.50) 4236 (10.85)
Once or twice a week 1890 (58.75) 23,970 (61.36)

Three or more times a week, but not
daily

820 (25.49) 9507 (24.34)

Daily 46 (1.43) 394 (1.00)

Frequency of consumption of cold
meats and cuts

<0.001

Never or hardly ever 449 (13.96) 3868 (9.90)
Less than once a week 647 (20.11) 6305 (16.14)
Once or twice a week 951 (29.56) 11,627 (29.76)

Three or more times a week, but not
daily

784 (24.37) 11,694 (29.94)

Daily 386 (12.00) 5569 (14.26)
Frequency of consumption of sweets
(biscuits, pastries, jams, cereals with

sugar, sweets, etc.)

<0.001

Never or hardly ever 574 (17.84) 5528 (14.15)
Less than once a week 596 (18.53) 6550 (16.77)
Once or twice a week 626 (19.46) 8453 (21.64)

Three or more times a week, but not
daily

515 (16.01) 7596 (19.44)

Daily 906 (28.16) 10,936 (28.00)

Frequency of consumption of soft
drinks with sugar

<0.001

Never or hardly ever 1606 (49.92) 15,503 (39.69)
Less than once a week 643 (19.99) 7911 (20.25)
Once or twice a week 383 (11.91) 6920 (17.72)

Three or more times a week, but not
daily

261 (8.11) 4247 (10.87)

Daily 324 (10.07) 4482 (11.47)

Diet quality

<0.001
Poor diet quality 98 (3.05) 1060 (2.71)

Diet in need of improvement 2114 (65.71) 27,448 (70.27)
Good diet quality 1005 (31.24) 10,555 (27.02)

According to the year of the survey (Table 3), there was a decrease in the number of
people with a self-reported diagnosis of depression who never or hardly ever consumed
legumes (β = −0.42, R2 = 1.00, p = 0.03). In the same way, the percentage of people with
depression who consumed soft drinks with sugar on a daily basis decreased (β = −0.44, R2

= 1.00, p = 0.02).

Table 3. Frequency of food consumption by people with a self-reported diagnosis of depression in Spain aged from 16 to 64
years by year of survey (N = 3217) (2011–2017).

Variables
2011/2012

n = 930 (%)
2014

n = 1168 (%)
2017

n = 1119 (%)
B R2 p-Value

Frequency of consumption of
bread or grains

Never or hardly ever 35 (3.76) 40 (3.43) 33 (2.95) −0.14 0.99 0.07
Less than once a week 24 (2.58) 30 (2.57) 19 (1.70) −0.15 0.76 0.33
Once or twice a week 47 (5.06) 38 (3.25) 44 (3.93) −0.19 0.38 0.58

Three or more times a week, but
not daily

57 (6.13) 109 (9.33) 88 (7.86) 0.29 0.29 0.64

Daily 767 (82.47) 951 (81.42) 935 (83.56) 0.18 0.26 0.6638
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Table 3. Cont.

Variables
2011/2012

n = 930 (%)
2014

n = 1168 (%)
2017

n = 1119 (%)
B R2 p-Value

Frequency of consumption of leafy
greens, salads and vegetables

Never or hardly ever 22 (2.36) 24 (2.05) 15 (1.34) −0.17 0.95 0.14
Less than once a week 36 (3.87) 31 (2.65) 32 (2.86) −0.17 0.60 0.44
Once or twice a week 125 (13.44) 149 (12.76) 129 (11.53) −0.32 0.97 0.10

Three or more times a week, but
not daily

309 (33.23) 452 (38.70) 467 (41.73) 1.42 0.97 0.10

Daily 438 (47.10) 512 (43.84) 476 (42.54) −0.76 0.94 0.15

Frequency of fresh fruit (excluding
juices) consumption
Never or hardly ever 67 (7.21) 41 (3.51) 48 (4.29) −0.49 0.56 0.46

Less than once a week 45 (4.84) 49 (4.19) 72 (6.43) 0.27 0.48 0.52
Once or twice a week 88 (9.46) 103 (8.82) 114 (10.19) 0.12 0.28 0.64

Three or more times a week, but
not daily

136 (14.62) 242 (20.72) 219 (19.57) 0.83 0.58 0.45

Daily 594 (63.87) 733 (62.76) 666 (59.52) −0.72 0.93 0.18

Frequency of consumption of
dairy products (milk, cheese,

yoghurt)
Never or hardly ever 43 (4.62) 43 (3.68) 38 (3.40) −0.20 0.91 0.19

Less than once a week 17 (1.83) 32 (2.74) 27 (2.41) 0.10 0.40 0.57
Once or twice a week 30 (3.23) 50 (4.28) 45 (4.02) 0.13 0.52 0.49

Three or more times a week, but
not daily

47 (5.05) 105 (8.99) 88 (7.86) 0.47 0.48 0.51

Daily 793 (85.27) 938 (80.31) 921 (82.31) −0.49 0.35 0.60

Frequency of meat (chicken, beef,
pork, lamb, etc.) consumption

Never or hardly ever 22 (2.37) 13 (1.11) 21 (1.88) −0.08 0.15 0.75
Less than once a week 40 (4.30) 50 (4.28) 40 (3.57) −0.12 0.77 0.32
Once or twice a week 304 (32.69) 346 (29.62) 322 (28.78) −0.65 0.90 0.20

Three or more times a week, but
not daily

493 (53.01) 671 (57.45) 643 (57.46) 0.74 0.75 0.33

Daily 71 (7.63) 88 (7.54) 93 (8.31) 0.11 0.65 0.40

Frequency of consumption of
legumes

Never or hardly ever 39 (4.19) 33 (2.83) 19 (1.70) −0.42 1.00 0.03
Less than once a week 113 (12.15) 131 (11.21) 126 (11.26) −0.15 0.71 0.36
Once or twice a week 538 (57.85) 662 (56.68) 690 (61.66) 0.63 0.54 0.48

Three or more times a week, but
not daily

222 (23.87) 330 (28.25) 268 (23.95) 0.01 0.00 0.99

Daily 18 (1.94) 12 (1.03) 16 (1.43) −0.09 0.31 0.62

Frequency of consumption of cold
meats and cuts

Never or hardly ever 195 (20.96) 132 (11.30) 122 (10.90) −1.68 0.78 0.31
Less than once a week 198 (21.29) 250 (21.41) 199 (17.79) −0.58 0.72 0.35
Once or twice a week 255 (27.42) 367 (31.42) 329 (29.40) 0.33 0.25 0.67

Three or more times a week, but
not daily

151 (16.24) 289 (24.74) 344 (30.74) 2.42 0.99 0.06

Daily 131 (14.09) 130 (11.13) 125 (11.17) −0.49 0.74 0.34

Frequency of consumption of
sweets (biscuits, pastries, jams,
cereals with sugar, sweets, etc.)

Never or hardly ever 245 (26.34) 180 (15.41) 149 (13.31) −2.17 0.87 0.24
Less than once a week 158 (16.99) 212 (18.15) 226 (20.20) 0.54 0.98 0.10
Once or twice a week 131 (14.09) 238 (20.38) 257 (22.97) 1.48 0.95 0.15

Three or more times a week, but
not daily

99 (10.64) 217 (18.58) 199 (17.78) 1.19 0.67 0.39

Daily 297 (31.94) 321 (27.48) 288 (25.74) −1.03 0.94 0.16

Frequency of consumption of soft
drinks with sugar

Never or hardly ever 527 (56.67) 539 (46.15) 540 (48.26) −1.40 0.57 0.45
Less than once a week 139 (14.95) 256 (21.92) 248 (22.16) 1.20 0.77 0.31
Once or twice a week 94 (10.11) 140 (11.99) 149 (13.31) 0.53 0.99 0.06

Three or more times a week, but
not daily

63 (6.77) 115 (9.84) 83 (7.42) 0.11 0.04 0.87

Daily 107 (11.50) 118 (10.10) 99 (8.85) −0.44 1.00 0.0239
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Table 3. Cont.

Variables
2011/2012

n = 930 (%)
2014

n = 1168 (%)
2017

n = 1119 (%)
B R2 p-Value

Diet quality
Poor diet quality 25 (2.69) 45 (3.85) 28 (2.50) −0.03 0.02 0.92

Diet in need of improvement 529 (56.88) 798 (68.32) 787 (70.33) 2.24 0.86 0.24
Good diet quality 376 (40.43) 325 (27.83) 304 (27.17) −2.21 0.79 0.31

p-value is for trend.

3.3. Association between Sociodemographic, Lifestyle, and Health-Related Characteristics and
Diet Quality

As regards the adjusted logistic regression model, Table 4 showed that the probability
of having a poor or improvable diet quality was higher in males (OR = 1.47, 95% CI
1.23–1.76), people aged 16–24 years old (OR = 3.05, 95% CI 1.24–6.95) and 25–44 years
old (OR = 2.32, 95% CI 1.89–2.86), separated or divorced (OR = 1.41, 95% CI 1.13–1.75),
and people who currently smoked (OR = 1.70, 95% CI 1.43–2.02). In addition, the probability
of having poor or improvable diet quality was lower in people who had not consumed
alcoholic beverages in the past 12 months (OR = 0.80, 95% CI 0.69–0.94). Moreover, walking
in the last 7 days for at least 10 min at a time was associated with diet quality (OR = 0.95,
95% CI 0.92–0.97).

Table 4. Association between diet quality and sociodemographic, lifestyle, and health-related variables in people with a
self-reported diagnosis of depression in Spain aged from 16 to 64 years (N = 3217) (2011–2017).

Variables

Individuals with a Self-Reported Diagnosis of Depression (N = 3217)

Poor/Need Improvement Diet (n = 2212)

n (%) OR (CI 95%) p-Value ORa (CI 95%) 1 p-Value

Gender
Female 1444 (65.37%) Reference Reference
Male 768 (76.19%) 1.70 (1.43–2.01) <0.001 1.47 (1.23–1.76) <0.01

Age group (years)
<0.01

<0.001
16–24 45 (86.54%) 3.71 (1.67–8.27) <0.01 3.05 (1.24–6.95)
25–44 697 (82.39%) 2.70 (2.22–3.29) <0.001 2.32 (1.89–2.86)
45–64 1470 (63.39%) Reference Reference

Marital status
0.34
0.27

<0.01

Single 621 (79.72%) 0.72 (0.56–0.93) 0.01 0.88 (0.67–1.15)
Married 1061 (65.21%) Reference Reference

Widowed 152 (57.36%) 1.20 (0.97–1.48) 0.09 1.13 (0.91–1.41)
Separated/divorced 378 (69.23%) 2.10 (1.71–2.57) <0.001 1.41 (1.13–1.75)

Social class
Social classes I and II 265 (69.01%) 0.99 (0.78–1.26) 0.94

Social classes III and IV 656 (67.84%) 0.93 (0.80–1.11) 0.46
Social classes V and VI 1291 (69.19%) Reference

Level of education
Without studies 188 (69.12%) 0.94 (0.71–1.23) 0.63

Primary 407 (63.99%) 0.74 (0.62–0.90) <0.01
Secondary or PT 1374 (70.53%) Reference

University 243 (67.31%) 0.86 (0.68–1.10) 0.22

Nationality
Spanish 2094 (68.25%) Reference

<0.01Foreigner 118 (79.19%) 1.78 (1.18–2.65)

Size of town of residence
≤10,000 inhabitants 462 (66.67%) 0.89 (0.74–1.06)

0.18>10,000 inhabitants 1750 (69.33%) Reference
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Table 4. Cont.

Variables

Individuals with a Self-Reported Diagnosis of Depression (N = 3217)

Poor/Need Improvement Diet (n = 2212)

n (%) OR (CI 95%) p-Value ORa (CI 95%) 1 p-Value

Body mass index
Underweight 52 (81.25%) 1.75 (0.92–3.32) 0.09

Normal weight 870 (71.25%) Reference
Overweight 797 (67.03%) 0.80 (0.65–0.97) 0.02

Obesity 493 (66.35%) 0.82 (0.69–0.98) 0.03

Self-perceived health
status

Very good 90 (74.38%) 1.28 (0.83–1.95) 0.26
Good 599 (67.68%) 0.92 (0.77–1.11) 0.37
Fair 920 (69.49%) Reference
Poor 541 (69.38%) 0.99 (0.81–1.22) 0.96

Very poor 152 (64.14%) 0.79 (0.59–1.06) 0.10
Current smoking habit

<0.001Yes 931 (77.71%) 2.01 (1.71–2.37) <0.001 1.70 (1.43–2.02)
No 1281 (63.45%) Reference Reference

Consumption of
alcoholic beverages in

the past 12 months prior
to the survey <0.01

Yes 1184 (72.28%) Reference Reference
No 1028 (65.10%) 0.72 (0.32–0.83) <0.001 0.80 (0.69–0.94)

Physical activity in main
activity

Physically active in main
activity

299 (67.49%) 0.94 (0.75–1.16)

0.54Not physically active in
main activity

1913 (68.96%) Reference

Physical activity during
leisure time

Yes 1130 (66.90%) Reference
No 1082 (70.81%) 1.20 (1.03–1.40) 0.02

Number of days in the
last 7 days when the

respondent walked for at
least 10 min at a time

M SD

0.96 (0.93–0.98) <0.01 0.95 (0.92–0.97)
<0.001

4.17 2.95

PT = Professional Training; M = mean; SD = Standard Deviation; OR = Odds Ratio; ORa = Odds Ratio Adjusted for all sociodemographic,
lifestyle and health-related variables; CI95% = Confidence Interval; n = number of people with a poor or improvable diet quality;
1 the variables included in the final multivariate-adjusted model were: gender, age group, marital status, current smoking habit, consumption
of alcoholic beverages in the past 12 months prior to the survey and number of days in the last 7 days when the respondent had walked for
at least 10 min at a time; Hosmer–Lemeshow test χ2 = 3.31, p = 091; Nagelkerke’s R2: 0.10; p-value < 0.001.

4. Discussion

4.1. Main Findings

The present study, based on a large, representative population with a self-reported
diagnosis of depression in Spain, between 16–64 years old, is the first to show the rela-
tionship between sociodemographic, lifestyle and health-related characteristics and diet
quality from 2011 to 2017.

The results showed that diet quality among people with a self-reported diagnosis of
depression living in Spain was largely improvable. This supports the view that people with
depression have lower scores on healthy dietary pattern surveys [10,45,46]. For example,
Spanish people belonging to the fast food consumption quintiles Q2 to Q5 showed an
increased risk of depression compared to those participants belonging to the lowest level
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of fast food consumption [47]. These findings help improve our understanding of whether
diet quality should be a novel intervention target for the primary prevention of depres-
sion [48]. Numerous meta-analyses and systematic reviews showed the connection between
adherence to good diet quality and as much as a 33% lower risk of incident depressive
outcomes [31,49–52]. As part of the SMILES trial, Jacka et al. [53] showed substantial im-
provements in symptoms of depression following seven consultations on healthy dieting.
Nevertheless, it seems that selectively-induced expectancy and a loss of blinding may have
contributed to the observed effect [54].

In the present study, it was found that the male gender was associated with an
increased probability of having poor or improvable diet quality than women, an outcome
which is consistent with other research [55–57]. One reason for this might be that women
are more likely than men to make food choices for their health benefits or to maintain
a lower body weight [58]. In addition, some studies reporting lower values associated
with diet quality in men could be explained by a social perception that healthy eating is
an inherently feminine habit [59–62]. Tailored dietary interventions targeted specifically
towards men are needed to alter these social and gender norms that link masculinity with
less healthy eating [63]. In particular, it is necessary for young men to learn healthy eating
habits [64].

Young people are less likely to consume healthy food compared to other age
groups [65,66]. This study confirmed that the younger the subject, the greater the risk of
having a poor or improvable diet quality. For instance, Nour et al. [67] reported that young
people aged from 18 to 24 years old reported less variety in the consumption of vegetables
than people aged between 25 and 34. Moreover, older people are more likely to achieve
the recommended daily consumption of fruit and vegetables than young people [68].
Interestingly, the literature shows that young people with lower diet quality scores were
more likely to report depressive symptoms [69,70].

Confirming the findings from previous studies [71,72], our results showed that being
divorced or separated was associated with a lower dietary diversity score. As shown in
this study, the probability of having a poor or improvable diet quality was higher in this
group. This may be due to limited financial resources and lack of family support, which
may restrict their access to a variety of food choices [71]. Another possible explanation
might be food insecurity, which is more prevalent in divorced or separated people [73].

Among the people who met the physical activity guidelines, people who had de-
pression had a significantly lower probability of having a higher diet quality than people
without [74]. This study found that having walked more days in the last 7 for at least 10 min
at a time was associated with diet quality. The reasons for this could include personal and
environmental factors, such as social support, accessibility, and the availability of healthy
food choices, as well as the availability of physical exercise facilities and the opportunities
for walking in the neighborhood [75,76]. It should be noted that exercise could be effective
psychotherapy or alternative treatment for depression [77–79]. In fact, aerobic exercise at
least 3 times per week, at a moderate to high-intensity, can significantly reduce depressive
symptoms [80,81]. Therefore, healthy eating habits and increased physical activity are par-
ticularly promising targets [82], which have progressively featured in the clinical practice
guidelines for managing depression [83].

According to population studies, smokers and non-smokers differ in the type of food
they consume [84–86]. In fact, a meta-analysis that analyzed the links between smoking
and diet has revealed that the dietary habits of smokers are characterized by higher
intakes of energy, saturated fat, cholesterol, and alcohol and by lower intakes of vitamins,
antioxidants, and fiber, in comparison with non-smokers [87]. Moreover, a number of
studies have found that less fruit and vegetables were consumed by smokers than non-
smokers [88,89]. The findings from this study also showed that the probability of having
a poor or improvable diet quality was higher in people who currently smoked, as is also
reflected in the extensive body of literature [88,90–92]. As regards alcohol consumption,
the probability of having a poor or improvable diet quality was lower in people who had
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not consumed alcoholic beverages in the past 12 months. This difference in diet quality
among consumers and non-consumers of alcoholic beverages was also found in other
studies [93,94]. Alcohol is commonly consumed around mealtimes [95], and different
habits of alcoholic beverage consumption were regularly associated with less varied diet
quality [96] and its increased consumption associated with depression [97–99]. Therefore,
this consumption behavior may act as a confounder, which may account for the links
observed between diet quality and depression [100].

The scientific literature has found an association between soft drinks and depressive
symptoms from adolescence to adulthood [23,101,102]. In addition, soft drink consumption
has been linked to an increased risk of type 2 diabetes [103], cardiovascular disease [104],
dental caries [105,106], and weight gain [107]. Reducing this type of consumption is, there-
fore, a high public health priority [108]. This study revealed that the percentage of people
with a self-reported diagnosis of depression who consumed soft drinks with sugar daily
had decreased. This decrease could be explained by the World Health Organization’s
recommendation [109] to governments to reduce the consumption of products that are
harmful to health through taxation and other policies in developed countries, including
Spain [110]. This study also revealed that people with a self-reported diagnosis of de-
pression who never or hardly ever consumed legumes had also decreased. For example,
when legume consumption decreased among US adults, improved communication about
their benefits was introduced [111].

We also identified some differences in dietary habits between depressed and non-
depressed individuals. In that sense, the consumption of legumes once or twice a week was
more frequent in individuals with no depression. Another study found a similar result [20].
This food group is rich in tryptophan, inositol, magnesium, and other important nutrients,
such as fiber, folate, and omega-3 fatty acids. A previous study established a beneficial
effect of the consumption of tryptophan, inositol, and magnesium on the mental well-being
of individuals [112]. Additionally, this study showed that participants with depression had
significantly higher daily consumption of sweets than their non-depressed counterparts.
This finding is in line with the results of another study [113], which may be attributable to
the sugar contents of this group of food. Sweets contain large amounts of sugars, which are
associated with a high glycemic load [114]. Actually, research shows that high glycemic
load diets are associated with a high level of pro-inflammatory cytokines and a worse lipid
profile, which have already been proven to be related to high depressive symptoms [115].
In the present study, the prevalence of daily consumption of leafy greens, salads and
vegetables, and fresh fruit was higher among participants with a self-reported diagnosis
of depression. However, a case-control study carried out by Payne et al. [19] showed that
depressed individuals consumed less fruit and vegetables than non-depressed. Regarding
diet quality, observational studies have shown poorer diet quality in depressed versus
non-depressed individuals, although null findings are common as well [116]. This result
is similar to that found in the current study. The association of depression with poorer
diets could be due to the appetite modification that frequently occurred after the disease
development. Modification of appetite is a common symptom among those diagnosed with
major depression, and it is one of the diagnostic criteria of depression in the DSM-V [45].

4.2. Strengths and Limitations

This study has certain limitations. Firstly, due to the cross-sectional design, it was not
possible to assign causality between the sociodemographic, lifestyle, and health-related
factors and diet quality. Secondly, a self-reported diagnosis of depression was used as
a proxy for a confirmed diagnosis. Thirdly, it should be noted that no distinctions have
been made between patients with different subtypes of depression. Moreover, people
aged over 65 years were not included in this research, and therefore, the sample was not
representative of all people living in Spain. Due to the fact that data from SNHS and
EHSS are stored anonymously, it is impossible to know if a participant has taken part
in more than one survey. Finally, it was not possible to separate remitted and current
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depressed subjects because neither SNHS nor EHSS took this aspect into account. On the
other hand, one strength of our study is that since the data were derived from a national
survey, they were obtained using a carefully planned methodology, including sampling,
well-designed forms, preparation of the survey participants, supervision of the survey,
and filtering of the data, all of which guarantee a representative sample of the population
between 16–64 years old and lead to a greater understanding of this problem in today’s soci-
ety. Moreover, the data information was collected by a trained interviewer from a personal
interview, which avoids the other potential biases commonly found in telephone surveys.

4.3. Implications for Research and Practice

This large, representative sample of people with a self-reported diagnosis of depression
in Spain between 16 and 64 years old enabled us to evaluate a vast number of associations
with factors from different domains simultaneously. Thus, this study provides valuable
insights that will be useful for conducting future research. Our results of the overall
prevalence of diet quality revealed that 31.24% had a good diet quality and 65.71% were
in need of improvement. It is vital for health authorities to take these findings into
consideration when designing strategies to improve diet quality among individuals with
depression. Although this research showed that the number of people who never or
hardly ever consumed legumes and people who consumed soft drinks with sugar on a
daily basis declined from 2011 to 2017, government agencies should persevere with their
efforts to reduce the consumption of soft drinks with sugar due to its potential dangers
for general health [117] and encourage people to consume more legumes for their health
benefits [111]. Additionally, our findings of depressive people suggest that males, people
aged 16–24 years old and 25–44 years, separated or divorced, and also smokers were more
likely to have a poor or improvable diet quality. Therefore, Spanish mental health policies
should be specially adapted to take these characteristics of the population into account in
order to implement, for example, programs promoting a healthy diet [5]. Finally, further
studies are needed to focus on how diet quality is mechanistically connected to depression,
and on how to set up controls for the commonest confounders, such as exposure to stress;
new experimental methods are also needed to study the effects of diet quality and their
consequences for a population with depression [31].

5. Conclusions

The overall prevalence of diet quality among individuals with a self-reported diagnosis
of depression in Spain showed that 65.71% were in need of improvement and 31.24% had a
good diet quality. Among the individuals suffering from depression, there was a decrease
from 2011 to 2017 in the number of people who never or hardly ever consumed legumes
and people who consumed soft drinks with sugar on a daily basis. Having a poor or
improvable diet quality is associated with male gender, people aged 16–24 years old and
25–44 years old, separated or divorced, and also in smokers. However, the likelihood
of having a poor or improvable diet quality decreases in people who had not consumed
alcoholic beverages in the past 12 months. Finally, walking in the last 7 days for at least
10 min at a time is associated with diet quality.
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Abstract: Background: Stress is a natural response of the body, induced by factors of a physical
(hunger, thirst, and infection) and/or psychological (perceived threat, anxiety, or concern) nature.
Chronic, long-term stress may cause problems with sleep, concentration, and memory, as well as
affective disorders. The passionflower (Passiflora incarnata) is a perennial plant with documented
therapeutic properties. The literature data suggest that the passionflower itself, as well as its
preparations, helps reduce stress and can therefore be helpful in the treatment of insomnia, anxiety,
and depression. The objective of this systematic review was to evaluate Passiflora incarnata in
terms of its neuropsychiatric effects. Methods: The scientific databases PubMed, ClinTrials.gov,
and Embase were searched up to 22 October 2019. The search identified randomized clinical trials
describing the effects of Passiflora incarnata in neuropsychiatric disorders. Results: The systematic
review included nine clinical trials. The duration of the studies included in the analysis varied
widely, from one day up to 30 days. Study participants were no less than 18 years old. In each of
the papers, the effects of passionflower were measured by using a number of different tests and
scales. The majority of studies reported reduced anxiety levels following the administration of
Passiflora incarnata preparations, with the effect less evident in people with mild anxiety symptoms.
No adverse effects, including memory loss or collapse of psychometric functions, were observed.
Conclusion: Passiflora incarnata may be helpful in treating some symptoms in neuropsychiatric patients.

Keywords: Passiflora incarnata; neuropsychiatric disorders; stress; anxiety; depression

1. Introduction

The passionflower (Passiflora incarnata L.) is a perennial plant which that can grow up to 10 m,
with egg-shaped edible fruit. The low-calorie fruit (41–53 kcal/100 g) is a rich source of vitamins A,
C, B1, and B2, as well as calcium, phosphorus, and iron. The species is native to South America,
Australia, and South East Asia, and today is cultivated to source raw material for pharmaceutical
use [1]. Passiflora incarnata is one of the best-documented species of the Passiflora genus with therapeutic
properties. The aerial parts of the plant, flowers, and fruits are used for medicinal purposes. They are
credited with anthelmintic, antispasmodic, and anxiolytic effects. The passionflower is also used as a
remedy for burns, diarrhea, painful menstruation, hemorrhoids, in neurotic disorders, insomnia, to treat
morphine dependence, and can be helpful in convulsions or neuralgia, too. Passiflora incarnata is a source
of alkaloids, phenolic compounds, flavonoid, and cyanogenic glycosides. The primary phytochemicals
found in the passionflower are flavonoids (apigenin, luteolin, quercetin, and kaempferol) and flavonoid
glycosides (vitexin, isovitexin, orientin, and isoorientin) [1,2]. The species has the highest overall
isovitexin content [3]. On 25 March 2014, the European Medicines Agency published a herbal
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monograph on Passiflora incarnata, thus recognizing its status as a medicinal product [4]. Clinical trials
found no threats to human health in relation to the use of Passiflora incarnata [5,6].

Stress is a natural response of the body. It can be induced by factors of a physical (hunger,
thirst, infection) and/or psychological (perceived threat, anxiety or concern) nature—namely stressors.
Stress has been linked to cellular inflammation. Physiologically, the body’s response to stress
causes an immediate activation of the adrenergic system and the sympathetic–adrenomedullary axis
(SAM axis), followed by the hypothalamic–pituitary–adrenal axis (HPA axis). Chronic, long-term
stress is a pathological condition, which may impair concentration and memory, as well as lead to
affective disorders, such as depression, schizophrenia, and the post-traumatic stress disorder [7].
Passiflora incarnata is one of the herbal remedies used to alleviate the effects of stress [2]. A rat study
demonstrated that long-term use of passionflower was correlated with reduced stress levels and,
consequently, increased motivation to act and improved motor activity [8]. The beneficial effects of
passionflower on memory function have also been confirmed [9]. The use of P. incarnata in people with
chronic insomnia may produce a therapeutic effect in the management of sleep disorders, memory loss,
and degenerative brain diseases. Passiflora may be helpful in the treatment of insomnia, through its
sedative action, as a result of which the person experiencing difficulty sleeping will be more likely to get
to sleep [10]. Passiflora demonstrates positive effects in episodes of anxiety, restlessness, sleeplessness,
and in depressive states [11].

The objective of this systematic review was to evaluate the efficacy of Passiflora incarnata preparations
in the treatment of neuropsychiatric disorders. The systematic review included randomized controlled
trials (RCT) which investigated the relationship between the use of Passiflora incarnata and a range of
disorders of the nervous system.

2. Materials and Methods

2.1. Search Strategy, Inclusion Criteria

At least two independent authors (K.W., J.A. and K.S.Z.) searched PubMed/MEDLINE/Embase,
from database inception until 22 October 2019, without language restrictions. Randomized clinical
trials have been found to describe the effect of the use of passion flower in neuropsychiatric disorders.
The following search string in Pub Med was used: (“passiflora” OR “passion fruit” OR “passion” OR
“passion flower”) AND (anxiety OR depression OR insomnia OR somatoform); Embase (“passiflora”/exp
OR “passiflora”) AND (“depression”/exp OR “central depression” OR “clinical depression” OR
“depression” OR “depressive disease” OR “depressive disorder” OR “depressive episode” OR
“depressive illness” OR “depressive personality disorder” OR “depressive state” OR “depressive
symptom” OR “depressive syndrome” OR “mental depression” OR “parental depression” OR
“anxiety disorder”/exp OR “anxiety disorder” OR “anxiety disorders” OR “insomnia”/exp OR
“agrypnia” OR “hyposomnia” OR “insomnia” OR “sleep initiation and maintenance disorders”
OR “sleeplessness” OR” somatoform disorder”/exp OR “somatoform disorder” OR “somatoform
disorders”), oraz ClinTrials.gov (Passiflora).

We utilized the following inclusion criteria: (i) original studies, (ii) studies with access to full
text, (iii) studies in which the treatment included any products (supplements, tinctures, extracts,
infusions, raw materials, etc.) containing Passiflora incarnata, (iv) presence of meta-analytical data
(change score/endpoint) on psychiatric symptoms in the process of each neuropsychiatric disease,
and (v) studies carried out in humans. Exclusion criteria were as follows: (i) intervention with products
containing other psychoactive substances; (ii) meta-analyses, systematic reviews, and review works.

2.2. Data Abstraction

Data for country in which the study was conducted, information about the sponsors, type of
blindness, duration of the study, and main purpose of the study, as well as the name of the
preparation used during therapy, were extracted. During data abstraction, detailed data on the
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studied population were looked for, i.e., the average age and standard deviation of studied persons,
the number and percentage of men participating in the study, and the number of people randomized
to the study. Data extraction was performed based on the guidelines contained in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol, but with no study
protocol registration. If data were missing, authors were contacted via email, to ask for additional
information. Inconsistencies were resolved by consensus, with the corresponding author being
involved. The results that were compared in the systematic review involved various scales and
tests, such as the Hamilton Rating Scale for Depression (HRSD), Visual Analogue Scale (VAS),
Numerical Rating Scale (NRS), Observers Assessment of Alertness and Sedation Scale (OAA/S),
Corah’s Dental Anxiety Scale, Revised (DAS-R), Ramsey Scale, Digit symbol substitution test (DSST),
Concentration Endurance Test, (The d2 test), Memory test, Continuous Performance Task/Test (CPT),
Trieger Dot Test (TDT), Perceptive Accuracy Test (PAT), Finger Tapping Test (FTT), and State-Trait
Anxiety Inventory (STAI-S, STAI-T). Data from charts and figures were extracted by means of
WebPlotDigitizer software (https://automeris.io/WebPlotDigitizer/) in order to detect the risk of bias,
the Cochrane Collaboration’s tool for assessing risk of bias was used.

2.3. Outcomes

The primary outcome was to evaluate the effects of a Passiflora incarnata on neuropsychiatric
symptoms, namely depressive/anxious phenotype and reactivity to stress. Co-secondary outcomes
were insomnia, somatoform and psychomotor functions, sedation, and nervous restlessness.

3. Results

3.1. Search Results

The first search in PubMed and Embase databases resulted in 417 hits. Among them, 305 studies
were excluded as duplicates and/or after evaluation at the title/abstract level. After excluding
305 studies, 112 full-text articles were eventually reviewed, 103 of which were excluded due to the
failure to meet previously established inclusion criteria. The main reasons for exclusion were as
follows: review (n = 31), intervention with multi-herbal preparations (n = 21), an article published
in a language other than Polish or English (n = 11), lack of access to full text (n = 8), intervention
with other psychoactive substances (n = 3), supplementation during pregnancy (n = 1), review of the
substance isolated from Passiflora incarnata (n = 1), lack of availability of final results (n = 1), a study in
which a comparison group was missing (n = 1), and a study that did not focus on neuropsychiatric
disorders (n = 1). Finally, nine studies were included in the systematic review. The scheme of searching
databases is included in Figure 1.

3.2. Study Characteristics

Nine studies carried out between 2017 and 2019 were included in this systematic review.
The objective of this systematic review was to evaluate Passiflora incarnata in terms of its

neuropsychiatric effects. More than half of the studies (five) were carried out in Iran, and the others in
Brazil, Turkey, Germany, and Australia. The vast majority of study participants was healthy [6,12–18].
There was only one study [19] in which the participants had a diagnosis of Generalized Anxiety
Disorder (GAD). The duration of the studies included in the analysis varied widely—from one day
up to 30 days. Predominantly, the aim of the reviewed papers (n = 4) was to assess the effects of
passionflower use on the anxiety experienced by patients during spinal anesthesia, dental procedures,
or surgery. Studies investigating the effects of P. incarnata administration on sleep quality and cognitive
functions were also included in the analysis. The majority of the analyzed studies (n = 7) were
double-blind (DB), with one cross-over study. The other trials (n = 2) were single-blind (SB), and one
(n = 1) was a cross-over study. In all the papers included in the review, the participants were no less
than 18 years old. Details of the studies included in the systematic review are presented in Table 1.
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Figure 1. Study flowchart.

3.3. Effect of Passiflora Treatments on Neuropsychiatric Parameters

The systematic review included nine studies. In each of the works, different criteria were
taken into account: the Hamilton Rating Scale for Depression (HRSD), Observers Assessment of
Alertness and Sedation Scale (OAA/S), Corah’s Dental Anxiety Scale, Revised (DAS-R), Ramsey Scale,
Digit symbol substitution test (DSST), Continuous Performance Task/Test (CPT), Trieger Dot Test
(TDT), Perceptive Accuracy Test (PAT), Finger Tapping Test (FTT), State-Trait Anxiety Inventory (STAI),
Visual Analogue Scale (VAS), memory test, and Concentration Endurance Test (d2 test). The results of
the use of the Passiflora preparations are presented in Tables 2 and 3.
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Table 1. Characteristics of studies included in the systematic review.

Reference/
Year/Country

Description of Treatment Characteristics of The Intervention and of the Study Group

Study Objective Blinding
Duration of
Administration

(Days)
ROB *

Commercial
Name of
Product

Containing
P. Incarnata

Passiflora
Dose

Comparator
n Total

Randomized/
Analyzed

Age Years
(Mean)

Males
(%)

Akhondzadeh et
al., 2001 (Iran) [12]

Comparative
efficacy of

Passiflora incarnata
extract with

oxazepam in the
treatment of

systemic anxiety
disorder

DB 28 5
Passipay

(Iran,
Darouk)

45 drops/day
Placebo +
oxazepam

(30 mg/day)
36/32 19–47 # 44.4

Aslanargun et al.,
2012 (Turkey) [13]

Effects of
preoperative oral
administration of
Passiflora incarnata

on anxiety,
psychomotor

functions,
sedation and

hemodynamics in
patients

undergoing spinal
anesthesia

DB 1 4

Passiflora
Syrup

(Sandoz,
Kocaeli,
Turkey)

700 mg/5 mL Placebo 60/60 25–55 # 86.6

Azimaraghi et al.,
2017 (Iran) [14]

The efficacy of
Passiflora incarnata

to reduce
preoperative

anxiety in
comparison to

oxazepam

DB NA 7
Passipy™

(Iran
Darouk)

500 mg
Oxazepam

(10 mg)
128/128 36.77 57.8
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Table 1. Cont.

Reference/
Year/Country

Description of Treatment Characteristics of The Intervention and of the Study Group

Study Objective Blinding
Duration of
Administration

(Days)
ROB *

Commercial
Name of
Product

Containing
P. Incarnata

Passiflora
Dose

Comparator
n Total

Randomized/
Analyzed

Age Years
(Mean)

Males
(%)

Dantas et al., 2017
(Brazil) [15]

The influence of
Passiflora incarnata

and midazolam
on the control of

anxiety in patients
exposed to the

extraction of the
third mandibular

molar tooth

DB, CO 15-30 7
Passiflora
incarnata

260 mg
Midazolam

(15 mg)
40/40 23.94 32.5

Dimpfel et al.,
2011

(Germany) [16]

Explanation of the
effectiveness of

the preparation by
analysis of current
density (CFD) of
brain activity in
the presence of
various mental

challenges

SB, CO 1 4 NEURAPAS®
192 mg of P.

incarnata
extract

Placebo 16/16 47.85 50

Kaviani et al.,
2013 (Iran) [17]

Determining the
effectiveness of
passion flower
application in

reducing anxiety
during dental

procedures

SB 2 4
Passipay

(Iran,
Darouk)

40 drops/day Placebo 63/63 34.07 38.1
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Table 1. Cont.

Reference/
Year/Country

Description of Treatment Characteristics of The Intervention and of the Study Group

Study Objective Blinding
Duration of
Administration

(Days)
ROB *

Commercial
Name of
Product

Containing
P. Incarnata

Passiflora
Dose

Comparator
n Total

Randomized/
Analyzed

Age Years
(Mean)

Males
(%)

Kaviani et al.,
2013 (Iran) [17]

Determining the
effectiveness of
passion flower
application in

reducing anxiety
during dental

procedures

SB 2 4
Passipay

(Iran,
Darouk)

40 drops/day
Negative

group
63/63 34.07 38.1

Movafegh et al.,
2008 (Iran) [6]

Effectiveness of
Passiflora in

reducing
preoperative

anxiety

DB 1 7
Passipy™

(Iran
Darouk)

500 mg Placebo 60/60 31.85 50

Ngan and
Conduit, 2011

(Australia) [18]

To test the
effectiveness of

the Passiflora
infusion on

human sleep,
measured by

means of sleep
logs approved by
polysomnography

DB 22 6

Tea bags
(Hilde

Hemmes’
HerbalSupplies
Pty Ltd.; SA,
Australia)

infusion (2 g
in 250 mL

water;
concentration

0.8%)

Placebo 41/41 22.73 34.1
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Table 1. Cont.

Reference/
Year/Country

Description of Treatment Characteristics of The Intervention and of the Study Group

Study Objective Blinding
Duration of
Administration

(Days)
ROB *

Commercial
Name of
Product

Containing
P. Incarnata

Passiflora
Dose

Comparator
n Total

Randomized/
Analyzed

Age Years
(Mean)

Males
(%)

Rokhtabnak et al.,
2017 (Iran) [19]

Effects of Passiflora
incarnata and
melatonin on

cognitive
functions and
sedative effect

without causing
cognitive

disturbance

DB 1 7
Passiflora
incarnata

1000 mg
(prepared

and packed
by

Department
of Pharmacy,

Shahid
Beheshti

University
of Medical
Sciences,

Iran)

Melatonin
(6 mg)

64/52 20–60 # 44.2

Notes: #—range; *—the risk of bias (ROB), shown in numbers; DB—double blind; SB—single blind; CO—cross-over; NA—not available.
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Table 2. Results of the systematic review.

Reference/Year/Country Comparator
Control Group Tested Group

Conclusions
Baseline Data Endpoint Data Baseline Data Endpoint Data

Akhondzadeh et al., 2001
(Iran) [12]

Placebo +
oxazepam

(30 mg/day)

Hamilton scale:
19.74 ± 0.83

Hamilton scale:
5.1 ± 1.28

Hamilton scale:
19.74 ± 0.83

Hamilton scale:
5.5 ± 0.75

Passiflora extract is effective
in the treatment of systemic
anxiety; additionally, there is

a low incidence of
impairment of work

efficiency with Passiflora
extract, as compared to

oxazepam. There is a need
for further research on the

use of Passiflora in the
treatment of systemic anxiety.

Aslanargun et al., 2012
(Turkey) [13]

Placebo

STAI-S: 34.8 ± 8.4;
STAI-T: 35.3 ± 8.3;
PAT: 95.2 ± 16.4;
FTT: 72.3 ± 14.1;

OAA/S: 5 ± 0;
NRS: 6.6 ± 1;

TDTmm: 0.8 ± 0.2;
TDTnr: 0.9 ± 0.7;
DSST: 30.8 ± 5;

STAI-S: 36.6 ± 7.6;
STAI-T: 38.1 ± 9.2;

PAT: 99.1 ± 1.4;
FTT: 72.3 ± 13.1;
OAA/S: 5 ± 0.15;
NRS: 6.1 ± 1.3;

TDTmm:1.1 ± 0.3;
TDTnr: 1.2 ± 1;
DSST: 29.1± 4.8;

STAI-S: 36.4 ± 10.9;
STAI-T: 32.5 ± 9.5;

PAT: 98.0 ± 2.6;
FTT:67.4 ± 18.9;
OAA/S: 5 ± 0;
NRS:7.6 ± 0.9;

TDTmm: 0.9 ± 0.2;
TDTnr: 0.8 ± 0.8;
DSST: 31.1 ± 5.1;

STAI-S: 35.7 ± 10.8;
STAI-T: 33.4 ± 8.7;

PAT: 99.1 ± 1.7;
FTT: 67.6 ± 19.8;
OAA/S: 5 ± 0.15;
NRS: 4.4 ± 1.2;

TDTmm: 1.2 ± 0.4;
TDTnr: 1 ± 0.9;
DSST: 28.6 ± 5;

Preoperative oral
administration of 700 mg/5

mL of Passiflora water extract
reduces the level of anxiety in

patients before spinal
anesthesia without changing

their sedation level,
psychomotor function test
results, or hemodynamics.

Azimaraghi et al., 2017
(Iran) [14]

Oxazepam (10 mg)

NRS: 6.6 ± 1;
TDTmm: 0.8 ± 0.2;
TDTnr: 0.9 ± 0.7;
DSST: 30.8 ± 5;

NRS: 6.1 ± 1.3;
TDTmm: 1.1 ± 0.3;

TDTnr: 1.2 ± 1;
DSST: 29.1 ± 4.8;

NRS: 7.6 ± 0.9;
TDTmm: 0.9 ± 0.2;
TDTnr: 0.8 ± 0.8;
DSST: 31.1 ± 5.1;

NRS: 4.4 ± 1.2;
TDTmm: 1.2 ± 0.4;

TDTnr: 1 ± 0.9;
DSST: 28.6 ± 5;

In outpatient surgery, oral
administration of Passiflora as

a premedication reduces
preoperative anxiety with
comparable dysfunction of
psychomotor functions, as
compared to preoperative
oral intake of oxazepam.
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Table 2. Cont.

Reference/Year/Country Comparator
Control Group Tested Group

Conclusions
Baseline Data Endpoint Data Baseline Data Endpoint Data

Dimpfel et al., 2011
(Germany) [16]

Midazolam (15 mg)

d2 test: 12.32 ± 4.02;
memory test:
10.77 ± 3.98;

ccCPT: 6.57 ± 6.17;

d2 test: 13.59 ± 3.77;
memory test:
11.51 ± 3.74;

CPT: 6.87 ± 7.3;

d2 test: 12.14 ± 3.06;
memory test:
11.37 ± 3.64;

CPT: 5.59 ± 5.85;

d2 test: 13.53 ± 3.13;
memory test:
11.95 ± 3.65;

CPT: 7.86 ± 5.76;

Analysis of
neurophysiological changes
after NEURAPAS® intake

showed similarity of changes
compared to sedatives and

antidepressants, in EEG,
without cognitive

function impairment.

Kaviani et al., 2013
(Iran) [17]

Placebo
Corah DAS-R:

12 ± 2.66;
Corah DAS-R:
10.52 ± 2.11;

Corah DAS-R:
13.09 ± 2.42;

Corah DAS-R:
8.47 ± 2.08;

The serving of the passion
flower as a premeditation is
effective in reducing anxiety.

Further trials with more
people are needed to confirm

the results.
Placebo

Corah DAS-R:
11.66 ± 2.39

Corah DAS-R:
11.23 ± 2.34

Corah DAS-R:
13.09 ± 2.42;

Corah DAS-R:
8.47 ± 2.08;

Movafegh et al., 2008
(Iran) [6]

Negative group

NRS: 5.1 ± 2;
TDTmm: 0.6 ± 1;
TDTnr: 0.8 ± 0.9;
DSST: 24.3 ± 6.2;

NRS: 3.88 ± 0.81;
TDTmm: 0.6 ± 0.3;
TDTnr: 0.9 ± 0.8;
DSST: 21.5 ± 7.1;

NRS: 4.6 ± 1.7;
TDTmm: 0.7 ± 1.1;
TDTnr: 0.7 ± 0.62;
DSST: 23.6 ± 7.2;

NRS: 0.97 ± 0.72;
TDTmm: 0.7 ± 0.2;

TDTnr: 8 ± 0.5;
DSST: 22.4 ± 6.5;

In outpatient surgery, oral
administration of Passiflora as

premeditation reduces
anxiety without sedation.

Ngan and Conduit, 2011
(Australia) [18]

Placebo NA NA NA NA

Consumption of a small dose
of Passiflora infusion brings

short-term subjective benefits
to healthy adults with mild
fluctuations in sleep quality.

Rokhtabnak et al., 2017
(Iran) [19]

Placebo

DSST: 30.67 ± nd;
Ramsy scale:

1.81 ± nd;
VAS: 26.5 ± nd;

DSST: 27.5 ± nd;
Ramsey scale:

1.95 ± nd;
VAS: 26.5 ± nd;

DSST: 22.33 ± nd;
Ramsey scale:

1.85 ± nd;
VAS: 26.5 ± nd;

DSST: 25.5 ± nd;
Ramsey scale:

1.95 ± nd;
VAS: 26.5 ± nd;

Passiflora premedication
reduces anxiety, as does

melatonin, but melatonin
causes less cognitive
disorders compared

to Passiflora.

VAS (Visual Analogue Scale), NRS (Numerical Rating Scale), OAA/S (Observers Assessment of Alertness and Sedation Scale), DAS-R (Corah’s Dental Anxiety Scale, Revised),
DSST (Digit Symbol Substitution Test), CPT (Continuous Performance Task/Test), TDT (Trieger Dot Test), PAT (Perceptive Accuracy Test), FTT (Finger Tapping Test), STAI (State-Trait
Anxiety Inventory), NA—not available, nd—no data
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Table 3. Results of the systematic review. The following table refers to the results of the cross-review [15].

What Did You Feel
during the Surgery?

Protocol 1 (Midazolam) Protocol 2 (Passiflora) Results

Midazolam (1) Passiflora (2) Passiflora (2) Midazolam (1)
Passiflora showed an

anti-anxiety effect similar
to midazolam; it was safe
and effective in the case of

conscious sedation in
adult patients having their
third mandibular molar

tooth extracted

Calm 5 (33.3%) 17 (68%) 13 (52%) 3 (20%)

Slight anxiety 6 (40%) 7 (28%) 10 (40%) 8 (55.3%)

Serious anxiety or fear 3 (20%) 1 (4%) 2 (8%) 3 (20%)

Bad feeling caused
by anxiety

1 (6.7%) 0 0 1 (6.7%)

Total 15 25 25 15
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The Hamilton Depression (HAM-D) Scale is a numerical scale consisting of 21 points (or 17
points in some cases). It is a tool used in general psychiatry, to assess the diagnosis of depression
and to clinically evaluate the use of antidepressants. The HAM-D score level of depression is as
follows: 10–13, mild; 14–17, mild to moderate; and >17, moderate to severe [20]. The numerical and
analog-visual scales belong to pain scales with scores ranging from 0 to 10, with score 0 reflecting no
pain and 10 the strongest imaginable pain. The four-stage OAA/S scale is a useful tool in assessing the
awareness of patients who have received midazolam. The scale has been used for sedation-related
drugs, to assess a person’s level of sedation, since the 1990s [21]. The Corah Dental Anxiety Scale has
been used since the 1970s [22]. It consists of four items (questions) on dental anxiety. Each answer
is scored from 1 to 5. A total of 20 points can be obtained, with a score above 15 suggesting the
presence of a dental phobia [23]. The Corah scale is another Dental Anxiety Scale which can be used in
children [24]. The Ramsey scale is one of the most widely used scales to assess the level of sedation.
Scores are recorded from 0 to 6, with 0 being conscious and 6 being deeply coma [25]. The DSST
test is primarily used in clinical neuropsychology. Initially, it helped scientists to understand how a
person learns. Currently, it is used in the assessment of cognitive disorders, such as schizophrenia
and major depression [26]. The concentration strength test concerns the diagnosis in the context of
concentration, as well as the perception and possible correction of errors [27]. The memory test mainly
focuses on visual memory. It informs about possible alterations within the central nervous system,
and it can also be used to assess the attention/concentration disorders. The continuous exercise test is a
neuropsychological test that is used in the diagnosis of ADHD and epilepsy, as well as in patients with
brain damage. It focuses mainly on the patient’s constant attention, while allowing us to measure the
degree of impulsiveness during the test. It helps to collect quantitative data about the patient [28,29].
Measurement of perceptual-motor skills is performed by using the Trieger point tests (e.g., TDT) or the
exact perception tests (e.g., PAT) [30,31]. TDT is also a useful tool for assessing the level of anesthesia
and recovery [32]. The finger tapping test is one of the standard neuropsychological assessments that
examines motor functioning, specifically, motor speed and lateralized coordination. The inventory of
the state and trait of anxiety allows the assessment of the severity of anxiety and its characteristics [33].

3.4. Risk of Bias Assessment

The bias analysis showed that the three studies were of low quality and received less than 5 points
in the risk of bias (ROB) evaluation [13,16,17]. In the last six [6,12,14,15,18,19], the number of points
was higher than 5. The average number of points in all studies is 5.66 The results of the bias risk
analysis are presented in Table 4.
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Table 4. Risk of bias (ROB).

Reference/Country
Publication

Year

Random
Generation
of The Error

Sequence
(Selection

Error)

Hiding the
Allocation
(Selection
Variation)

Blinding of
Participants

and Staff
(Biased

Evaluation)

Performance
Evaluation
Blindness
(Detection

Error)

Incomplete
Result Data

Selective
Reporting
(Reporting

Error)

Other
Biases

Number of
Indications
with Low

Risk of Bias

Akhondzadeh et al.
(Iran) [12]

2001 L ? L ? L L L 5

Aslanargun et al.
(Turkey) [13]

2012 ? ? L ? L L L 4

Azimaraghi et al.
(Iran) [14]

2017 L L L L L L L 7

Dantas et al.
(Brazil) [15]

2017 L L L L L L L 7

Dimpfel et al.
(Germany) [16]

2011 L ? ? ? L L L 4

Kaviani et al.
(Iran) [17]

2013 L ? H ? L L L 4

Movafegh et al.
(Iran) [6]

2008 L L L L L L L 7

Ngan and Conduit
(Australia) [18]

2011 ? L L L L L L 6

Rokhtabnaket al.
(Iran) [19]

2017 L L L L L L L 7

L—low risk of bias; H—high risk of bias; ?—unclear risk of bias.
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4. Discussion

Neuropsychiatric disorders, such as schizophrenia, bipolar affective disorder, major depressive
disorder, and attention-deficit hyperactivity disorder, are a common and, regrettably, increasingly
prevalent problem. Around the world, depression affects some 322 million people, while 264 million
live with anxiety [34]. Mild dysfunctions of the nervous system can be treated with psychotherapy,
but more severe disorders require pharmacological treatment alongside therapy [35]. In the past
year, the academic interest in these disorders has been growing due to the COVID-19 pandemic and
the related upsurge in anxiety and depression [36]. Pharmacotherapy is effective, but, at the same
time, it carries the risk of side effects and dependence [37]. Hence, the search for herbal remedies for
neuropsychiatric disorders continues to go on [38]. Passiflora incarnata is a perennial plant containing
precious phytochemicals with health-promoting properties. The most important among them would
appear to be chrysin, due to its neuroprotective effects [39]. The systematic review method used in this
study made it possible to assess the efficacy of passionflower with respect to neurological disorders,
by synthesizing the results of nine clinical trials included herein. This is the first systematic review
evaluating the effects of Passiflora incarnata in neuropsychiatric disorders.

Nine clinical trials were included in this paper. The reviewed studies analyzed the effects of
passionflower preparations on anxiety levels experienced by patients during medical interventions,
including spinal anesthesia, dental procedures, or surgery, as well as on sleep quality and cognitive
functions. In eight papers, the study subjects were healthy, and, in one, P. incarnata was given to
patients with a diagnosis of Generalized Anxiety Disorder (GAD). Various commercial products
containing passionflower preparations were administered in the analyzed trials, including drops,
tablets, and syrup. Detailed information, including the type of preparation and dosage, is presented in
Table 1.

Akhondzadeh et al. [12], in their study of people with Generalized Anxiety Disorder (GAD),
compared the effects of passionflower extract with oxazepam over a period of 28 days. To this end,
they used the Hamilton Rating Scale for Depression. Study participants receiving either passionflower
extract (45 drops/day) or oxazepam were evaluated each day, prior to, during, and after taking the
relevant substance (Table 2). The authors demonstrated that there were no significant differences
between taking passionflower vs. oxazepam, and the former did not cause an impairment of job
performance in the subjects. A follow-up large-scale trial was recommended.

Aslanargun et al. [13] investigated the effects of administering passionflower syrup (700 mg/5 mL,
30 min before anesthesia) on anxiety, psychomotor function, sedation, and hemodynamics in patients
before spinal anesthesia. The effects of passionflower were examined in awake patients after surgery
(Table 2). The authors demonstrated that P. incarnata significantly contributed to reducing preoperative
anxiety. Even though it was reported that psychomotor functions were impaired 30 min after
extubation, the preoperative values were restored by 90 min. Side effects, including cutaneous
vasculitis, urticaria, asthma, or rhinitis, were not observed. Hemodynamic parameters did not change
after the administration of Passiflora, as compared to the placebo. Additional advantages included the
lack of intraoperative sedation and respiratory depression. According to the authors, P. incarnata is a
safe and effective anxiolytic which can be used before spinal anesthesia.

The objective of the study by Azimaraghi et al. [14] was to compare the efficacy of passionflower and
oxazepam in reducing patients’ preoperative anxiety. The authors demonstrated that patients who were
given Passiflora tablets (500 mg for premedication) had lower preoperative anxiety levels, as compared
to the group receiving oxazepam, and the effects of both medications on postoperative psychomotor
function were similar. Recovery time was, likewise, comparable in both groups (Table 2). The authors
suggest that Passiflora incarnata is safe and definitely more effective for reducing preoperative anxiety in
comparison to oxazepam. They also point out that it can be included in the treatment of preoperative
anxiety in children and adolescents.

To compare the anxiolytic action of Passiflora incarnata with that of midazolam, Dantas et al. [15]
employed an experimental model involving bilateral extraction of the mandibular third molars.

64



Nutrients 2020, 12, 3894

The participants received 15 mg of midazolam (one pill) or 260 mg of Passiflora incarnata (one pill)
administered orally 30 min before the start of the surgical procedure. In a cross-over design, participants
were randomly assigned an extraction side (right or left) and a protocol (midazolam or Passiflora) at the
first procedure. The researcher delivered the drugs to the participants, in encoded form, as “Protocol 1”
(midazolam) or “Protocol 2” (Passiflora). The patients were asked to specify whether they felt calm,
a little anxious, very anxious, or so anxious that they felt bad. Detailed results are presented in Table 3.
Higher levels of anxiety were observed in women than in men. The anxiolytic action of both substances
used in the study was similar. Among the participants in the midazolam group, 20% reported they
did not remember anything, while none of the patients receiving passionflower reported such an
experience. In terms of adverse effects, somnolence was reported by 82.5% of the participants who
received midazolam, and 50% in the Passiflora group. When given the choice, 52% of the participants
would opt for surgery with midazolam, and 27.5% for the P. incarnata treatment, while the remainder
found no difference between these interventions. The authors suggest that the higher preference for
midazolam among the participants was related to the effect of amnesia, which prevented the formation
of negative memories.

Dimpfel et al. [16] evaluated the effects of NEURAPAS® (192 mg of P. incarnata extract) on
brain electric activity. Electroencephalogram (EEG) recordings were made at 30 min and 1.5, 3,
and 4 h after administering the preparation. EEG tests were performed during the Concentration
Endurance Test, memory test, and Continuous Performance Task/Test. Results are presented in Table 2.
No differences were observed in the analyzed psychometric parameters between NEURAPAS® vs.
placebo. Sixteen participants receiving NEURAPAS® obtained higher values in the Continuous
Performance Task/Test. The analysis of neurophysiological alterations after taking NEURAPAS®

revealed frequency changes in EEG that were similar to those of sedative and antidepressant medications,
without impairing cognitive function.

The objective of the study by Kaviani et al. [17] was to evaluate the effects of the passionflower
extract on anxiety levels in psychiatrically healthy patients undergoing dental treatment. No differences
were observed in mean anxiety scores before taking the medication (Table 2). The authors emphasize
their important finding of very effective anxiety-reducing action of the passionflower. They also
acknowledge the need for further research on P. incarnata.

Movafegh et al. [6] investigated the effects of passionflower (500 mg) on anxiety in surgery patients.
The results of their tests are presented in Table 2. The authors conclude that P. incarnata at 500 mg/day
provides a safe and effective anxiolytic effect, without impairing psychomotor function. At the same
time, they strongly stress that their sample was too small (n = 60) and urge that research should be
continued with a larger group.

Ngan and Conduit [18] analyzed the effects of Passiflora incarnata herbal tea on sleep quality over
a period of seven days, as measured by using sleep diaries and polysomnography. The participants
drank 250 mL of the herbal tea once a day, in the evening (to avoid the sedative effect during the day),
and the measurements were performed in the morning, upon rising. The State-Trait Anxiety Inventory
(STAI-S) was used to evaluate the efficacy of passionflower infusions, but the results were not included
in the report from the study. An attempt was made to contact the authors to obtain their results, but
there was no answer. In terms of subjective sleep-quality parameters, a significant improvement of the
reported sleep quality (SQ) was observed in the Passiflora treatment, with a mean increase of 5.2%,
compared to the placebo. The authors highlight that passionflower may have a limited impact on
sleep quality in people with low anxiety levels. Their findings may also have been affected by the long
interval between drinking the herbal tea and the measurement of anxiety.

The objective of the study by Rokhtabnak et al. [19] was to compare the effects of premedication
with melatonin vs. Passiflora incarnata on the cognitive function in adult patients undergoing elective
surgery. No significant differences in pain scores were observed between the groups, either before or
after surgery. The Digital Symbol Substitution Test revealed better postoperative results for melatonin
than Passiflora. Both groups showed reduced anxiety and increased sedation scores in the Ramsey test.
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Detailed results are presented in Table 2. The authors report positive effects of both interventions on
reducing patient anxiety.

Passiflora incarnata is important in herbal medicine for treating anxiety or nervousness,
Generalized Anxiety Disorder (GAD), symptoms of opiate withdrawal, insomnia, neuralgia, convulsion,
spasmodic asthma, ADHD, palpitations, cardiac rhythm abnormalities, hypertension, sexual dysfunction,
and menopause. However, the mechanism of action is still under discussion. Despite gaps in our
understanding of neurophysiological processes, it is increasingly being recognized that dysfunction of
the GABA system is implicated in many neuropsychiatric conditions, including anxiety and depressive
disorders. Therefore, the in vitro effects of a dry extract of P. incarnata on the GABA system were investigated.
The extract inhibited [3H]-GABA uptake into rat cortical synaptosomes but had no effect on GABA release
and GABA transaminase activity. P. incarnata inhibited concentration dependently on the binding of
[3H]-SR95531 to GABAA-receptors and of [3H]-CGP 54626 to GABAB-receptors. Using the [35S]-GTPγS
binding assay, Passiflora could be classified as an antagonist of the GABAB receptor. In contrast, the ethanol-
and the benzodiazepine-site of the GABAA-receptor were not affected by this extract. In conclusion,
the first evidence was shown that numerous pharmacological effects of P. incarnata are mediated via
modulation of the GABA system, including affinity to GABAA and GABAB receptors, and effects on
GABA uptake [40]. Aman et al. carried out research on mice which indicated that P. incarnata may be useful
in treating neuropathic pain. The authors suggested that these properties may result from underlying
opioid and GABA-ergic mechanisms, but also pointed to the potential involvement of oleamid-based
cannabimimetics [41]. The mechanism of action cannot, at present, be regarded as clarified; however,
more recent studies imply that the anxiolytic effects may be mediated via modulation of the GABA
system [42–44]

This systematic review has some limitations. First, there are few studies on the effects of Passiflora

incarnata in neuropsychiatric disorders. Taking into account the inclusion and exclusion criteria,
only nine works were qualified for the present synthesis. Secondly, almost all authors postulate to
continue research in large-scale populations. In the analyzed publications, the study groups ranged
from only 16 to 128 persons. Moreover, it has been proposed to include populations of different
ethnicities in continuing the research. Due to the high heterogeneity, it was impossible to perform a
meta-analysis, which further suggests that research in this area should be continued.

Another limitation may be the lack of information on which part of the plant was used in the
research. Traditional medicine uses the leaves, stamps, seeds, and flowers (aerial parts) of P. incarnate [4].
Unfortunately, the authors usually do not specify in their publications what part of the plant was
used by them. Ngan and Conduit [18] indicated that they used leaves, stamps, seeds, and flowers.
Perhaps all the others also used all the aboveground parts as a mixture. It seems advisable, therefore,
for the authors to indicate what part of the plant they used in their research, as this may be relevant for
the interpretation of the results and discussion.

In conclusion, the authors of the works included in this systematic review all agree that
Passiflora incarnata may be an effective, cheap, and safe drug used in counteracting at least some of the
symptoms of neuropsychiatric origin. At the same time, they indicate the advisability of continuing
research on a large population of people from various geographical regions.

5. Conclusions

Passionflower has the potential to alleviate some symptoms of neuropsychiatric origin. No adverse
effects, including memory loss or collapse of psychometric functions, have been linked to passionflower
administration. The anti-anxiety effect of Passiflora incarnata is comparable to drugs such as oxazepam
or midazolam. Consequently, it seems to be an effective and safe pharmaceutical to reduce stress
reactivity, insomnia, anxiety, and depression-like behaviors.
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8. Jawna-Zboińska, K.; Blecharz-Klin, K.; Joniec-Maciejak, I.; Wawer, A.; Pyrzanowska, J.; Piechal, A.;

Mirowska-Guzel, D.; Widy-Tyszkiewicz, E. Passiflora Incarnata L. Improves Spatial Memory, Reduces

Stress, and Affects Neurotransmission in Rats. Phytother. Res. 2016, 30, 781–789. [CrossRef]

9. Kim, G.-H.; Lim, K.; Yang, H.S.; Lee, J.-K.; Kim, Y.; Park, S.-K.; Kim, S.-H.; Park, S.; Kim, T.-H.; Moon, J.-S.;

et al. Improvement in neurogenesis and memory function by administration of Passiflora Incarnata L. extract

applied to sleep disorder in rodent models. J. Chem. Neuroanat. 2019, 98, 27–40. [CrossRef]

10. Miroddi, M.; Calapai, G.; Navarra, M.; Minciullo, P.L.; Gangemi, S. Passiflora Incarnata L.: Ethnopharmacology,

clinical application, safety and evaluation of clinical trials. J. Ethnopharmacol. 2013, 150, 791–804. [CrossRef]

11. Kim, M.; Lim, H.-S.; Lee, H.-H.; Kim, T.-H. Role Identification of Passiflora Incarnata Linnaeus: A Mini Review.

J. Menopausal. Med. 2017, 23, 156–159. [CrossRef]
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Abstract: Functional foods enriched with plant polyphenols and anthocyanins in particular attract
special attention due to multiple beneficial bioactive properties of the latter. We evaluated the effects
of a grain diet rich in anthocyanins in a mouse model of Alzheimer’s disease induced by amyloid-beta
(Aβ) and a transgenic mouse model of Parkinson’s disease (PD) with overexpression of human
alpha-synuclein. The mice were kept at a diet that consisted of the wheat grain of near isogenic
lines differing in anthocyanin content for five–six months. The anthocyanin-rich diet was safe and
possessed positive effects on cognitive function. Anthocyanins prevented deficits in working memory
induced by Aβ or a long-term grain mono-diet; they partially reversed episodic memory alterations.
Both types of grain diets prolonged memory extinction and rescued its facilitation in the PD model.
The dynamics of the extinction in the group fed with the anthocyanin-rich wheat was closer to that in
a group of wild-type mice given standard chow. The anthocyanin-rich diet reduced alpha-synuclein
accumulation and modulated microglial response in the brain of the transgenic mice including the
elevated expression of arginase1 that marks M2 microglia. Thus, anthocyanin-rich wheat is suggested
as a promising source of functional nutrition at the early stages of neurodegenerative disorders.

Keywords: bioflavonoids; functional food; neurodegeneration; cognitive; T-maze; Barnes test;
passive avoidance; animal models; alpha-synuclein; neuroinflammation

1. Introduction

Due to global population aging, dementia caused by neurodegeneration has received increasing
attention. Dementia is among the priority health problems of the World Health Organization (WHO)
Mental Health Gap Program (mhGAP). The WHO estimates that there are currently 35.6 million
people with dementia all over the world. Cognitive impairment (dementia) in the elderly leads to
their disability and requires large financial and moral costs in caring for this category of patients from
relatives and medical personnel, thus bringing considerable damage and suffering to individuals
and the whole society. The most common cause of dementia at old age is Alzheimer’s disease (AD)
(60–70% of all cases). Parkinson’s disease (PD) is the second most common neurodegenerative disorder.
Similar to AD, the main risk factor for the development of PD is aging. It should be noted that the
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classical notion of PD as a motor disorder has changed significantly over the past few years. According
to the latest publications, practically all patients suffering from PD have cognitive impairments with
the progression of the disease, while in many patients mild deficits are detected even a few years before
the manifestation of motor symptoms [1,2].

To date, there are no approved methods or drugs for the effective treatment of neurodegenerative
disorders. The current methods for AD and PD treatment are symptomatic (e.g., AChEI for AD
or dopaminergic substitution (L-DOPA) for PD), they do not halt the progression of the disease,
nor ameliorate cognitive deficits [3,4]. Hence, major efforts are aimed at the discovery of a
novel, effective pathogenesis-relevant therapy. Neurodegenerative disorders have a multifactorial
etiology and involve various pathological processes in addition to neurotoxicity of protein aggregates
(e.g., oxidative stress, neuroinflammatory response, disturbed neurotrophic function and neurogenesis,
synaptic and neurotransmission dysfunction, ion disbalance, etc.) that often closely interact and overlap.
Multipurpose or multi-target therapy aimed at various important pathogenetic hubs in the course of
AD and PD is regarded currently as a relevant and promising approach [5]. Another important point is
choosing the appropriate treatment approaches according to the stage of a disease. Since pathological
perturbations of the cellular proteostasis network responsible for the maintenance of protein homeostasis
with the accumulation of neurotoxic protein aggregates precedes the initial signs of cognitive impairment
and clinical manifestation in patients with AD or PD by at least 10–20 years, a preventive long-term
intervention at the asymptomatic preclinical and early stages of the disease progression is considered
the most prospective [6].

Currently, functional nutrition has developed intensively. Functional foods enriched with
biologically active substances are an essential part of dietary therapy. Plant polyphenols attract
particular attention as components of functional nutrition due to their multiple beneficial properties.
One of the promising classes of compounds that can be included in the diet for long courses and
contribute to the prevention and reduction of risk of chronic diseases is anthocyanins [7]. They are
water-soluble plant pigments belonging to a group of polyphenolic compounds flavonoids, naturally
occurring in fruits, vegetables, and cereal grains [8]. Both human and animal studies have shown
that anthocyanins and, concomitant to them, phenolic phytochemicals have wide biological activities
ranging from cytoprotective, antimicrobial, and antitumor effects to anti-obesity and cardio- and
neuroprotective potential [9–11]. The health-promoting effects of the flavonoids are based on their
ability to interact with cells proteins like receptors, kinases, or transcription factors and modulate
signaling pathways, and their antioxidant properties [11,12]. It should be noted that no cases of
overdose or toxicity have been identified with the consumption of foods rich in anthocyanins [13].
Currently, due to the potential benefits of anthocyanins for human health, there is a strong tendency
to increase anthocyanin content in agricultural plants including cereal grains. The latter has gained
especial attention because of widespread consumption of grains and their availability throughout the
year [14,15]. However, the information on the health-promoting effects of cereal anthocyanins including
their role in protection against neurodegenerative diseases, especially in vivo, is very scant [15].

This study aimed to evaluate the effects of a grain diet rich in anthocyanins in a mouse model
of AD induced by central amyloid-beta administration and a transgenic model of PD in mice with
overexpression of human alpha-synuclein. We used two wheat lines that have similar genomes
with the exception of a small part of chromosome 2A, which contains a gene regulating anthocyanin
biosynthesis [16]. Wheat near isogenic lines differing in grain anthocyanin content applied in the
current study allowed establishing the role of the Pp3 gene that marks the line with anthocyanin-rich
grains in protection against neurodegenerative disorders and evaluated the potential of the gene in
breeding of wheat cultivars with high anthocyanin content intended for dietary nutrition.
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2. Materials and Methods

2.1. Experimental Animals and Procedures Involving Animals

Experiments were performed using male mice of: (1) C57Bl/6J strain born and reared at SPF
(Specified Pathogen Free) conditions that were purchased from the SPF-vivarium of the Institute of
Cytology and Genetics SB RAS (Novosibirsk, Russia); and (2) B6.Cg-Tg(Prnp-SNCA*A53T)23Mkle/J)
strain and control wild-type strain that were purchased from the SPF-vivarium of the Institute of
Cytology and Genetics SB RAS (Novosibirsk, Russia). Transgenic hemizygous mice were produced by
the insertion of human A53T missense mutant form of alpha-synuclein cDNA in the mouse genome
downstream of a mouse prion Prnp promoter (https://www.jax.org/strain/006823). Wild-type controls
are the littermates of the transgenic mice, transgene noncarriers.

Animals were housed in groups of five–six per cage (40 × 25 × 15 cm) under standard conditions
(light–dark cycle: 14 h light and 10 h dark (lights off at 3 p.m.); temperature: 18–22 ◦C; relative humidity:
50–60%). All the experimental procedures were carried out in accordance with the guidelines of the
NIH Guide for the Care and Use of Laboratory Animals and were approved by the Institutional Animal
Care and Use Committee of the Federal State Budgetary Scientific Institution “Scientific Research
Institute of Neurosciences and Medicine” (SRINM; formerly “Scientific Research Institute of Physiology
and Basic Medicine”) (Novosibirsk, Russia). Every effort was made to minimize the number of animals
used and their suffering.

2.1.1. Experimental Design and Treatment (Diets)

Mus musculus is by nature an omnivore but has evolved and adapted to be a primary consumer of
a wide range of seeds. Its wild/feral populations can adapt to agricultural landscapes, especially those
involving annual cereal production. They are common pests in granaries. Hence, a grain diet is a natural
food for mice. Moreover, under conditions of free choice, mice preferred the soft white wheat over
laboratory pellets by about 4 to 1 [17]. However, wheat contains less protein and fewer calories [18] than
the balanced laboratory chow. Prolonged treatment with only grain per se might result in nutritional
deficit and behavioral changes. Hence, the effects of the wheat grain with high content of anthocyanins
were compared both with those of standard chow and control wheat grain of near isogenic line.

In each experiment, mice were subdivided into three groups and prescribed one of the following
diets. The mice of “St. diet” groups received a standard granulated chow for laboratory mice
(Ssniff R/M-H V1534-300, Soest, Germany) and pure water (Rosinka, Novosibirsk, Russia) ad libitum.
The mice of “CGr” and “Gr_HCA” groups were subjected to a mono-diet which consisted of wheat grain
of isogenic lines (i:S29Pp-A1Pp-D1pp3P (Control Grain, CG) or i:S29Pp-A1Pp-D1Pp3P (grain with high
content of anthocyanins, Gr_HCA), respectively) and pure water ad libitum. i:S29Pp-A1Pp-D1Pp3P line
(Gr_HCA) marked by a dominant allele of the Pp3 gene accumulates anthocyanins in a grain pericarp,
whereas isogenic i:S29Pp-A1Pp-D1pp3P line (CGr) characterized by a recessive allele of the Pp3 gene does
not; the lines were developed at the Institute of Cytology and Genetics SB RAS (Novosibirsk, Russia) [16].
The content of anthocyanins in the Gr_HCA was 140 mM/g. The remaining elemental composition and
amino acid content in whole wheat flour obtained from the wheat lines were similar [19]. It should
be noted that food intake was significantly affected by grain diet (F(2, 3) = 25.1, p < 0.05). In C57Bl/6J
mice, food intake per mouse during the six-month-long feeding period was substantially reduced in
mice given control grain (503.7 ± 6.5 g) or grain with high content of anthocyanins (507.8 ± 33.4 g) in
comparison with mice fed with standard chow and given water (705.6 ± 20.8 g, p < 0.01). Mice given
different types of grain did not vary significantly in the parameter (p > 0.05).

To evaluate the general effects and tolerance of a grain diet, we fed the mice of the C57Bl/6J strain
with grain or standard chow since the age of one month (early after weaning) up to the age of eight
months (n = 16–20 animals in each group). Body weight gain and food intake were registered. After six
months of treatment, blood samples for further biochemical assay were collected from five randomly
selected animals of each group. Mice of the C57Bl/6J strain born and reared in SPF conditions bore
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both types of grain diet well up to six months of feeding. However, prolonged grain diet (up to eight
months of feeding) caused death of 40% of mice while all mice fed with standard chow were alive.
Average life expectancy at grain mono-diet of those dead mice was 8.5 months (252.3 ± 18.8 days
in a group given control grain and 266.3 ± 13.3 days in a group given grain with high content of
anthocyanins). Thus, we limited the duration of the experiments by six months of feeding with grain
mono-diets. Mice of B6.Cg-Tg(Prnp-SNCA*A53T)23Mkle/J strain (further–mut(PD)), a genetic model
of PD, and control wild-type (WT) mice were also born and reared in SPF conditions but bore the grain
diet much worse if started feeding with grain at the age of one month. Almost all mut(PD) mice and
WT controls died after two weeks of grain diet. Hence, we fed mice of those strains with standard
chow from weaning up to the age of 2.5 months and started feeding the adult 2.5-month-old mice with
grain diets. A later start of feeding with grain allowed us to hold the five-month-long experiment with
mut(PD) mice at grain diets without significant loss of animals.

In the series on a model of AD, experiments were conducted using a pharmacological model
of neurodegeneration caused by central injection of an amyloid beta (Aβ) fragment 25–35. Mice of
C57Bl/6J strain were subdivided into six groups (n = 5–6 animals in each group): (1) standard diet
and bilateral injections of sterile water into the lateral ventricles of the brain (i.c.v.) (Control+St.diet);
(2) control grain diet and bilateral i.c.v. injections of sterile water (Control+CGr); (3) grain with high
content of anthocyanins and bilateral i.c.v. injections of sterile water (Control+Gr_HCA); (4) standard
diet and bilateral i.c.v. injection of Aβ25–35 (Aβ+St.diet); (5) control grain diet and bilateral i.c.v.
injection of Aβ25–35 (Aβ+CGr); or (6) grain with high content of anthocyanins and bilateral i.c.v.
injection of Aβ25–35 (Aβ+Gr_HCA). The experiment started early after weaning when mice were one
month old. Mice were fed with grain or standard chow for five months. Then all animals underwent
stereotaxic surgery. During the 2nd to 5th weeks after the introduction of Aβ or vehicle into cerebral
ventricles, behavioral testing was performed since the behavioral deficits induced by Aβ25-35 are
pronounced during this period [20–22]. Mut(PD) mice, a genetic model of PD, and control WT mice
were subjected to different diets from the age of 2.5 months (n = 8–11 animals in each group). After four
months of treatment, mut(PD) and WT mice were tested for behavior and then sacrificed for further
immunohistochemical (IHC) analysis of their brains.

2.1.2. The Model of AD

Aβ25–35 was dissolved in sterile water at a concentration of 1 mg/mL and stored at −20◦C until
use. Before administration to the animals, the prepared Aβ solution was thawed and incubated for
4 days at 37 ◦C to form aggregates. Injections into cerebral ventricles were performed according
to previously published protocols [20,22] with minor modifications. The mice were anesthetized by
administration of a 2.5% solution of avertin (2,2,2-tribromoethanol and 2-methyl-2-butanol; 100 µL/10 g,
i.p.; Sigma–Aldrich Co.). The Aβ solution or sterile water was injected bilaterally with a Hamilton
syringe (25 µL, model 1702 RN SYR, with a 22s ga needle, 2 inches), using a micropump (injection
rate 0.8 µL/min). The needle was left at the injection site for 2 min after the injection. A total of 10 µL
(9.43 nmole) of the solution was injected. The following coordinates adapted from the mouse brain
atlas were used [23]: AP: −0.5 mm, ML: ±1 mm, DV: −3 mm from the bregma, midline, and skull
surface, respectively.

2.2. Behavioral Tests

Each animal was handled for 5 min/day on three consecutive days before being taken into
experiment. Open field and passive avoidance tests were performed. Observations were performed
during the dark phase between 15:00 and 22:00 h. For behavioral testing, the animals were placed
individually in a clean cage (25 × 40 × 20 cm), and transported to a dim observation room (28 lux
of the red light) with sound isolation reinforced by a masking white noise of 70 dB. Performance in
the behavioral tests was monitored using a video camera Panasonic WV-CL930 (Panasonic System
Networks Suzhou Co. Ltd., Suzhou, China) positioned above an apparatus and processed with original
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EthoVision XT software (Noldus, The Netherlands). The test equipment was cleaned using 20% ethanol
and thoroughly dried before each test trial.

2.2.1. The Open Field Test

This test was carried out in an apparatus with a square arena (40 × 40 cm) and plastic walls
37.5 cm high brightly lit from above (1000 lux). A mouse was placed in the center of the arena,
and its movements were recorded for 10 min. The following parameters were determined: general
locomotion (the distance traveled in cm); vertical locomotor and exploratory activity (rearing number);
anxiety (time spent in the central part of the arena); and emotionality (defecation number).

2.2.2. The Passive Avoidance Test

Training on the passive avoidance reaction was performed by a standard single-session method
in an experimental chamber with dark and light compartments and an automated Gemini Avoidance
System apparatus (San Diego Instruments, CA, USA) as described in detail earlier [24]. The Gemini
software automatically recorded the latency of the transfer to the dark compartment and the
data of testing served as a measure of acquisition of the conditioned passive avoidance reaction.
Memory extinction was measured during the next ten days.

2.2.3. The T-Maze Test

The test was conducted according to the spontaneous alteration protocol at red lighting of 28 lux [25].
The T-shaped apparatus consisted of a start arm (30 × 7 cm) and two side arms (37 × 7 cm) with plastic
walls of 20 cm high. The start zone in the start arm was 18 × 7 cm while central zone between the side
arms was 7 × 7 cm. All compartments were separated by automatic slide doors controlled remotely
by the EthoVision XT software (Noldus, The Netherlands). The test consisted of three trials per day
during three consecutive days for each mouse. Each trial included two choice runs. At the beginning of
each run, a mouse was placed in the start zone. During each run, the mouse made a choice of a side
arm by entering into it. In the first run, right after the choice was made, a slide door separating the
side arm with the mouse shut down and the mouse stayed in the selected arm for 30 s until the second
run. In the second run, a mouse should have chosen a side arm opposite to that chosen in the first run
(correct choice). Correct responses in the nine trials were recorded. The percentage of correct choices
was regarded as an index of working memory [25,26]. The duration of each run was restricted to 90 s.

2.2.4. Barnes Maze Test

The test assesses spatial learning and memory. A mouse was placed on an elevated open circular
arena (d= 120 cm, height from the floor= 90 cm) with 40 holes (d= 5 cm, distance between holes = 8 cm).
An escape box was placed beneath one of the holes and its location was randomly assigned of four
positions for each mouse. Aversive bright lighting (1000 lux) and the stress of being in the open
space motivated an animal to search for the escape box to hide. Visual cues placed in the testing
room provided spatial orientation. Testing was conducted according to the standard protocol [26,27]
and consisted of three phases: habituation (one day, two sessions of 3 min), acquisition (four days,
four sessions of 3 min per day), and testing trial (one day, one session of 60 s). Habituation: a mouse
was placed near the hole with the escape box attached (“goal hole”); if the animal did not find the goal
hole within 3 min, it was gently guided to the escape box and left there for 60 s. Acquisition: the animal
was placed in the center of a platform and was free to explore the platform and search for the goal
hole and escape box; if the animal did not find the goal hole within 3 min, it was gently guided to the
escape box and left there for 60 s. The latency of finding the goal hole was recorded. Episodic memory
was assessed as the dynamics of the latency in the four consecutive sessions on the first training day.
Long-term spatial memory and learning were assessed as the dynamics of the latency in the first
sessions of each training day. During the testing trial, the escape box was removed and mice moved
freely for 60 s. Exploratory activity (by the total number of nose pokes and percentage of visited holes)
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and long-term memory and learning (by the percentage of mice that found a target hole during 60 s of
the test, latency to find the target hole, target hole nose pokes, the percentage of non-target holes nose
pokes (error rate), and a weighted mean distance to the target hole) were evaluated. The weighted
mean distance was calculated according to the formula: Σ[de] × ne/Σntotal, where de = distance
moved to the escape hole; ne = number of nose pokes into the escape hole; and ntotal = total number
of nose pokes into all holes [28].

2.3. IHC Analysis

On the day of euthanasia, mice were culled with CO2. The animals were perfused transcardially
with phosphate-buffered saline (PBS) followed by 4% paraformaldehyde in PBS, then the brains were
rapidly excised and postfixed in PBS containing 30% sucrose at 4 ◦C until further neuromorphological
analysis. The IHC analysis was performed on 30-µm-thick cryosections according to a protocol
described in detail previously [24]. Coronal slices along the frontal cortex (AP: 2.93 to 2.45 mm),
striatum (AP: 1.21 to 0.73 mm), hippocampus (AP: −2.03 to −2.15 mm), or substantia nigra (s. nigra)
(AP: −2.91 to −3.15 mm) of each mouse brain were made. We applied a rabbit polyclonal antibody
(NB110-61645, 1:1000 dilution, Novus Biologicals, Littleton, CO, USA) as a primary antibody to detect
human α-synuclein, a rabbit polyclonal antibody (NBP1-32731, 1:1000 dilution, Novus Biologicals,
Littleton, CO, USA) as the primary antibody to detect M2 microglial marker arginase 1, or a goat
polyclonal antibody (NB100-1028, 1:200 dilution, Novus Biologicals, USA) as the primary antibody
to detect microglial marker AIF-1/IBA1. A fluorescently labeled (Alexa Fluor 488–conjugated) goat
anti-rabbit IgG antibody (ab150077, 1:600 dilution, Abcam, UK) or Alexa Fluor 488–conjugated donkey
anti-goat IgG antibody (ab150129, 1:200 dilution, Abcam, UK) served as the secondary antibodies,
respectively. Fluorescent images were finally obtained by means of an Axioplan 2 (Carl Zeiss)
imaging microscope and a confocal laser scanning microscope LSM 510 META (Carl Zeiss) and then
analyzed in Image Pro Plus Software 6.0 (Media Cybernetics, MD, USA). Fluorescence intensity was
measured as background-corrected optical density (OD) with subtraction of staining signals of the
non-immunoreactive regions in the images converted to grayscale. The area of interest was: 7423 µm2

(IBA1 or arginase 1) or 30,014 µm2 (alpha-synuclein) in the frontal cortex; 19,353 µm2, 26,100 µm2,
or 50,868 µm2 in the hippocampal CA1 area, CA3 area, or dentate gyrus (DG), respectively; 18,208 µm2

in the striatum; and 103,985 µm2 in s. nigra.

2.4. Biochemical Assays

Trunk blood of a mouse was collected into sterile Eppendorf tubes right after sacrifice, then in 30 min
the bio-samples were centrifuged for 20 min at 3000 rpm and +4 ◦C, serum was stored at −24 ◦C until
assay. Serum was three times diluted with PBS. Serum levels of the uric acid, creatinine, total cholesterol,
low-density lipoprotein cholesterol (LDL-C), triglycerides, and high-density lipoproteins (HDL), as well
as the activity of aminotransferases (aspartate aminotransferase (AST), alanine aminotransferase (ALT))
and the levels of total bilirubin were measured using clinical chemistry analyzer Konelab 30i and
Konelab kits (Thermo Fisher Scientific Inc., USA) according to the manufacturer’s instructions [29].

2.5. Data Analysis

All results are presented as mean ± SEM and compared using one or two-way ANOVA followed
by post-hoc Fisher’s Least Significant Difference (LSD) test. The independent variables for the two-way
ANOVA were treatment duration (six- or eight-month-long), Aβ administration (control or Aβ-treated
mice), or genotype (WT or mut(PD)) and diet (St. diet, CGR, or Gr_HCA). Repeated measures ANOVA
followed by Fisher LSD post-hoc comparison was applied to analyze the data of the passive avoidance
test/Barnes test with genotype/Aβ administration and diet as between-subject variables and time
(training, test, or extinction days/number of a session on the 1st day of training; number of a day of
training) as a repeated measure. The level of significance was defined as p < 0.05. STATISTICA 10.0
software (StatSoft, Tulsa, OK, USA) was used to perform all the statistical analyses.

76



Nutrients 2020, 12, 3877

3. Results

3.1. Effects of Grain Diet on Body Weight Gain

Body weight gain was significantly influenced by grain diet (Figure 1). Two-way ANOVA showed
a significant effect of the type of diet (F(2, 58) = 234.1, p < 0.001), duration of feeding (F(1, 58) = 20.6,
p < 0.001) as well as of the interaction between the factors (F(2, 58) = 18.6, p < 0.001) on mouse body
weight (Figure 1a). Mice of C57Bl/6J strain that were given grain had lighter body mass than mice of
groups given standard chow (p < 0.001), both after six and eight months of the experiment. It is worth
noting that mice fed with standard chow gained body mass by the eight months of the experiment
as compared to mice that had been fed with standard chow during six months (p < 0.001), while no
significant body weight gain was observed in mice exposed to grain diets. Mice given different types
of grain did not vary significantly in body mass at both time points of the experiment (Figure 1a).
No significant effect of Aβ25-35 central injection on body mass of mice was found (F(1, 49) < 1; data not
shown). In the experiment with a PD model, two-way ANOVA revealed a significant effect of the type
of diet (F(2, 41) = 110.8, p < 0.001), but not of the genotype (F(1, 41) < 1) or of the interaction between
the factors (F(2, 41) = 1.1, p > 0.05) on mouse body weight gain. As in the experiment with mice of
C57Bl/6J strain, mice of both mutant and WT genotypes that were given grain had lighter body mass
than mice of groups given standard chow (p < 0.001). No significant differences were found between
the groups given different types of grain (p > 0.05) (Figure 1b).

 

β

α

Figure 1. Effects of the type of diet and treatment duration (a) or of the type of diet and overexpression
of α-synuclein (genetic Parkinson’s disease (PD) model) (b) on body weight gain in mice. Data are
presented as the mean ± S.E.M. of the values obtained in an independent group of animals
(n = 6–15 per group). Statistically significant differences: ### p < 0.001 vs. a respective group given the
standard diet (St. diet); *** p < 0.001 vs. a respective group given the same type of diet for six months.
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3.2. Effects on Biochemical Parameters of Serum

The effects of grain diet on the biochemical parameters of serum were assessed in mice of C57Bl/6J
strain. Biochemical features of the groups are summarized in Table 1. While the activity of ALT and
AST and the levels of total bilirubin, triglycerides, and creatinine were not significantly affected by the
diet, significant differences were revealed in the levels of uric acid and the parameters of lipid profile.
One-way ANOVA showed a significant effect of the type of diet on the levels of uric acid. However,
the parameter was significantly reduced in the “CGr” group (p < 0.05) but not in the “Gr_HCA” group
compared to the “St. diet” control group. Significant influence of the diet factor was found on the
levels of total cholesterol, LDL-C, and HDL-C (α-cholesterol). All the indices were augmented in
the groups fed with both types of grain. Nevertheless, atherogenic coefficient, the ratio of non-HDL
cholesterol to HDL cholesterol, was even lowered in mice given both types of grain as compared to the
mice fed with standard chow and given water (“St.diet”).

Table 1. Effects of the type of a diet on the biochemical parameters of serum in C57Bl/6J mice.

Parameter
Group F, p

St. diet CGr Gr_HCA

Indices of liver function

ALT, U/L 52.2 ± 7.68 41.6 ± 7.0 54.8 ± 8.6 F(2, 12) < 1

AST, U/L 272.4 ± 15.7 286.5 ± 25.8 326.1 ± 8.1 F(2, 12) = 1.5, p > 0.05

Total bilirubin, mmol/L 1.86 ± 0.82 2.04 ± 0.63 1.20 ± 1.05 F(2, 12) < 1

Indices of kidney function and protein metabolism

Creatinine, µmol/L 56.0 ± 3.9 55.3 ± 3.6 65.4 ± 0.6 F(2, 12) = 1.9, p > 0.05

Uric acid, mmol/L 191.2 ± 15.4 132.2 ± 11.9 (#) 189.1 ± 14.2 (+) F(2, 12) = 5.95, p < 0.05

Indices of lipid metabolism

Total cholesterol, mmol/L 2.12 ± 0.09 4.51 ± 0.19 (###) 4.98 ± 0.34 (###) F(2, 12) = 66.0, p < 0.001

Triglycerides, mmol/L 0.91 ± 0.09 0.73 ± 0.05 0.82 ± 0.02 F(2, 12) = 2.0, p > 0.05

LDL-C, mmol/L 0.43 ± 0.01 0.89 ± 0.04 (###) 1.04 ± 0.06 (###, +) F(2, 12) = 73.8, p < 0.001

HDL, mmol/L
(α-cholesterol)

0.95 ± 0.06 2.27 ± 0.12 (###) 2.51 ± 0.23 (###) F(2, 12) = 47.1, p < 0.001

Atherogenic coefficient 1.24 ± 0.07 0.99 ± 0.03 (##) 0.99 ± 0.06 (#) F(2, 12) = 7.1, p < 0.05

Data are presented as the mean ± S.E.M. of the values obtained in an independent group of animals (n = 5 per group).
Statistically significant differences (bold): # p < 0.05, ## p < 0.01, ### p < 0.001 vs. a control group given the
standard diet (St. diet); + p < 0.05 vs. the group given the control grain diet (CGr). ALT, alanine aminotransferase;
AST, aspartate aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL, high-density lipoproteins.

3.3. Behavioral Effects

3.3.1. The Open Field Test

The open field test was performed to monitor general locomotion, vertical locomotor and
exploratory activity, anxiety, and emotionality in mice (Supplementary Materials: Table S1).
Aβ treatment did not affect significantly the parameters studied in mice fed with standard chow or the
grain with high content of anthocyanins. High content of anthocyanins in the diet did not produce
marked effects on the behavior of Aβ-treated mice in this test either. When testing a PD model, mut(PD)
mice had higher horizontal locomotion than WT mice. Grain mono-diets significantly decreased
horizontal and vertical activity in mice of both genotypes. The diet factor also significantly influenced
the number of fecal boli. The parameter was reduced in the grain-treated mice, probably due to the
diminished food intake and body mass found in those groups. It is noteworthy that no significant
differences between the groups of the PD model given grain diets in the open field test were found.

3.3.2. The T-Maze Test

Two-way ANOVA did not show a significant effect of the type of diet (F(2, 26) < 1) or Aβ25-35
administration (F(1, 26) = 1.9, p > 0.05) on the index of working memory in C57Bl/6J mice but there was
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a marked influence of the interaction between the factors (F(2, 26) = 3.8, p < 0.05) (Figure 2a). Aβ25-35
treatment reduced the parameter in mice fed with standard chow but not in mice with grain diets.
Mice of “Control+CGr” group that were given the control grain without Aβ25-35 had a diminished
percentage of correct choices compared to mice fed with the standard chow or the grain with high
content of anthocyanins (p < 0.05).
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Figure 2. Effects of the type of diet and Aβ25-35 administration (Alzheimer’s disease (AD) model) (a) or
of the type of diet and overexpression of α-synuclein (genetic PD model) (b) on the working memory
in mice evaluated in the T-maze test. Data are presented as the mean ± S.E.M. of the values obtained in
an independent group of animals (n = 5–11 per group). Statistically significant differences: * p < 0.05 vs.
a respective control group (in the experiment with AD model); # p < 0.05 vs. a respective group given
the standard diet (St. diet); + p < 0.05 vs. a respective group given the control grain diet (CGr).

Although there was a tendency to decrease in the index of working spatial memory in the
transgenic mice and an increase in the group fed with anthocyanin-rich grain diet in the T-maze test in
the experiment with the PD model, two-way ANOVA did not reveal any significant effects of the type
of diet (F(2, 39) = 1.9, p > 0.05), genotype (F(1, 39) = 1.2, p > 0.05) or the interaction between the factors
(F(2, 39) = 1.3, p > 0.05) on the working memory in mice (Figure 2b).

3.3.3. Barnes Test

Three-way ANOVA showed a significant effect of learning (repeated measures) (F(3, 81) = 15.2,
p < 0.001) as well as of the Aβ25-35 administration (F(1, 27) = 4.6, p < 0.05) on the latency to find
an escape box in the Barnes test during the first training day in C57Bl/6J mice (Figure 3a) while the
influence of the diet type (F(2, 27) = 2.1, p > 0.05) or the interaction of this factor with the other factors
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was insignificant. Control groups treated with the both grain diets had similar dynamics of learning,
a significant decrease in the latency to find an escape box was observed since the second training
session. In the control group treated with standard chow, a significant reduction of the latency was
revealed after the third training session. Aβ25-35-treated groups had slightly higher latencies. Mice of
the group fed with the standard chow that were administered with Aβ25-35 demonstrated a significant
reduction in the latency only by the fourth session. At the same time, mice of both groups fed with the
grain diets that were administered with Aβ25-35 had a significant decrease in the latency by the second
(“Aβ+Gr_HCA”) or third (“Aβ+CGr”) session but it vanished at the fourth session. It is noteworthy
that mice of the “Control+Gr_HCA” group demonstrated the shortest latencies to find the escape box
during the first day of training.
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Figure 3. Effects of the type of diet and Aβ25-35 administration (AD model) on the episodic memory
measured during the first day of training (a) or long-term spatial memory and learning estimated
during four days of training (b) in Barnes test, or of the type of diet and overexpression of α-synuclein
(genetic PD model) on the contextual memory retrieval and memory extinction evaluated in the passive
avoidance test (c) in mice. Data are presented as the means of the values obtained in an independent
group of animals (n = 5–12 per group). Statistically significant differences: ˆ p < 0.05, ˆˆ p < 0.01,
ˆˆˆ p < 0.001 compared to values of the same group in the first session (a), on the first day of training
(b), on the training day (c); & p < 0.05, && p < 0.01, &&& p < 0.001 compared to values of the same
group on the test day; * p < 0.05, ** p < 0.01 vs. a respective control (in the experiment with AD model)
or wild-type (WT) (in the experiment with PD model) group; # p < 0.05, ## p < 0.01, ### p < 0.001 vs. a
respective group given the standard diet (St. diet); + p < 0.05, ++ p < 0.01 vs. a respective group given
the control grain diet (CGr).

Three-way ANOVA showed a significant effect of learning (repeated measures) (F(3, 81) = 66.1,
p < 0.001) on the latency to find an escape box in the Barnes test during four days of training in C57Bl/6J
mice (Figure 3b) while the influence of the type of diet (F(2, 27) = 3.3, p > 0.05), Aβ25-35 administration
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(F(1, 27) < 1), or the interactions between the factors was insignificant. All studied groups had similar
dynamics of learning with a gradual decrease in the latency to find an escape box since the second
training day. The index of learning and memory was better in mice of the “Aβ+Gr_HCA” group than
in mice of the “Aβ+CGr” group on the second day of training (p < 0.05).

The parameters of long-term spatial memory and learning were evaluated on the next day after four
days of training in the test session. The results are summarized in Supplementary Materials: Table S2.
Only one parameter of exploratory activity (the total number of nose pokes) was significantly affected
by the interaction between the diet type and Aβ25-35 administration in C57Bl/6J mice. Nevertheless,
Aβ25-35 injections provoked a significant decrease in the total number of nose pokes only in mice of
the group fed with control grain (“Aβ+CGr”) as compared to the respective group without Aβ25-35
treatment (“Control+CGr”, p < 0.01). Mice of “Control+Gr_HCA” had a decreased total number of
nose pokes as compared to mice of “Control+CGr” (p < 0.01). Groups did not vary significantly in the
indices of cognitive function.

3.3.4. The Passive Avoidance Test

We revealed a significant influence of the repeated measures (time) factor (F(11, 484) = 20.8,
p < 0.001), diet factor (F(2, 44) = 16.7, p < 0.001), and interaction between the repeated measures
and diet factors (F(22, 484) = 6.3, p < 0.001) on the step-through latency when evaluating contextual
memory retrieval and memory extinction in mut(PD) and WT mice (Figure 3c). Latency to enter a dark
compartment during training (before the foot shock) did not differ significantly among the experimental
groups. As evidence of learning and acquisition of the conditioned passive avoidance reaction on
testing day, 24 h after receiving the foot shock, mice of all groups demonstrated increased step-through
latencies. With exposure to the context in the absence of additional shocks, the fear response gradually
diminished, which is called memory extinction [30]. In “WT+St. diet” and “mut(PD)+St. diet“ groups,
the values of step-through latency stayed significantly increased for seven and two days, respectively,
as compared to the training day. A significant decrease in step-through latency was determined
since the 6th and 5th day of the extinction phase compared to the test day in “WT+St. diet” and
“mut(PD)+St. diet“ groups, respectively. Hence, extinction was more pronounced in the “mut(PD)+St.
diet“ group. At the same time, the values of step-through latency stayed markedly increased for ten
days of the extinction phase as compared to the training day in all groups treated with grain. We did
not observe a substantial reduction in step-through latency in mice of those group during ten days
of the extinction phase. Control grain diet caused an exaggerated response in transgenic mice as the
values of step-through latencies during the extinction phase were significantly higher than on the
training day. At the same time, in the “mut(PD)+Gr_HCA” group, the dynamics of memory extinction
were closer to those of the “WT+St. diet” group and the values of step-through latencies during
the extinction phase were substantially lower than in the “mut(PD)+CGr” group. Thus, grain diets
modulated memory extinction in mut(PD) mice.

3.4. IHC Analysis

The accumulation of human α-synuclein in the mouse brain was measured. We detected
immunofluorescence against human α-synuclein only in the frontal cortex of seven-month-old
transgenic mut(PD) mice (Figure 4). Both genotype (F(1, 14) = 92.3, p < 0.001) and diet (F(2, 14) = 5.6,
p < 0.05) or the interaction of the factors (F(2, 14) = 4.0, p < 0.05) had a significant effect on the
α-synuclein accumulation in the 2nd layer of the frontal cortex (Figure 4a). The treatment with grain
diet with high content of anthocyanins (“mut(PD)+Gr_HCA”) produced a significant decrease in the
α-synuclein deposition as compared to the “mut(PD)+St. diet” (p < 0.01) or ”mut(PD)+CGr” (p < 0.001)
group. The neuroinflammatory marker of microglia activation IBA1 was also increased in the frontal
cortex of transgenic mut(PD) mice (genotype factor: F(1, 12) = 18.3, p < 0.01) as well as in the striatum
(genotype factor: F(1, 14) = 8.6, p < 0.05) and s. nigra (genotype factor: F(1, 14) = 29.3, p < 0.001) but
not in the hippocampus. The grain with high content of anthocyanins reduced IBA1 expression in the
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striatum, s. nigra, and hippocampal CA1 and DG regions of mut(PD) mice (Figure 5a). Although the
grain diet with high content of anthocyanins did not affect IBA1 expression in the frontal cortex of
mut(PD) mice, it altered the expression of arginase 1 marking the M2 microglia that promotes tissue
viability and neuronal survival in this brain structure. Mice of “mut(PD)+Gr_HCA” had elevated levels
of arginase 1 in the frontal cortex as compared to the levels detected in all other groups (diet factor:
F(2, 13) = 5.8, p < 0.05) (Figure 6).

 

 

α α

α
μ

Figure 4. Effects of the type of diet and overexpression of α-synuclein (genetic PD model) on the
α-synuclein accumulation in the frontal cortex in mice. (a) Quantitative results. The data are expressed
as the means ± SEMs of the values obtained in an independent group of animals (n = 3–4 per group).
Statistically significant differences: ** p < 0.01, *** p < 0.001 vs. a respective WT group; ## p < 0.01
vs. a respective group of mut(PD) mice given the standard diet (“mut(PD)+St. diet”); +++ p < 0.001
vs. a respective group of mut(PD) mice given the control grain diet (“mut(PD)+CGr”). (b) α-synuclein
immunoreactivity in the frontal cortex. Magnification, 100×; bar, 100 µm.
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Figure 5. Effects of the type of diet and overexpression of α-synuclein (genetic PD model) on
the expression of microglial marker IBA1 in the mouse brain. (a) Quantitative results. CA1–CA1
hippocampal area, CA3–CA3 hippocampal area, DG–dentate gyrus. The data are expressed as the
means ± SEMs of the values obtained in an independent group of animals (n = 3–4 per group).
Statistically significant differences: ** p < 0.01, *** p < 0.001 vs. respective WT groups; # p < 0.05,
### p < 0.001 vs. a respective group of mut(PD) mice given the standard diet (“mut(PD) + St. diet”);
+ p < 0.05, +++ p < 0.001 vs. a respective group of mut(PD) mice given the control grain diet (“mut(PD)
+ CGr”). (b) IBA1 immunoreactivity in the frontal cortex. Magnification, 200×; bar, 50 µm.
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Figure 6. Effects of the type of diet and overexpression of α-synuclein (genetic PD model) on the
expression of arginase 1 in the frontal cortex in mice. (a) Quantitative results. The data are expressed
as the means ± SEMs of the values obtained in an independent group of animals (n = 3–4 per group).
Statistically significant differences: * p < 0.05, ** p < 0.01 vs. a respective WT group; # p < 0.05 vs. a
respective group of mut(PD) mice given the standard diet (“mut(PD)+St. diet”); ++ p < 0.01 vs. a
respective group of mut(PD) mice given the control grain diet (“mut(PD)+CGr”). (b) Arginase 1
immunoreactivity in the frontal cortex. Magnification, 200×; bar, 50 µm. High magnification images
(630×) of arginase 1-positive cells are shown in the insets.

4. Discussion

For a long time, the role of anthocyanins as ingredients of functional foods has been underestimated,
in particular, due to the notion of their low bioavailability. However, the accumulating evidence
of the positive effects of anthocyanins on the physiological functions in animals and humans has
led to reconsidering this question. According to early reports, anthocyanins were characterized
as the least bioavailable among all the flavonoid compounds. Only 0.4% of the initial amount of
anthocyanins consumed in food was detected in the blood plasma of animals and humans [31].
Such low concentrations of anthocyanins could not explain the physiological effects observed after
their consumption. Improvement of detection methods made it possible to assess the bioavailability of
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anthocyanins taking into account their metabolites and interaction products that was much higher than
the bioavailability assessed only by the content of the parent compounds [32]. In studies on animals
fed with anthocyanin-rich foods, anthocyanins have been found in almost all organs and tissues
including the brain. The latter indicates an active absorption of anthocyanins and their ability to cross
the blood-brain barrier [33,34]. It is important to note that the initial forms of anthocyanins prevail
in animal tissues at short-term treatment while their long-term consumption causes accumulation of
anthocyanin metabolites that is associated with the activity of the gut microbiota [34]. An additive
and synergistic efficiency of anthocyanin compounds in providing the health benefits should be also
taken into account [35]. The biological significance of native natural compound complexes may
differ much from that of isolated purified substances. The effect of natural compounds is diminished
when biologically active mixtures (extracts) are divided into purified components and introduced
separately [36]. Thus, not only the anthocyanin pigments themselves and their health effects but
natural biological plant products containing mixtures of these compounds as functional foods are of
great interest.

Anthocyanin-rich fruits may have a positive effect at aging-related neuronal and behavioral
deficits [37]. Both human and animal studies have demonstrated beneficial effects of the fruit-derived
products on cognitive function. In a randomized controlled clinical study, daily ingestion of
anthocyanin-rich cherry juice improved fluency, short-term memory, and long-term memory in
aged people (70+) with dementia [38]. Anthocyanin-rich mulberry extracts corrected the cognitive
impairment in mice with accelerated senescence and AD-like neurodegeneration [39]. In vitro models
of PD, extracts rich in anthocyanins, and proanthocyanidins also exhibited neuroprotective activity [40].
Together with the absence of toxicity, negative side effects, or overdose [13], anthocyanin-rich products
appear to be promising functional foods for neurodegeneration prevention and therapy as it requires
long-term courses of treatment.

The main sources of anthocyanins are dark-colored fruits and berries [41]. However, recently crops
such as cereals and potatoes have been regarded as sources of anthocyanins since their grains or
tubers may also accumulate anthocyanin compounds [15,42]. Although grains and tubers contain
fewer anthocyanins compared to berries, they are more attractive as functional foods due to their
longer storage, availability, and daily consumption by most people compared to seasonal berries and
fruits. It should be noted that anthocyanins persist in finished products made of wheat grain rich in
anthocyanins [19,43–47]. Moreover, a bread made of whole-grain flour with anthocyanins had a longer
shelf life compared to bread made of anthocyanin-free flour [44]. Thus, here we evaluated the effects of
a diet consisted of whole wheat grain rich in anthocyanins on cognitive function using the models of
neurodegenerative disorders.

First, we evaluated the diet tolerance and general effects of the grain diets. Both types of grain
mono-diets caused a significant decrease in body weight gain. The body mass of mice given only grain
was approximately 1.5 times less than in those fed with standard chow after six months of treatment
and approximately 1.8 times less after eight months of a diet. These effects might be attributed to the
lower food intake in the grain-treated groups and calorie restriction due to the lean diet containing
only grain. Notably, mice treated with the grain with high content of anthocyanins did not differ in
the body weight gain from mice fed with the control grain. Although anthocyanins were revealed
to affect the fat and carbohydrate metabolism [9,48,49], here we did not observe further loss of body
mass in mice fed with the grain with high content of anthocyanins in comparison with the effect of the
control grain diet. Moreover, the effects of grain diets on the biochemical indices of blood serum were
similar. Both grain mono-diets produced the marked deviations in the parameters of lipid metabolism
including the elevated levels of total cholesterol, LDL-C, and HDL-C (α-cholesterol). Nevertheless,
atherogenic coefficient that is related to the risk of cardio pathology was even lowered in mice given
both types of grain as compared to the mice fed with standard chow.

Similar effects of the diet factor on body weight gain were found in the experiments with AD and
PD models. When testing mice for general locomotion, exploratory activity, anxiety, and emotionality
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in the open field test, Aβ treatment did not significantly affect the behavior of mice fed with standard
chow or the grain with high content of anthocyanins. High content of anthocyanins in the diet did not
produce marked effects on the parameters studied in Aβ-treated mice in this test as well. In the PD
model, horizontal locomotion was augmented, which is in good agreement with previous studies on
this transgenic PD model [50–52]. Grain mono-diets significantly decreased horizontal and vertical
activity in mice of both genotypes. Notably, no significant differences between the groups of PD
model given grain diets in the open field test were found. Hence, the observed effects of anthocyanins
on cognitive function were specific and did not depend on the general locomotor or exploratory
behavioral changes.

Early stages of AD are associated with disturbances in amyloid metabolism and accumulation of
amyloid oligomers [53]. Aβ oligomers are the most toxic forms of amyloid that lead to synaptic and
neuronal dysfunctions [54,55]. It is the soluble oligomers of Aβ and not the fibrillar one in amyloid
plaques that are currently attributed to the main toxic effect on neurons at the very early stages of AD
and probably initiate the pathological cascade [56]. Aβ 25-35 fragment used in the work is characterized
by high neurotoxicity due to the high aggregative properties [57,58]. In animal models, it causes
certain impairment of cognitive function including the decline in working spatial memory, learning,
short-term and long-term memory [20,22,59], along with Aβ accumulation, tau hyperphosphorylation,
and neuroinflammatory responses in the brain [22]. We revealed the disturbances in working memory
in the T-maze test as well as in episodic memory and retarded spatial learning during the first day of
training in the Barnes test induced by Aβ 25-35 administration in mice. At the same time, the indices of
long-term spatial memory in the Barnes test were not significantly affected in the “Aβ+St. diet” group.
Thus, the slight alterations in cognitive function observed correspond well to the early symptoms of AD.
It should be noted that the control wheat diet resulted in similar cognitive alteration in the T-maze test.
Anthocyanins prevented the deficit in working spatial memory induced by Aβ 25-35 administration
or prolonged grain mono-diet. In the Barnes test, Aβ treatment produced slight alterations in the
episodic memory and learning during the first day of training that were partially restored by both
types of grain diet. Notably, mice of the “Control+Gr_HCA” group demonstrated the shortest latencies
to find the escape box during the first day of training. We may conclude that the wheat grain with
high anthocyanin content improves cognitive function; its application is safe for AD-like pathology.
Together with previous reports on the positive effects of anthocyanin-enriched extracts in mouse AD
models [21,60,61], the results of the study confirm the potential of the anthocyanin-enriched wheat
grain as a functional food for dietary supplementation against cognitive decline from the early stages
of AD progression.

Pathological aggregation and accumulation of α-synuclein in neurons and Lewy bodies
appear to play a core role in the pathogenesis of synucleinopathies and PD in particular [62].
Hence, overexpression of α-synuclein is a common PD model [63]. Although pronounced motor
disturbances occur in the transgenic mice with overexpression of mutant human α-synuclein at the
age of 9–13 months [52], certain behavioral and cognitive alterations appear at the early stages of
the pathology course [51,64]. A previous study indicated spatial memory deficit in mice of this PD
model at the ages of six and twelve months using Y-maze test [51]. In the present study, although
there was a tendency to decrease in the index of working spatial memory in the transgenic mice
and an increase in the group fed with anthocyanin-rich grain diet in the T-maze test, the influence
of factors or their interaction was not significant. In the passive avoidance test, contextual memory
retrieval did not differ significantly among the experimental groups while memory extinction was more
pronounced in the transgenic mice fed with the standard chow. Repeated context exposure gradually
reduced memory retention and stimulated extinction. A significant decrease in the step–through
latency observed in mut(PD) control mice occurred much earlier than in WT control mice indicating
the facilitated extinction and attenuated memory retention. These results are in a good agreement
with the previous reports on the facilitation of memory extinction in MPTP-induced PD model [65,66].
Hence, the mut(PD) control mice were characterized by cognitive impairment (deficit of the fear
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memory trace retrieval). Both types of grain diets rescued facilitation of contextual fear extinction and
improved the retrieval of memory trace via enhancement of reconsolidation. Step-through latencies
stayed markedly increased for ten days of the extinction phase as compared to the training day in all
groups treated with grain. Prolonged memory extinction might be considered a cognitive alteration.
Moreover, the control grain diet caused an exaggerated response in transgenic mice as the values of
step-through latencies during the extinction phase were significantly higher than on the training day.
However, the values of step-through latencies during the extinction phase were substantially lower
in the transgenic mice fed with the anthocyanin-rich grain that in those fed with the control grain.
Moreover, the dynamics of memory extinction in the “mut(PD)+Gr_HCA” was closer to that one of
the “WT+St. diet” group.

Memory alterations were accompanied by the α-synuclein accumulation in the frontal cortex
in the transgenic mice. The anthocyanin-rich grain diet but not the control grain diet significantly
reduced the deposition of α-synuclein in the frontal cortex of mut(PD) mice. The results agreed with
the previous findings in vitro on the capability of the major metabolite of the anthocyanins cyanidin
3-glucoside to inhibit aggregation and fibril formation of α-synuclein [67,68]. Microglia-mediated
neuroinflammation is an important component in PD pathogenesis [69]. A microglial marker IBA1
was augmented in the frontal cortex as well as in the nigrostriatal brain regions of the transgenic
mice. Interestingly, the effects of the anthocyanin-rich grain diet on microglia were structure-specific.
The anthocyanin-rich grain diminished microglia activation in the striatum and s. nigra but not in
the frontal cortex. The decreased microglial response agrees with in vitro findings on an attenuated
M1 microglial phenotype after anthocyanin treatment [70]. At the same time, the transgenic mice fed
with the anthocyanin-rich grain had the increased expression of arginase 1, a marker of M2 microglia,
in the frontal cortex. M2 microglia promotes antiinflammation, tissue repair, and extracellular matrix
reconstruction [69]. However, anthocyanins were not able to shift microglia to an M2 strict phenotype
in vitro [70]. One may suggest that the modulation of microglial phenotype by anthocyanin treatment
in the transgenic PD model was indirect and related to the decreased α-synuclein burden which might
be further resolved by M2 microglia [71]. Thus, anthocyanin-enriched wheat grain modulated memory
extinction along with the reduction in α-synuclein accumulation and modulation of the microglial
response in the brain in the α-synuclein-induced transgenic PD model.

5. Conclusions

Thus, the results provide notable evidence that anthocyanin-rich wheat is a promising source for
functional nutrition due to its positive effects on cognitive function and on important pathogenetic
processes of neurodegenerative disorders such as accumulation of pathological protein aggregates
and neuroinflammation. The diet consisted of whole wheat grain rich in anthocyanins was safe and
it possessed beneficial effects on cognitive function in mouse models of early stages of AD and PD.
Anthocyanins prevented the deficit in working memory induced by Aβ or prolonged grain mono-diet.
Both grain diets partially reversed the retarded learning and episodic memory alterations in AD
model. The transgenic PD model was also characterized by cognitive impairment, the facilitation of
memory extinction (deficit of the fear memory trace retrieval), while both types of grain diets rescued
facilitation of contextual fear extinction and improved the retrieval of memory trace via enhancement of
reconsolidation. Both grain diets prolonged the memory extinction that might be considered a cognitive
alteration as well. However, the dynamics of the extinction in the group fed with the anthocyanin-rich
grain was closer to that in the group of WT mice given standard chow. The behavioral effects of the
anthocyanin-rich grain diet were accompanied by the reduction of α-synuclein accumulation and
modulation of the microglial response in the brain of the transgenic mice. The results confirmed the
potential of the Pp3 gene that marks the wheat line with anthocyanin-rich grains in breeding of wheat
cultivars with high anthocyanin content intended for dietary nutrition.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3877/s1,
Table S1: Effects of the type of diet and Aβ25-35 administration (AD model) or of the type of diet and overexpression
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of α-synuclein (genetic PD model) on the behavior of mice in the open field test; Table S2: Effects of the type of
diet and Aβ25-35 administration (AD model) on the parameters of long-term memory and learning evaluated on
the next day after four days of training in the test session of the Barnes test in C57Bl/6J mice.
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Abstract: Anxiety disorders comprise persistent, disabling conditions that are distributed across
the globe, and are associated with the high medical and socioeconomic burden of the disease.
Within the array of biopsychosocial treatment modalities—including monoaminergic antidepressants,
benzodiazepines, and CBT—there is an unmet need for the effective treatment of anxiety disorders
resulting in full remission and recovery. Nutritional intervention may be hypothesized as a promising
treatment strategy; in particular, it facilitates relapse prevention. Low-carbohydrate high-fat diets
(LCHF) may provide a rewarding outcome for some anxiety disorders; more research is needed before
this regimen can be recommended to patients on a daily basis, but the evidence mentioned in this
paper should encourage researchers and clinicians to consider LCHF as a piece of advice somewhere
between psychotherapy and pharmacology, or as an add-on to those two.

Keywords: GABA; ketogenic diet; low-carbohydrate; anxiety; ketosis; gut microbiota;
nutritional psychiatry; mental health; nutrition

1. Introduction

Anxiety disorders comprise a group of persistent, disabling conditions that are distributed across
the globe, and are associated with a high burden of the disease being a great cost in the course of
healthcare expenses, due to commonly ruling one out from social, professional, and/or educational
duties [1–7].

Although intensive research on genetics, neuroimaging, blood-testing, and neurochemical markers
has been carried out, the studies failed to determine the anxiety biomarkers, as the majority of them
showed solitary findings which sometimes were neither replicable, nor consistent with each other [8].

The array of treatment modalities is still limited in efficacy with regard to remission, prognosis,
and relapse prevention. There is an unmet need for novel strategies in the treatment of anxiety
disorders, including treatments that fall outside of pharmacotherapy and psychosocial intervention.

1.1. Neurotransmission and Gut-Microbiota Interplay in Anxiety

1.1.1. Monoamines

Within the exploration of the possible biological causes of anxiety, there is evidence on serotonergic
and noradrenergic transmission defects in the mechanism of anxiety; there is a need to explore more
treatment options to treat these disorders, and a diet regimen could be one of them. The monoaminergic
hypothesis led to the development of selective and nonselective inhibitors of serotonin transporters
and/or norepinephrine, with the aim of monoaminergic transmission augmentation [9–11]. There is
a strong correlation between enhanced noradrenergic activity and fear and anxiety. Additionally,
the neurons of the chief noradrenergic projection center in the central nervous system, the locus
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coeruleus, are hyperactive during anxiety, and the excitation of this part of the brain is related to
symptoms such as stress and anxiety responses [9]. Furthermore, pharmacotherapeutic confirmation
points towards the involvement of the serotonergic system in the brain [9].

1.1.2. Hypothalamic-Pituitary-Adrenal Axis, Divalent Ions, Inflammation, and Reactive Oxygen
Species in Anxiety

Another factor is the disturbance of the hypothalamic–pituitary–adrenal axis (HPA), which is
seen to have elevated cortisol levels. However, hypocortisolism has also been noted [12]. Factors
such as the divalent ions of zinc or magnesium (the digestion of which is controlled partly by the
human microbiota [13]) may exert effects on the progression of the cortical brain-derived neurotrophic
factor (zinc and magnesium), N-methyl-d-aspartate (NMDA) antagonists’ mechanisms of action,
and neuromodulation. The mechanism of action also highlights the linkage between anxiety and some
divalent ion deficiencies [14,15]. Inflammation and oxidative stress are also being linked to the anxiety
process. The former was consistently found to affect anxiety-related brain regions, i.e., the anterior
cingulate cortex, amygdala, and insula, which may result from cytokine effects on monoamines
and glutamate. Increased inflammatory cytokines are, in turn, associated with increased oxidative
stress, and the generation of reactive oxygen species (ROS) and reactive nitrogen species. The latter
could be linked with obsessive-compulsive disorder and panic disorders’ etiologies, which show
statistically-significant levels of some antioxidant enzymes and malondialdehyde [16–18].

1.1.3. Excess Glutamate

With regard to glutamate, its relationship to anxiety has also already been established. This chief
excitatory neurotransmitter in the human brain was found to play a vital role in anxiety. The mechanism
consists of NMDA receptor complex activation, which requires both glutamate (which could be depleted
by the LCHF diet, as described below) and its co-agonist, glycine. d-cycloserine, for instance, being a
partial agonist—at the glycine recognition site—of the glutamatergic NMDA receptor, can act as a
cognitive enhancer to augment exposure strategies during the cognitive-behavioral therapy of anxiety
disorders [19,20].

1.1.4. GABA Deficiency

Additionally, the main inhibitory gamma-aminobutyric acid (GABA) dysfunctions have been
discussed in studies as being responsible for mood fluctuations in affective disorders and the
psychopathology of fear (the acquisition, storage, and extinction of fear memory); this has not
only been proven theoretically but also practically, by the rapid reduction of symptomatology, anxiety,
and sleep disorders when allosteric modulators of GABA were given [21–23]. In patients with General
Anxiety Disorder (GAD), the number of GABA type A (GABA-A) receptors is reduced in the temporal
lobe [24]; patients with panic disorders also have reduced GABA-A receptor numbers in the parietal,
temporal and frontal cortexes, the left hippocampus, and the precuneus [25]. Likewise, GABA is
responsible for the inhibition of cortisol excretion in stress, and corticotropin-releasing hormone
excretion, which also supports the hypothesis that, when altered, GABA could intensify the risk
of depression and/or anxiety [23]. Persistent Selective Serotonin Reuptake Inhibitor (SSRIs) intake
enhances the cortical GABA concentrations observed in both patients and healthy controls, and are
compatible with the antidepressant drug-induced potentiation of GABA release as a mechanism
underlying antidepressant effects. Similarly to SSRIs, tricyclic antidepressants that increase the
concentration of noradrenaline and serotonin take part in GABAergic transmission modulation.
The noradrenergic neuration of GABAergic interneurons increases the GABAergic transmission in the
frontal, sensorimotor, and entorhinal cortices; parts of the hippocampus; and the basolateral amygdala.
Additionally, significant decreases in the left temporal pole GABA-A receptors were found in a PET
study with female GAD patients. Studies have shown that infusions of GABA or GABA-A receptor
agonists into the amygdala lessened the measures of anxiety in several animal subjects, while infusions
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of GABA antagonists managed to show anxiogenic properties [26]. The role of GABA has long been
observed as being central to the regulation of anxiety, and this neurotransmitter system is the target of
benzodiazepines (and related drugs) used to treat anxiety disorders effectively [27].

1.1.5. Gut Microbiota

Furthermore, the intestinal microbiota have various functions in the organism, including the
synthesis of certain bacteria groups that replenish the absorption of ions, calcium and iron, and the
transformation of fatty acids, stimulating the development of the immune system and protective
functions [13]. The relationship between the development of depression, the immune response,
and bowel function is currently explained by the phenomenon of ‘leaky gut syndrome’. The research
revealed that ‘tight junctions’—connections between the cells of the intestinal epithelium—deteriorate
under stress, which in turn leads to the translocation of intestinal bacteria through the intestinal barrier
into the circulatory system [28].

To summarize, at present, antidepressants augment monoaminergic transmission and also
strengthen GABA transmission, the lowered concentration of which is frequently observed in anxiety
disorders [9,23].

Among monoaminergic drugs, cognitive-behavioral therapy, or occasional benzodiazepine use,
there is a lot to be discovered in the nutrition regimen regarding decreasing anxiety symptoms. The aim
of this mini-review is to bring together the existing knowledge of the ways in which certain types of
food components affect anxiety.

1.2. Low Carbohydrate Diets and Their Hypothesized Impact on Anxiety Treatment

1.2.1. Low-Carbohydrate Diets

Dietary modification as a treatment intervention modality has been widely discussed since the 19th
century [29–31]. A very low-carb diet (up to ca. 50 g carbohydrates per day [32]), the LCHF-ketogenic
diet (KD), was the typical treatment for diabetes mellitus (DM) throughout the 19th century [33,34].
A dietary regimen that provided ketosis was found in the treatment amended by the physicians
of ancient Greece, including for epilepsy, by altering their patients’ diet, mostly by the ‘complete
abstinence of food and drink’ [35].

Diets with low amounts of carbohydrate consumption (low-carb) seem promising both for
weight mass optimization among mentally ill patients and for their possible anxiolytic effect. A diet
is characterised as being low-carb high-fat (LCHF) when fat comprises >70% of the daily calorie
consumption, with sugars being 5–15%, and the rest of the calories being supported by proteins [32].

Although there are various types of LCHF diets, like the Atkins diet, modified Atkins diet,
low-glycemic index treatment diet, and the medium-chain triglyceride (MCT) KD [36–38], we will focus
on the biological aspect of the mechanism of ketosis. As has previously been said, a very low-carb KD
and starvation have something in common, and the process is called ketosis. The difference between
physiological ketosis and pathological ketoacidosis (which is seen in DM type 1 or prolonged starvation)
is a major limiting factor in the production of ketones [39]. Ketosis, the state of the overproduction of
acetoacetate, d-3-hydroxybutyrate, and acetone (called collectively ‘the ketone bodies’) by the liver,
takes place when carbohydrates are removed from the diet (or during starvation). Ketosis seems to
only ‘imitate’ starvation, being different from it, as the daily caloric intake stays on a normal, or even
higher, level. The restriction of carbohydrates to under 50 g induces glycogen depletion and ketone
production due to the mobilization of fat stored in the adipose tissue, which is the main mechanism
associated with a decrease in body weight. Very low-carbohydrate diets and mild low-carbohydrate
diets (the latter is commonly defined as carbohydrate consumption up to 130 g per day) differ in the
type of body mass loss. In the review by Hashimoto et al. 2016, very low-carb diets were associated
with a decrease in fat mass, but mild low-carb diets were not associated with a decrease in fat mass,
although both were associated with bodyweight decrease [40]. Furthermore, the Prospective Urban

95



Nutrients 2020, 12, 3822

Rural Epidemiology (PURE) study [41] showed that high carbohydrate consumption (over 60% of
daily calories) was linked with an adverse impact on total mortality and non-cardiovascular disease
mortality. On the other hand, higher fat consumption was associated with a lower risk of total mortality,
non-cardiovascular disease mortality, and stroke [41].

The direct and indirect influence on the central nervous system of KD can be observed in
the increasing of the cerebral blood flow, and the decreasing the mammalian target of rapamycin
(mTOR) [42] by the increase of the level of endothelial nitric oxide synthase protein expression,
but also passively (indirectly). The indirect, ‘passive’, effects on the central nervous system are
supposed to be mediated by microbiota through an increase of short-chain fatty acids and a decrease
of GABA [43]. Bacteria such as Akkermansia muciniphila and Lactobacillus are known as short-chain
fatty acid producers [44]. It is known that the KD induces anorexigenic effects: decreased adenosine
monophosphate-activated protein (AMP) phosphorylation, and an increase of post-meal free fatty acids.
KD has also appetite stimulant (orexigenic) abilities: it increases the brain’s GABA concentrations of
AMP, and decreases reactive oxygen species (ROS) [45].

In a study on the KD mechanism in epilepsy treatment—by Calderon et al.—in which rodents
were set on a two weeks KD trial, the ketone levels in their urine were measured along with GABA,
glutamate levels, and weight. Not only did the rats on KD gain weight by only about 1.2 g, whilst
the control group gained 20.8 g, but the levels of their neurotransmitters changed significantly in
favor of GABA. In probes of microdialysate, the glutamate levels declined non-significantly between
KD (3.5 ± 0.6 µM) and the control group (5.18 ± 0.73 µM) (p = 0.08), while the GABA levels were
significantly higher (47 ± 8 nM) in rats kept in the KD group compared to the control rats (26 ± 3 nM)
(p ≤ 0.03) [45]. This mechanism of KD could be supportive of anxiety disorder treatments.

1.2.2. Gut Microbiota and the Steroid Pathway in the Potentiation of GABA Transmission in
Low-Carbohydrate Diets

Furthermore, GABA can be synthesized by the gut microbiota residents: Lactobacilli and
Bifidobacteria (Lactobacillus brevis, Bifidobacterium dentium, Bifidobacterium adolescentis,
and Bifidobacterium infantis). Lactobacillus rhamnosus has been proven for its therapeutical potential
in modulating the expression of central GABA receptors, mediating depression and anxiety-like
behaviors [46], which links the possible anxiolytic outcome effect with the gut microbiome. It was
suggested that the LCHF diet, and—in general—the inhibition of glycolysis in the brain, could reduce
neuronal excitability through the potentiation of GABA transmission via the steroid pathway [47,48].
Forte et al. [47] reported a novel mechanism for the reduction of network hyperexcitability by the
inhibition of glycolysis, which involves the potentiation of the shunting inhibition in excitatory neurons,
in which a glucose analogue—2-deoxy-d-glucose—potentiates the extra-synaptic tonic GABAergic
current through the activation of neurosteroidogenesis. There seems to exist a linkage with the
gut–brain axis, neurosteroids, and GABA-A interplay, while neuronal GABA-A receptors are one of
the prime molecular targets of neurosteroids [49]. As some gut microbiota residents could be called
‘manufacturers of GABA’, the gut microbiota diversity seems to influence positively the circulating
steroid levels, in particular, that of allopregnanolone. Prebiotic consumption could improve frequently
co-existing anxiety disorder symptoms through the promotion of undisturbed non-rapid eye movement
(NREM) sleep and stress-related REM sleep rebound, and the prevention of stress-induced reductions
in gut microbial alpha diversity [49,50].

Increasingly, low-carb diets are being used to treat behavioral and mood disorders such as attention
deficit disorder, for which diets that are low in sugar and high in fatty acids are recommended [51].
Still, little is known about KD and gut microbiota dependence with regard to mental health. Mostly,
the evidence found focuses on the effect of KD on the gut microbiota of children with either
epilepsy [43,52–54] or autism [55]. Only some articles focus on adult patients, but most focus on
subjects with significant comorbidities; such literature is to be found on sclerosis multiplex, in which
KD restores the impaired gut microbiome in patients with sclerosis multiplex [56]. Similar data can be
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found on professional athletes; in a study by Murtaza et al. [57], the researchers found statistically
significant differences in some bacteria species between the stool microbiota profiles of those athletes
consuming the LCHF diet compared with their baseline measurements. Moreover, tests performed
on mice suggest a beneficial role of KD for gut microbiota [43,58]. As a ketogenic diet modifies the
gut microbiome, the preservation of proper gut health through the implementation of fermented
food (i.e., yogurt, water and milk kefir, kimchi, fermented vegetables) or pre/probiotics consumption
(which does not interfere with the assumptions of KD) seem important. It is possible that taking
probiotics could help prevent composition disorders of the gut microbiota as a consequence of chronic
stress, and the depletion of inflammation and the increasing of serotonin biosynthesis probiotics could
be an element of anxiety disorder relapse prevention.

1.2.3. Anti-Inflammatory Effect of the Ketogenic Diet and Fatty Acids

It is hypothesized that a ketogenic diet may reduce inflammation [59]. Compared with glucose
metabolism, the metabolism of ketone bodies produces fewer ROS, which contribute to inflammation.
Ketolytic metabolism produces fewer free radicals and ROS, affecting the mitochondrial Q coenzyme
pair and the cytoplasmic glutathione couple [59,60].

Some research indicates the benefit in the outcome of anxiety when the consumption of
particular fats in the diet is increased, i.e., the essential polyunsaturated fatty acids (EPUFAs),
also called vitamin F, and omega-3 fatty acids. The clinician-advised dosing of the two omega-3
fatty acids—eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)—is at least 1.5–2.5 g daily
consumption [61,62]. The American Psychiatric Association guidelines support omega-3 consumption
for the mentally ill, through the consumption of at least 1 g of EPA and DHA daily, which is in-line with
the guidelines of the American Heart Association [63]. DHA plays a role in the brain’s cellular structure
construction, because as much as 20% of the brain is composed of it. All omega-3 formulations exhibit
anti-inflammatory activity and help to maintain brain cells’ stability, with linkages to neurotransmitters’
(serotonin, dopamine) proper functioning [64]. Nowadays, with higher depression morbidity in society,
studies are showing that omega-3 fatty acids are eaten rarely and in lower doses than in the past
decades [64,65]. The proposed mechanisms of action are presented in Figure 1.
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Figure 1. Ketogenic diet mechanisms of action.
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1.2.4. The ‘Ketogenic Menu’

The ‘clean keto’ version of KD is mostly based on ‘healthy’ macronutrients, such as low-processed
food, i.e., fat sources such as free-range egg yolks, and polyunsaturated fatty acids such as olive, canola,
and grapeseed oil, oily fish, and nuts. As for proteins, fish, meat, cheese, egg whites (mostly high-fat
protein sources) are recommended, and carbohydrates are limited to mostly unprocessed, low glycemic
index carbohydrates (which are ‘smuggled’ through green vegetable consumption, brown rice, etc.).
A professional dietician’s guidance is advised. The previously-mentioned divalent ions linked to
anxiety can also be supplied in the LCHF menu, i.e., through zinc-rich foods such as oysters (which are
low-carbohydrate meals) and other seafood, etc. Magnesium can be found mostly in green leafy
vegetables, while selenium is found in seafood, poultry, fish, and eggs, which all are favorable choices
in LCHF diets [35].

A study on over 121,000 participants concluded that high stress and high neuroticism levels were
associated with poorer diet quality; however, poor diet quality did not predict emotional or mental
health problems [66]. Although the data suggest that enhancing diet quality may not hold promise in
preventing mental disorders, patients may benefit from a specific type of nutrition regimen whilst they
are mentally ill [67,68]. These findings could help establish the right dietary regimen to enhance the
GABAergic transmission and support the gut–brain axis.

2. Conclusions

Although there is a growing body of literature that links nutrition to mood, little can be found on the
proposed biological mechanisms of action of certain micro- and macronutrients on neurotransmission,
leaving studies with, mainly, epidemiological data [69,70]. There is also evidence with regard to the
gut–brain axis, in which some species of bacteria have the ability to generate the neuroendocrine
hormones and/or neuroactive compounds involved in a key aspect of neurotransmission [46], which may
be responsible for the anxiolytic effect. There is also the vital fact that metabolic acidosis—which is
a potentially life-threatening condition that can appear due to ketoacidosis caused by starvation,
diabetes, lactate acidosis, alcohol ingestion, or renal failure—is also represented by ketone bodies in
the urine and blood, but it differs in those levels of in the blood and urine (due to the lower blood pH
in ketoacidosis than in physiological ketosis) [71].

The findings rationalize the need for more detailed, longitudinal research on the ways in which
diet and microbiome interactions may be better understood and managed in order to optimize the
reduction of anxiety for the benefit of the patients. LCHF diets, in some anxiety disorders, may provide
a rewarding outcome, but more research is needed before this regimen can be recommended to patients
on a daily basis; however, the evidence mentioned in this paper should encourage psychiatrists
to recommend LCHF diets as advice somewhere between psychotherapy and pharmacology, or as
an add-on to those two. In our mind, the LCHF diet is a promising, well-accepted diet regimen
which has an impact on anxiety disorders, supporting mainly long-term relapse prevention strategies,
in combination with the already-approved strategies.
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Abstract: We examined the association of the dietary habits and the Mediterranean diet (MD) adherence
with sleep quality during pregnancy. A food frequency questionnaire and the Mediterranean Food
Pattern were employed to assess dietary habits and MD adherence, respectively. Sleep quality was
assessed with the Pittsburgh Sleep Quality Index (PSQI) global score (n = 150; mean age 32.9 ± 4.6 years).
A higher consumption of fruits was associated with better sleep quality at the 16th gestational week
(g.w.; p < 0.05). A greater olive oil consumption and a higher MD adherence were associated with better
sleep quality at the 16th and 34th g.w. (all, p < 0.05). Contrarily, a higher red meat and subproducts
consumption was associated with worse sleep quality at the 34th g.w. (p < 0.05). The group with the
highest adherence to the MD (Tertile 3) showed better sleep quality than the group with the lowest
adherence (Tertile 1) at the 16th and 34th g.w. (both, p < 0.05). A higher adherence to the MD, a greater
intake of fruits and olive oil and a lower intake of red meat and subproducts were associated with better
sleep quality along the pregnancy course, especially among sedentary women.

Keywords: dietary pattern; gestation; diet; sleep quality; Pittsburgh sleep quality index

1. Introduction

Sleep disturbances are common complaints during pregnancy, with recent studies suggesting
that almost 50% of expectant mothers experience poor sleep quality, with rates close to 75% by the
third trimester of pregnancy [1–3]. Assessments of sleep quality during pregnancy might be clinically
relevant given the evidence that poor sleep quality is linked with an array of adverse health outcomes
including inflammation, metabolic syndrome and type 2 diabetes [1,4–6]. Moreover, recent hypotheses
suggest that poor sleep quality is associated with negative birth outcomes such as increased odds of
preterm birth, caesarean section, shorter length of gestation and longer labor [1,6,7], whereas good
sleep quality is associated with a better Apgar score among neonates and birth weight [8].

Considering the impact of sleep-related habits on adverse health outcomes, it is crucial to investigate
and identify potential dietary determinants of sleep quality during pregnancy [9]. Among the many

Nutrients 2020, 12, 3569; doi:10.3390/nu12113569 www.mdpi.com/journal/nutrients103
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factors studied that could exert an influence on sleep quality, diet seems to have an impact on both
sleep quality and its related health outcomes [4]. Indeed, sleep and diet are strongly interrelated,
with recent studies [4,10–12] suggesting a bi-directional association: poor sleep quality may negatively
affect dietary habits by reducing overall diet quality and increasing appetite and caloric intake [11],
while at the same time food choices might influence sleep quality [12]. With this in mind, poorer
dietary patterns, such as those characterized by a high fat and sugar content, have been linked to
worse sleep quality in all age groups [13–15]. On the contrary, cross-sectional studies [9,11,16] have
shown that diets with a high intake of fruits and vegetables and a lower intake of saturated fatty acids,
such as the Mediterranean diet (MD), might be beneficial for sleep quality in the adult population.
Although these observations helped to establish a sleep–diet relation, little is known about how the
MD adherence and its components may be linked to measures of sleep quality in pregnant women.
Therefore, the aim of the present study was to explore the association of dietary habits and the MD
adherence with sleep quality during pregnancy.

2. Materials and Methods

2.1. Study Design and Participants

The present cross-sectional study forms part of the GESTAFIT project, where a novel exercise
intervention was conducted [17]. The entire methodology of the project, the inclusion–exclusion
criteria and the sample size calculation to detect clinically meaningful changes in the intervention
program have been published elsewhere [17]. The required sample size was only determined for the
primary outcome (maternal weight gains and maternal/neonatal glycemic profile) of the GESTAFIT
project. A total of 159 Spanish pregnant women (32.9 ± 4.6 years old) enrolled in this study in three
waves (from November 2015 to March 2017), for feasibility reasons. The participants were recruited
between the 11th to 13th gestational weeks (g.w.) at the “San Cecilio” University Hospital (Granada,
Spain) during their first gynecologist checkup. This study was approved by the Ethics Committee on
Clinical Research of Granada, Regional Government of Andalusia, Spain (code: GESFIT-0448-N-15).
The procedures described in the manuscript have been carried out in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki). From the 159 pregnant women recruited,
this cross-sectional study included 150 women (mean age 32.9 ± 4.6 years) at the 16th g.w. who had
valid data in the food frequency questionnaire and the Pittsburgh Sleep Quality Index (PSQI; Figure 1).
From the 150 pregnant women, 32 had missing data in the food frequency questionnaire and/or the
PSQI global score at the 34th g.w. As a result, a total of 118 pregnant women were included for the
present analyses at the 34th g.w.

2.2. Sociodemographic Characteristics

The evaluation procedures were carried out at the 16th and 34th g.w. at the Sport and Health
University Research Institute (iMUDS). The assessments were conducted in a single day. At the 16th
g.w., data regarding sociodemographic and lifestyle characteristics (i.e., age; educational, marital and
working status; number of children; smoking habit and physical or psychological disease diagnosis)
were collected through an initial survey (anamnesis).

2.3. Maternal Anthropometry and Body Composition

Pre-pregnancy body weight was self-reported. Body weight and height were measured using
a scale (InBody R20; Biospace, Seoul, Korea) and a stadiometer (Seca 22, Hamburg, Germany),
respectively. Those measurements were employed to calculate pre-gestational body mass index and
body mass index at the 16th gestational week as weight (kg) divided by squared height (m2).
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Figure 1. Flow diagram of the study participants.

2.4. Dietary Assessment

Dietary habits were collected by using the food frequency questionnaire designed by
Mataix et al. [18]. The same trained nutritionist administered the questionnaires to pregnant women at
the 16th and 34th g.w.

The Mediterranean Food Pattern (MFP; a Mediterranean adherence score) was constructed with
the data obtained from the food frequency questionnaire [18]. We employed this dietary index
because it was previously associated with lower cardiometabolic risk along the pregnancy course
in this study sample (submitted data). The MFP was calculated based on previously published
literature [19]. It consists of eight elements (olive oil, fiber, fruits, vegetables, fish, cereals, meat and
alcohol) ranging from 5 to 40. Notwithstanding, alcohol consumption was not considered when
calculating the total score. Thus, the maximum score ranges from 4 to 35, where higher scores indicate
greater MD adherence.

2.5. Sleep Quality

The Spanish version of the PSQI [20] was employed to assess sleep quality, since the PSQI has
been shown to have a good construct validity among pregnant women [21]. The PSQI is a self-rated
questionnaire that measures sleep quality from the previous month, comprising 19 questions divided
into seven categories: subjective sleep quality, sleep latency, sleep duration, sleep disturbances, sleep
efficiency, use of sleep medication and daytime dysfunction. Each component scores from 0 to 3, with a
total score that ranges from 0 to 21 with lower values indicating better sleep quality [20]. The suggested
cutoff is 5 points differentiating “good” from “bad” sleepers [20].
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2.6. Statistical Analyses

Descriptive statistics (mean (standard deviation) for quantitative variables, and number of women
(%) for categorical variables) were employed to describe participants’ sociodemographic characteristics.
The distribution of the data was examined for all the study variables, and the PSQI global score showed
a skewed distribution that could not be normalized after several transformations (e.g., logarithmic
transformations). Subsequently, we performed Spearman’s correlation analysis between the dietary
habits, the MFP score and the PSQI global score at the 16th and 34th g.w. Differences between
dietary habits, MFP and PSQI global score by the g.w. (16th g.w. versus 34th g.w.) were tested
using the Wilcoxon nonparametric test. The PSQI global score was compared across tertiles using
the Kruskal–Wallis test. Post-hoc multiple comparisons with Bonferroni’s correction were applied
to examine pairwise differences between groups (e.g., Tertile 1 vs. Tertile 3). In order to avoid the
discrepancies noted in the literature among the large range of cutoff points for the different tools
employed to assess dietary patterns during pregnancy, the MFP was also dichotomized using the
50th percentile with participants being categorized as having low or high adherence, as performed in
previous studies [22,23] (Figure S1). Subsequently, the PSQI global score was compared between these
dietary indices groups by using the Mann–Whitney U nonparametric test. We performed additional
analyses to further explore whether several factors including pre-gestational BMI and the concurrent
physical exercise program, which was carried out in the GESTAFIT project [17], exerted an influence on
the studied associations. Spearman’s correlations were employed to assess the association between the
dietary habits, the MFP and the PSQI global score at the 16th and 34th g.w. according to pre-gestational
BMI categories and exercise intervention (intervention or control). All analyses were performed using
the Statistical Package for Social Sciences (IBM SPSS Statistics for Windows, version 22.0, Armonk, NY,
USA); the level of significance was set at p < 0.05.

3. Results

Sociodemographic characteristics of the participants are shown in Table 1.
Spearman’s correlation analysis assessing the association of dietary habits and the MD adherence

with the PSQI global score at the 16th and 34th g.w. is shown in Table 2. At the 16th g.w., a higher
consumption of fruits, olive oil and a higher MD adherence were associated with a lower PSQI global
score (i.e., better sleep quality; p = 0.008, p = 0.048 and p = 0.039, respectively). In addition, a higher red
meat and subproducts consumption was associated with a higher PSQI global score with borderline
significance (i.e., worse sleep quality; p = 0.078). At the 34th g.w., a higher consumption of olive oil
and a higher MD adherence were associated with a lower PSQI global score (p = 0.038 and p = 0.001,
respectively). A higher red meat and subproducts consumption was associated with a greater PSQI
global score (p = 0.032).

The PSQI global score at the 16th and 34th g.w. by tertiles of the MFP is shown in Figure 2.
Pairwise comparisons showed that the group with the highest score (Tertile 3) in the MFP had a
lower PSQI global score than the group with the lowest score (Tertile 1) at the 16th g.w. and 34th g.w.
(p = 0.038 and p = 0.005, respectively).

The PSQI global score at the 16th and 34th g.w. according to the 50th percentile of the MFP [19] is
shown in Figure S1. The group with the highest score (above the 50th percentile) in the MFP [19] had a
lower PSQI global score than the group with the lowest score (below the 50th percentile) at the 16th
and 34th g.w. (p = 0.008 and p = 0.005, respectively).

Differences between the dietary habits, the MFP and the PSQI global score by g.w. (16th g.w.
versus 34th g.w.) are shown in Table S1. Regarding dietary habits, pregnant women at the 34th g.w.
had higher intake of fruits, vegetables and whole dairy products (p = 0.010, p = 0.014 and p = 0.044,
respectively). No differences were found regarding MFP adherence (p > 0.05). In addition, pregnant
women at the 34th g.w. had a higher PSQI global score (p < 0.001).

106



Nutrients 2020, 12, 3569

Table 1. Descriptive characteristics of the study participants (n = 150).

Variable Mean (SD)

Age (years) 32.9 (4.6)
Pre-gestational body mass index categorization (n = 136)

Normal weight (n %) 87 (64.0)
Overweight (n %) 34 (25.0)

Obese (n %) 11 (11.0)
16th gestational week

Body mass index (kg/m2; n = 148) 24.9 (4.1)
Pittsburgh Sleep Quality Index global score (0–21) 6.01 (3.2)

Poor sleep quality (n %) 72 (48.0)
Mediterranean Food Pattern (4–35) 20.6 (5.1)

34th gestational week (n = 118)
Pittsburgh Sleep Quality Index global score (0–21) 8.83 (3.76)

Poor sleep quality (n %) 89 (75.4)
Mediterranean Food Pattern (4–35) 21.1 (5.4)

Educational Status n (%)
Non-university studies 62 (41.3)

University studies 88 (58.7)
Marital status

Single/divorced 62 (41.3)
Married 88 (58.7)

Working status
Not working (unemployed/homework/student/sick leave) 48 (32.0)

Part-time employment/full-time employment 102 (68.0)
Number of children

0 90 (60.0)
1 or more 60 (40.0)

Smoking status ((yes, n (%)) 13 (8.7)
Physical or psychological disease diagnosis ((yes, n (%)) 61 (40.7)

Values shown as mean (SD) unless otherwise indicated. SD—standard deviation.

Table 2. Association between the Mediterranean Food Pattern and the Mediterranean diet components
with the Pittsburgh Sleep Quality Index global score at the 16th gestational week (n = 150) and 34th
gestational week (n = 118).

Food Groups
PSQI Global Score a

(16th Gestational Week)
PSQI Global Score a

(34th Gestational Week)

Whole-grain cereals (s/week) −0.056 −0.158
Potatoes (s/week) −0.012 0.099

Fruits (s/day) −0.216 ** −0.126
Vegetables (s/day) −0.025 −0.089

Pulses (s/week) 0.112 0.043
Fish (s/week) 0.032 −0.087

Red meat and subproducts (s/week) 0.144 0.198 *
Poultry (s/week) 0.064 0.101

Whole dairy products (s/week) 0.012 −0.094
Olive oil (s/week) −0.162 * −0.192 *

Nuts (s/week) −0.096 −0.160
Sweets (s/week) 0.048 0.138

Mediterranean Food Pattern (4–35) −0.169 * −0.301 **
a A higher score means worse sleep quality. PSQI—Pittsburgh Sleep Quality Index; s—servings. * p < 0.05; ** p < 0.01.

The association between the dietary habits, the MFP and the PSQI global score at the 16th and 34th
g.w. according to pre-pregnancy BMI categories and the exercise intervention (intervention or control)
are shown in Tables S2 and S3. In the control group, a higher consumption of fruits was associated with
better sleep quality at the 16th g.w. (p < 0.01). Olive oil and a higher MFP were associated with better
sleep quality at the 16th and 34th g.w. (all, p < 0.05). All the previous associations were not significant
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in the intervention group (p > 0.05). Regarding pre-pregnancy BMI categories, a higher intake of fruits
and olive oil were associated with better sleep quality at the 16th g.w. in normal-weight pregnant
women and overweight/obese participants, respectively (both, p < 0.05). At the 34th g.w. a higher
intake of olive oil and MD adherence were associated with better sleep quality among normal-weight
participants (both, p < 0.05). A higher MD adherence was associated with better sleep quality in
overweight/obese participants at the 34th g.w. (p < 0.05).

Figure 2. Pittsburgh Sleep Quality Index global score by tertiles of Mediterranean Food Pattern
adherence. Box plots demonstrating median, upper and lower quartiles and the minimum and
maximum Pittsburgh Sleep Quality Index global scores at the 16th (n = 150) and 34th (n = 118)
gestational weeks. a—indicates a significant difference (p< 0.05) between groups. Pairwise comparisons
were performed with Bonferroni‘s adjustment. (A) Pittsburgh Sleep Quality Index global score by the
Mediterranean Food Pattern tertiles at the 16th gestational week. (B) Pittsburgh Sleep Quality Index
global score by the Mediterranean Food Pattern tertiles at the 34th gestational week.

Differences between the PSQI global score by exercise intervention (control versus intervention)
are shown in Table S4. No differences between groups were found regarding the PSQI global score by
exercise intervention (p > 0.05).

4. Discussion

The main finding of the present study is that a greater adherence to the MD was associated
with better sleep quality during both the 16th and 34th g.w., especially among sedentary pregnant
women. In addition, a greater consumption of fruits and olive oil and a lower intake of red meat and
subproducts (i.e., beef, pork, viscera and cold meat products) were associated with better sleep quality
along gestation. Moreover, pregnant women with the highest adherence to the Mediterranean dietary
pattern (Tertile 3) showed better sleep quality than the groups with the lowest scores (Tertile 1) during
both the 16th and 34th g.w.

Sleep quality is often compromised in pregnant women and aggravated over the course of
pregnancy [24]. A recent study [25] reported that 47% of pregnant women had poor sleep quality
(as measured by the PSQI) between the 12th and 20th g.w., similar to our results for the 16th g.w. (48%).
Moreover, sleep quality significantly decreased from second to third trimester, with 75% of pregnant
women reporting poor sleep quality at the 34th g.w., which is in agreement with a previous study that
showed that 75–83% of pregnant women had poor sleep quality in the third trimester of pregnancy
(7–8 months) [3].
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Comparing the early second trimester with the third trimester, we observed a significantly higher
intake of fruits, vegetables and dairy products in the third trimester, as previously reported [26]. It is
possible that participants might have increased their fruit, vegetable and dairy product intakes due to
nutritional advice, which usually promotes fruit, vegetable and dairy consumption in order to meet
the nutritional requirements of pregnancy [27]. However, our results showed that adherence to the
Mediterranean diet remained unchanged across pregnancy. This finding suggests that food behavior
of our sample did not change during gestation, which concurs with previous studies [28,29]. Moreover,
during early gestation, food intake can be often affected by nausea and vomiting, physiological
phenomena linked to hormonal changes during this period [30]. However, women recruited in this
study were all past the 13th week of gestation, which could partially explain the lack of differences
between food habits between different gestational stages.

It has been established that poor sleep quality negatively affects dietary habits by reducing
overall diet quality and increasing appetite and caloric intake [11]. Notwithstanding, recent data also
suggest a bi-directional association by which food choices might positively influence sleep quality [12].
Recent studies [9,11] showed an association between the adherence to the Mediterranean dietary pattern
and sleep quality, suggesting that plant-rich diets might be beneficial for sleep in the adult population.
However, evidence in pregnant women is scarce. A study conducted by Chang et al. [31] on overweight
and obese pregnant women showed direct associations between sleep disturbances and dietary fat
intake and also between shorter time taken to fall asleep and a higher fruit and vegetable intake.
Nonetheless, neither diet quality nor dietary patterns were included in these studies. In agreement
with our findings, a more recent study [24] showed that better sleep quality was associated with greater
diet quality and a greater adherence to a dietary pattern based on fruits, vegetables and rice. In the
present study sample, a higher MD (a diet high in fruits, vegetables and fiber and low in saturated
fatty acids) adherence was associated with better sleep quality over the course of pregnancy.

Further, participants with the highest MD adherence (Tertile 3) had better sleep quality during the
pregnancy course than the groups with the lowest scores (Tertile 1). This concurs with a previous study
in a non-pregnant adult population in which individuals with a greater adherence to the Mediterranean
dietary pattern presented overall better sleep quality compared to those with less adherence [9].
Moreover, if such an eating pattern influences sleep during pregnancy, it is not clear which specific
component or components of the Mediterranean dietary pattern would exert a stronger influence.
To further explore this issue, we also studied the different food groups that comprise the Mediterranean
dietary pattern, finding that a higher intake of fruits and olive oil and a lower intake of red meat and
subproducts were associated with better sleep quality during pregnancy. A previous study [9] checked
if any of the MD components alone could explain the association of the MD score with better sleep
quality, suggesting that olive oil consumption itself might play an independent role in sleep quality,
which is highly in agreement with our results. Regarding fruits, it has been suggested that the odds
of meeting or exceeding the sleep recommendations (i.e., 7–9 h per day for adults aged 18–64 years
old) increase by 12% in pregnant women for every additional fruit serving consumed [32]. Similarly,
a study conducted in women within 5 years of childbirth found that women with longer sleep duration
(≥ 9 h) had poorer overall diet quality, a lower intake of fruits and a higher intake of calories from solid
fats and added sugar, compared to women with an adequate sleep duration (7–8 h) [33]. Evidence also
suggests that diets rich in fats and carbohydrates, with a tendency to include snacks between meals,
are associated with poorer sleep quality and fewer sleeping hours in the general population [13,14,34].
The MFP, which was employed to calculate the MD adherence, does not directly assess sugary food
intake. For this reason, the sweets variable (including soft drinks, preserved juices, biscuits, baked
goods and chocolate) was additionally calculated, as it represents an important component of unhealthy
dietary habits. Sweets intake in this study sample was slightly greater than one serving per day,
an amount that is within the recommended intake of sugary foods (< 3 servings/day) accordingly to
the final nutritional objectives for Spanish population [35]. This result could be due to the limitation of
the items of the food frequency questionnaire itself or to underreporting but could also be derived
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from the wish of the mothers to follow healthier dietary patterns during pregnancy, avoiding highly
processed foods. Moreover, the observed lower sugary food intake in this group could also explain
why no correlations were found between them and the PSQI global score.

In this study sample, a higher intake of red meat and subproducts were associated with poorer
sleep quality along gestation. Similarly, a study conducted by Lana et al. [36] suggested that a high
protein intake derived from meat (white or red meat) was associated with poor sleep quality in
the non-pregnant adult population. The detrimental effect of red meat and subproducts on sleep
quality might be exerted through the protein content of meat as previously stated [36]. The effects
of protein on sleep quality could be related to two amino acids (tryptophan and tyrosine) and their
capacity to synthesize melatonin, serotonin and dopamine (involved in the sleep–wake cycle) [36].
It has been suggested that a high consumption of protein could reduce the blood circulation ratio of
tryptophan/tyrosine, which could result in a lower synthesis of brain sleep inductors and consequently
a deterioration of sleep parameters, which is in agreement with our findings [36–38]. Other food
groups that are naturally rich in protein and were tested in this study (e.g., dairy, poultry) did not
show significant results between them and the PSQI global score. Due to the fact that red meat and
subproducts intake was the most consumed group of meat, this finding might overlap the potential
influence of other sources of animal protein.

Previous literature showed that BMI and exercise were associated with sleep quality [39–41].
We further studied how these variables affected the association between MD adherence and sleep
quality. We found that a higher intake of fruits and olive oil (at the 16th g.w.) and a higher consumption
of olive oil and a higher MD adherence (at the 34th g.w.) were associated with better sleep quality
independently of pre-pregnancy BMI categories. Regarding the exercise intervention, we found that in
the control group a higher consumption of fruits, olive oil and a higher MD adherence were associated
with better sleep quality along the pregnancy course. Nevertheless, all of the previous associations
disappeared in the intervention group, suggesting that the diet was more effective in improving
sleep quality in the control sedentary group. This might be partially explained by the effect that the
exercise training could have had by itself regardless of maternal diet. Previous studies [42,43] have
reported that after a period of 8–10 weeks of concurrent training, sleep quality improved, suggesting
that the improvements could lead to a state of the melatonin hormone being secreted by the allergic
pineal glands, which has a hypnotizing effect with central body temperature. Anabolic activity is also
stronger during sleep, whereas the catabolic activity is more intense during vigilance. Therefore, for a
possible balance of energy, the body consumes more energy to relax, and the body tends to increase
sleep duration.

It has been suggested that the high isoflavone and tryptophan content of plant-based diets
(e.g., Mediterranean diets) may be the mechanism by which plant foods enhance sleep quality [11].
Interestingly, in a subsample of participants from the PREDIMED study, participants in the two
Mediterranean diet groups showed an increment in tryptophan concentrations, and this was related to
lower non-stroke outcomes [44]. The authors suggested that changes in tryptophan may be involved
in the cardioprotective effects of the Mediterranean diet [44]. Sleep and sleep-related metabolite
derivatives of tryptophan, melatonin and serotonin were not measured in this study. Nevertheless,
given our understanding of tryptophan metabolism, sleep improvements may have further played a
role in this result [11].

When considering the results of the present study, some limitations ought to be kept in mind.
Firstly, the cross-sectional design of the study provides information without a clear cause–effect
identification. As a result, we cannot determine whether a healthier diet affects sleep quality or, on the
contrary, sleep features lead to unhealthy dietary behaviors. Secondly, since we employed a food
frequency questionnaire in order to assess dietary habits, we are aware of its recall bias and its lower
accuracy when compared to a 24 h food diary. Nonetheless, the food frequency questionnaire (which is
widely employed in nutritional epidemiology) was conducted by the same trained nutritionist along
the pregnancy course. Importantly, both sleep quality and the dietary adherence were self-reported.
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While PSQI is a widely employed tool validated in pregnant population [21], it is not as valid as an
objective measure of sleep such as polysomnography.

5. Conclusions

The present study provides some evidence linking the Mediterranean dietary pattern to better sleep
quality during pregnancy, especially among sedentary women. Specifically, a higher intake of fruits
and olive oil, a lower intake of red meat and subproducts and a greater adherence to the Mediterranean
dietary pattern are associated with better sleep quality along the pregnancy course. Given the limited
number of studies available, further research is warranted to explore the impact of maternal healthy
dietary habits on sleep quality during pregnancy and investigate causality and its mechanisms.
Intervention studies are warranted to explore whether plant-based diets (e.g., the Mediterranean
dietary pattern) might positively influence sleep quality during gestation.
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Abstract: Background: The relationship between food insecurity and the experience of sleep
disturbance has received little attention among researchers, although food insecurity is associated
with poor physical and mental health globally. This study aimed to investigate the relationship between
food security status and sleep disturbance among adults 20–64 years old. Methods: The study’s
population-based sample included 20,212 Indonesian adults who participated in the fifth wave
of the Indonesia Family Life Survey (IFLS5) in 2014. Dietary intake data, gathered using a food
frequency questionnaire (FFQ), were used to assess the food security status. Sleep disturbance was
assessed using the 10-item Patient-Reported Outcomes Measurement Information System (PROMIS)
questionnaire. We used multiple linear and logistic regression models to test the study hypothesis.
Results: A higher likelihood of experiencing sleep disturbance was recorded in people aged older
than 56 years (OR = 1.78, 95% CI: 1.17–2.72, p = 0.007), people with depressive symptoms (OR = 3.57,
95% CI: 2.77–4.61, p < 0.001), and food-insecure people (OR = 1.32, 95% CI: 1.02–1.70, p = 0.036).
A lower likelihood of experiencing sleep disturbance was recorded in people with low educational
attainment (OR = 0.41, 95% CI: 0.30–0.57, p < 0.001). Sleep disturbance was dependent on the food
consumption groups and food security status among men (p = 0.004). Conclusions: Sleep disturbance
may be affected by the food-insecure status of adults, and later, may lead to serious health outcomes.

Keywords: food insecurity; sleep disturbance; adults; cross-sectional study

1. Introduction

Food insecurity is a public health problem that exists globally, including in developing countries.
Food insecurity is the disruption of dietary patterns or nutrient intake because of a lack of finances and
other resources [1]. In the USA, researchers have estimated that food insecurity affects 9–14% of adults
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aged 24–32 years, and shows higher rates among women and low-income adults [2–4]. Meanwhile,
developing countries, such as Indonesia, have reported a high prevalence of food insecurity, with as
many as 19.4 million people out of a population of 258.7 million who were unable to meet their
dietary requirements [5]. Food-insecure people may encounter anxiety or stress from uncertainty about
fulfilling their food requirements or other necessities. The anxiety and stress may lead to depressive
symptoms and affect their quality of sleep [6,7]. Poor sleep quality, such as short sleep duration,
the presence of sleep disturbance, or difficulty getting to sleep, is associated with the possibility of
chronic disease later in life [8–10]. Sleep disturbance is known to be a big problem in developed
countries. In the United States, the National Institutes of Health stated that in 2017, about thirty percent
of people reported getting less than seven hours of sleep each night [11]. The problem has begun to
slide to low-to-middle-income countries, which reported about ten percent of people having severe
sleeping problems [12,13]. People with sleep disturbances have reported difficulties with concentrating
during the day and feeling restless, anxious, and depressed [14,15]. On the other hand, depressed
people may also experience economic difficulties, which leads to food insecurity [16,17]. People with
food insecurity are known to be vulnerable and more likely to develop chronic diseases or experience
poorer mental health. However, the relationship between food insecurity and sleep disturbance is
rather vague. This study’s objective was to determine the relationship between food security statuses
and sleep disturbance using a nationally representative sample of adults aged 20–64 years in Indonesia.

2. Materials and Methods

2.1. Study Participants and Data Source

This cross-sectional study used the secondary longitudinal data of the fifth wave of the Indonesian
Family Life Survey (IFLS5) that was conducted in 2014. The initial survey (IFLS1) was conducted in
1993, representing about 80 percent of the Indonesian population. The IFLS5 datasets were anonymous,
included participants of all ages, and were available for researchers who met the criteria based on
the RAND Corporation guidelines about the dataset usage [18]. The institutional review board (IRB)
review of the IFLS studies went through the sufficient and appropriate review that followed the IRB
guidelines and was approved by both the RAND Corporation and Indonesia’s Institutions, in particular,
the Survey Meter institution for the IFLS5 study [18,19]. The total number of participants for the
IFLS5 were 34,464 people, aged from zero to older than 80 years old. The present study included
participants who had complete data relating to food, anthropometric characteristics, sociodemographic
characteristics, blood pressure, depressive symptoms, and sleep disturbance. We excluded participants
who had been diagnosed with cancer, chronic diseases (e.g., diabetes and cardiovascular diseases),
had a disability, or who were breastfeeding or pregnant in order to minimize the probability of sampling
bias. Therefore, 20,212 participants aged 20–64 years old were included in the present study.

2.2. Assessment of Sleep Disturbance

The assessment of sleep disturbance was based on the guidelines of the Patient-Reported Outcomes
Measurement Information System (PROMIS) [20,21]. The IFLS5 used self-reported answers to ten
questions based on the PROMIS questionnaire for the assessment of sleep deprivation and sleep
quality [18]. Each question on the questionnaire was rated using a one-to-five scale (never, rarely,
sometimes, often, and always, respectively). The total score range of the ten questions was then
summarized with a range from 10 to 50, which was the so-called total raw score. We used a t-score
table to identify the t-score that related to every participant’s total raw score and the information was
attached to a t-score row based on its value. The t-scores were interpreted as “none to slight” for the
participants with scores <55, “mild” for the participants with scores 55.0–59.9, and a combination
of “moderate to severe” for the participants with scores >60 [20–22]. For the purposes of this study,
we also categorized the data into two groups: participants whose sleep disturbance was “mild or less”
or “greater than mild.”
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2.3. Assessment of Food Security Status

The assessment of food insecurity is associated with a person’s lack of secure access to fulfilling
their need for a nutritious diet in a sufficient amount to keep an active healthy life, considering both
the food frequency and food diversity [23–25]. There are several ways to assess food insecurity at
the individual level [26–28]. One of the assessments of the food insecurity concept was developed
using the food frequency questionnaire (FFQ). The World Food Programme (WFP) introduced this
concept to assess food consumption analysis by producing food consumption scores (FCSs) and cut-off
points for food insecurity [24,25]. The FCSs allow data to be categorized into three food consumption
groups (FCGs) consisting of poor, borderline, and acceptable groups. Furthermore, the ten food items
listed on the IFLS5 food frequency questionnaire were included in the food consumption analysis.
The IFLS5 FFQ asked about ten food types that were eaten by the participants during the last seven
days before the interview. We then grouped these ten food types into five food groups. The first group
was the staple group, consisting of sweet potato. The second group was the protein group, consisting
of eggs, fish, and meats. The third group was dairy products. The fourth group was the fruit group,
consisting of banana, mango, and papaya. The last group was the vegetable group, consisting of green
leafy vegetables and carrots [23–25]. The score for each food group was then summed as the food
consumption score in the form of continuous data. The “poor” food consumption group included
participants who had an FCS lower than 21. The “borderline” FCG included participants who had
food consumption scores that lay between 21 and 35. The “acceptable” FCG included participants who
had food consumption scores higher than 35 [24]. The “poor” FGC and “borderline” FGC participants
were defined as food-insecure persons [25,29].

2.4. Assessment of Covariates

The covariates of the present study were anthropometric characteristics, blood pressure, physical
activity, and sociodemographic measurements. We used the body mass index, and additionally, for the
participants aged 40 years and older, the measurements of the waist circumference and the body shape
index [30–32] were added. Furthermore, the adult body mass indices (in kg/m2) adopted the Indonesian
cut-off points [33]. The body mass index (BMI) was categorized into “normal weight” for participants
with a BMI between 18.5 to 25.0, “overweight” for participants with a BMI between 25.1 to 27.0,
and “obese” for participants with a BMI higher than 27.0 [34]. The definition of abdominal obesity
used the waist circumference measurement with two cut-off points (for men: >90 cm, for women:
>80 cm). Trained nurses performed the anthropometric and blood pressure measurements. For the
blood pressure measurements, the participants were in the seated position. Participants were defined
as having hypertension if the systolic blood pressure (SBP) was ≥140 mmHg or the diastolic blood
pressure (DBP) was ≥90 mmHg, or if they had been diagnosed by paramedics before the interview or
were currently consuming blood pressure-lowering medication [32].

Furthermore, physical activity was assessed using the number of days on which respondents had
done two types of physical activity (i.e., vigorous and moderate) within the last seven days before the
survey. We considered the volume of physical activity (PA) to be a continuous variable in the analysis.
Respondents answered the self-reported questionnaires in terms of whether they had engaged in
physical activities for at least ten minutes continuously during the last seven days. If the respondents
said yes, then they were further asked about the number of days on which they had done each type
of physical activity. Eight and four metabolic equivalent of tasks (METs), respectively, were then
multiplied by the minutes and days of each type of physical activity to form the physical activity
volume (in METs minutes/week) [35]. For example, the vigorous physical activity volume formula was
the minutes/day multiplied by days/week of doing vigorous PA multiplied by eight METs.

The sociodemographic variables included smoking habits, educational attainment, living area,
and marital status, which were presented as categorical data. The smoking habits of the participants
were categorized into never (never had a smoking habit), current smoker (currently has a smoking
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habit), and former smoker (has stopped a smoking habit). The participants’ educational attainment
was categorized into low: <12 years of school attainment, and high: ≥12 years of school attainment.

Depressive symptoms were defined using the score of the questionnaire about mental health.
The IFLS5 used the ten-item self-reported questionnaire from the Center for Epidemiologic
Studies–Depression (CES-D) to assess the mental health of the adult participants. Some prior researchers
have used the 10-CES-D questionnaire to assess adults’ depressive symptoms [36,37]. The form of the
responses to the 10-CES-D questionnaire was based on four scale items: less than one day (rarely or
never), one to two days (some days), three to four days (occasionally), and five to seven days (most of
the time). The scores of the 10 questions were then added, resulting in a score ranging from ten to forty.
Furthermore, the score was rebased so that the lowest score was zero and the highest score was thirty.
The highest score identified people with the most symptomatology of depression [38]. The cut-off
point for defining a person as having a risk of heightened depressive symptoms was a score higher
than or equal to ten [39,40].

2.5. Statistical Analysis

The present study used secondary data from the IFLS5 (2014). The characteristics of participants
were presented as a mean and standard deviation for the continuous data and as numbers with
percentages for the categorical data. We used one-way ANOVA for the continuous data, with the
Bonferroni post hoc test or chi-squared test for the categorical data to compare the values between groups.
Furthermore, we used the regression model to assess the relationship between sleep disturbance and
depressive symptoms by food consumption group. Furthermore, we also used the sleep disturbance
score and CES-D-10 score as continuous data in the linear regression analysis and as categorical data
in the logistic regression analysis. To assess the relations of interest, we used a linear and logistic
regression model, which was presented using an exponentiated beta coefficient or odds ratio and
a 95% confidence interval, respectively. Moreover, this study used three models that accounted for
various potential confounders in the multiple logistic regression model. The three models were an
unadjusted model, a model with adjustment for age and sex, and a model with a complete adjustment;
the complete adjustment was an adjustment for age, sex, educational attainment, marital status,
BMI, living area, blood pressure, smoking habit, and physical activity volume. We used a similar
sequence of adjustments for potential confounders, which were also used for the linear regression
models. Statistical significance was designated as a p-value < 0.05. We conducted a multivariate
test to identify the characteristics related to sleep disturbance and depressive symptoms, which
were analyzed in a separate model. Covariates in these two models included sex, age group, living
area, educational attainment, smoking status, blood pressure, physical activity volume, and body
mass index. All the analyses were conducted using STATA statistical software (v16.1; StataCorp LP,
College Station, TX, USA).

3. Results

This cross-sectional study included 20,212 participants (women = 10,070, men = 10,142) from
the IFLS5 dataset (Table 1). The flowchart related to the selection of the participants is shown in
Figure S1. The mean age of the participants was 39 (standard deviation (SD): 11) years old. Most of the
participants had low educational attainment, were currently or ever married, living in urban areas,
and had never had a smoking habit. Additionally, most of the participants aged 40 years and older had
abdominal obesity, which was observed in 4494 (51.54%) people. The prevalence of food insecurity
in this study was 53.86%, or 10,886 of the total participants. Among the food-insecure participants,
women represented as many as 5602 (51.46%) people, low education attainment was found in 6832
(62.76%) people, people who were currently married or had a marriage experience constituted 9707
(89.17%) people, and the number of people who lived in urban areas was 6041 (55.49%). Most of the
food-insecure participants, i.e., 6544 (60.11%) people, never had a smoking habit, whereas 3944 (36.23%)
people reported that they had quit smoking. We found that 191 (1.75%) food-insecure participants were
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taking blood-pressure-lowering medication and 61 (0.56%) people were taking cholesterol-lowering
medication. Furthermore, 2294 (49.95%) people aged 40 years old and older among the food-insecure
groups had abdominal obesity. We found that the number of people with depressive symptoms among
the food-insecure group was 3808 (34.98%). Furthermore, 595 (56.67%) of the food-insecure participants
were experiencing “mild” sleep disturbance, whereas 168 (62.92%) of the food-insecure participants
were experiencing “moderate-to-severe” sleep disturbance. The means of the systolic blood pressures
and vigorous physical activity volumes of the food-insecure participants were higher than those in the
food-secure group (p < 0.001).

Figure 1 shows the prevalence of sleep disturbance by FCG for women and men. Among men,
participants reported a “none-to-slight” sleep disturbance level for 94.17% (n = 4575) of the acceptable
FCG, 93.54% (n = 3260) of the borderline FCG, and 92.22% (n = 1659) of the poor FCG. Participants
reported a “mild” sleep disturbance level for 5.00% (n = 243) of the acceptable FCG, 4.99% (n = 174)
of the borderline FCG, and 6.06% (n = 109) of the poor FCG. Furthermore, participants reported a
“moderate-to-severe” sleep disturbance level for 0.82% (n = 40) of the acceptable FCG, 1.46% (n = 51)
of the borderline FCG, and 1.72% (n= 31) of the poor FCG. The level of sleep disturbance was dependent
on the food consumption group or food security status among men (p = 0.004).

−

off values ≥10.

participants reported a “none slight” sleep disturbance level for 94.17% (

reported a “mild” sleep disturbance level for 5.00% (

“moderate ” sleep disturbance level for 0.82% (

 

participants reported a “none slight” sleep disturbance level for 93.93% (

poor FCG. Participants reported a “mild” sleep disturbance level for 4.74% (

participants reported a “moderate severe” sleep disturbance level for 1.32% (

Figure 1. Prevalence of sleep disturbance among men (left) and women (right) by food consumption
group. Indonesia Family Life Survey (IFLS) 2014 data were used in the analysis. * Significance: p < 0.05.

Among women, participants reported a “none-to-slight” sleep disturbance level for 93.93%
(n = 4197) of the acceptable FCG, 92.80% (n = 3370) of the borderline FCG, and 93.06% (n = 1825)
of the poor FCG. Participants reported a “mild” sleep disturbance level for 4.74% (n = 212) of
the acceptable FCG, 5.58% (n = 203) of the borderline FCG, and 5.56% (n = 109) of the poor FCG.
Furthermore, participants reported a “moderate-to-severe” sleep disturbance level for 1.32% (n = 59) of
the acceptable FCG, 1.62% (n = 59) of the borderline FCG, and 1.38% (n = 27) of the poor FCG. The level
of sleep disturbance was independent of the food consumption group or food security status among
women (p = 0.301).

Table 2 shows the characteristics related to sleep disturbance, as determined by the regression
model. When the confounding variables were taken into account in the multivariate regression model,
several characteristics remained independently related to sleep disturbance. A higher likelihood of
experiencing sleep disturbance was recorded in participants aged older than 56 years (OR = 1.78,
95% CI: 1.17–2.72, p = 0.007), participants with depressive symptoms (OR = 3.57, 95% CI: 2.77–4.61,
p < 0.001), and food-insecure participants (OR = 1.32, 95% CI: 1.02–1.70, p = 0.036). However, a lower
likelihood of experiencing sleep disturbance was recorded in participants with low educational
attainment (OR = 0.41, 95% CI: 0.30–0.57, p < 0.001).
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Table 1. The participants’ characteristics.

Variable All Food-Secure Food-Insecure p-Value

n 20,212 9326 (46.14) 10,886 (53.86)
Gender, n (%) <0.001

Women 10,070 (49.82) 4468 (47.91) 5602 (51.46)
Men 10,142 (50.18) 4858 (52.09) 5284 (48.54)

Age (years), mean (SD) 39 (11) 39 (11) 38 (11) 0.015
Age Group (years), n (%) 0.037

≤35 9050 (44.78) 4088 (43.83) 4962 (45.58)
36–55 9304 (46.03) 4378 (46.94) 4926 (45.25)
≥56 1858 (9.19) 860 (9.22) 998 (9.17)

Educational Attainment, n (%) <0.001
Low (<12 years) 11,037 (54.61) 4205 (45.09) 6832 (62.76)
High (≥12 years) 9175 (45.39) 5121 (54.91) 4054 (37.24)

Marital Status, n (%) 0.001
Never Married 2328 (11.52) 1149 (12.32) 1179 (10.83)

Currently or Ever Married 17,884 (88.48) 8177 (87.68) 9707 (89.17)
Living Areas, n (%) <0.001

Rural 8232 (40.73) 3387 (36.32) 4845 (44.51)
Urban 11,980 (59.27) 5939 (63.68) 6041 (55.49)

Smoking Habit, n (%) <0.001
Never 12,148 (60.10) 5604 (60.09) 6544 (60.11)

Current Smoker 879 (4.35) 481 (5.16) 398 (3.66)
Former Smoker 7185 (35.55) 3241 (34.75) 3944 (36.23)

Hypertension Medication User, n (%) 0.027
No 19,817 (98.05) 9122 (97.81) 10,695 (98.25)
Yes 395 (1.95) 204 (2.19) 191 (1.75)

Cholesterol Medication User, n (%) <0.001
No 20,051 (99.20) 9226 (98.93) 10,825 (99.44)
Yes 161 (0.80) 100 (1.07) 61 (0.56)

Abdominal Obesity a, n (%) 0.002
No 4226 (48.46) 1927 (46.69) 2299 (50.05)
Yes 4494 (51.54) 2200 (53.31) 2294 (49.95)

Body Mass Index (kg/m2), mean (SD) 24.28 (4.11) 24.39 (4.06) 24.19 (4.14) 0.001
Body Mass Index Classification b, n (%) 0.013

18.5–25.0 12,664 (57.00) 5749 (61.64) 6915 (63.52)
25.1–27.0 2923 (13.16) 1407 (15.09) 1516 (13.93)
>27.0 4625 (20.82) 2170 (23.27) 2455 (22.55)

Hypertension, n (%) 0.542
No 13,689 (67.73) 6296 (67.51) 7393 (67.91)
Yes 6523 (32.27) 3030 (32.49) 3493 (32.09)

Sleep Disturbance Level c, n (%) 0.002
None to Slight 18,895 (93.48) 8772 (94.06) 10,123 (92.99)

Mild 1050 (5.19) 455 (4.88) 595 (5.47)
Moderate to Severe 267 (1.32) 99 (1.06) 168 (1.54)

Depressive Symptoms d, n (%) <0.001
No 12,836 (63.51) 5758 (61.74) 7078 (65.02)
Yes 7376 (36.49) 3568 (38.26) 3808 (34.98)

Body Shape Index (m11/6 kg−2/3), mean (SD) 0.0810 (0.0057) 0.0810 (0.0055) 0.0810 (0.0059) 0.708
Waist Circumference (cm), mean (SD) 85.55 (10.95) 86.19 (10.84) 84.96 (11.03) <0.001

Systolic Blood Pressures (mmHg), mean (SD) 129.56 (19.76) 129.18 (19.35) 129.89 (20.09) 0.010
Diastolic Blood Pressures (mmHg), mean (SD) 80.04 (11.97) 80.01 (12.01) 80.08 (11.94) 0.667

Food Consumption Score, mean (SD) 34.70 (14.66) 46.70 (10.45) 24.42 (8.75) <0.001

Moderate PA Volume (METs min/w), mean (SD)
1145.88

(1872.15)
1185.25

(1907.31)
1112.16

(1840.92)
0.943

Vigorous PA Volume (METs min/w), mean (SD)
1190.33

(3136.19)
1093.61

(2950.50)
1273.19

(3284.81)
<0.001

Sleep Disturbance Score, mean (SD) 40.40 (11.51) 40.70 (11.08) 40.14 (11.86) 0.001
CES-D-10 Score, mean (SD) 8.70 (5.00) 9.00 (4.86) 8.45 (5.10) <0.001

Abbreviations: SD, standard deviation; METs min/w, metabolic equivalent of tasks for minutes per week;
CES-D-10, 10 items of the Center for Epidemiological Studies Depression questionnaire; PA, physical activity.
Note: The categorical data are presented using n (%) and the continuous data are presented using mean (SD).
a The definition of abdominal obesity for women and men used the waist circumference with cut-off points of >80 cm
or >90 cm, respectively. b The body mass index used the adult categorization of body mass index for the Indonesian
population. c The definition of having depressive symptoms used the score of the CES-D-10 with cut-off values
≥10. d The sleep disturbance level was defined using the t-score of the Patient-Reported Outcomes Measurement
Information System (PROMIS) guidelines of the sleep disturbance questionnaire. Significance was set to p < 0.05.

120



Nutrients 2020, 12, 3411

Table 2. Characteristics related to the sleep disturbance level, as determined by the regression model.

Variables
Sleep Disturbance *

OR 95% CI p-Value

Gender (Ref: Men)
Women 1.01 (0.68, 1.48) 0.972

Age (years, Ref: ≤35)
36–55 1.35 (1.00, 1.82) 0.050
≥56 1.78 (1.17, 2.72) 0.007

Educational attainment (Ref: ≥12 years)
Low (<12 years) 0.41 (0.30, 0.57) <0.001

Marital Status (Ref: Never Married)
Currently or Ever Married 1.49 (0.85, 2.62) 0.165

Living Areas (Ref: Rural)
Urban 1.01 (0.78, 1.30) 0.949

Smoking Habit (Ref: Never)
Current Smoker 0.48 (0.20, 1.15) 0.100
Former Smoker 0.81 (0.54, 1.21) 0.297

BMI (kg/m2, Ref: 18.5–25.0)
25.1–27.0 0.95 (0.66, 1.37) 0.793
>27.0 0.83 (0.60, 1.15) 0.256

Depressive Symptoms (Ref: No)
Yes 3.57 (2.77, 4.61) <0.001

Food Security Status (Ref: Food-Secure)
Food-Insecure 1.32 (1.02, 1.70) 0.036

Abbreviations: Ref., reference; OR, odds ratio; 95% CI, 95% confidence interval. Note: * Sleep disturbance was
categorized into greater than mild or not greater than mild. The models were adjusted for age, gender, body mass
index, education attainment, marital status, living area, smoking habits, physical activity volume, blood pressure
value, food consumption score, and CES-D-10 score. Statistical significance was set to p < 0.05.

Furthermore, Table S1 shows that a higher likelihood of experiencing sleep disturbance
after adjusting for age and gender in our study was reported in participants with depressive
symptoms (OR = 3.50, 95% CI: 2.72–4.52, p < 0.001) and participants with food insecurity (OR = 1.47,
95% CI: 1.15–1.89, p = 0.002). On the other hand, a lower likelihood of experiencing sleep disturbance
was reported in participants with low educational attainment (OR = 0.38, 95% CI: 0.28–0.51, p < 0.001).
Furthermore, Table S2 presents the logistic regression between characteristics related to the sleep
disturbance level. A higher likelihood of experiencing sleep disturbance among men in our study
was reported in participants with depressive symptoms (OR = 3.16, 95% CI: 2.17–4.60, p < 0.001) and
participants with food insecurity (OR = 1.75, 95% CI: 1.19–2.58, p = 0.005). Meanwhile, a higher
likelihood of experiencing sleep disturbance among women in our study was reported in participants
with depressive symptoms (OR = 3.16, 95% CI: 2.17–4.60, p < 0.001) and in participants aged older than
36 years (OR = 1.73–2.54, 95% CI: 1.00–2.72, p = 0.016–0.002). On the other hand, a lower likelihood of
experiencing sleep disturbance among men in our study was reported in current smoker participants
(OR = 0.35, 95% CI: 0.12–0.99, p = 0.048) and in participants with low educational attainment (OR = 0.46,
95% CI: 0.30–0.71, p < 0.001). Moreover, a lower likelihood of experiencing sleep disturbance among
women in our study was reported in participants with low educational attainment (OR = 0.37,
95% CI: 0.22–0.61, p < 0.001).

4. Discussion

The present study demonstrates the relationship between food insecurity and sleep disturbance.
This study’s results show that most of the food-insecure participants were women, people who had
marriage experience, people with low educational attainment, and people who lived in urban areas.
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In addition, the middle-aged participants (older than 40 years old) were more likely to have abdominal
obesity. Furthermore, the means of the systolic blood pressure and vigorous physical activity volume
were higher among food-insecure participants compared to food-secure participants. Moreover,
participants who were more likely to experience sleep disturbance were aged older than 56 years old,
had depressive symptoms, and a food-insecurity status, but this was not the case for the people who
had low educational attainment.

Food insecurity is associated with chronic diseases and poor mental health [41–43]. The burden
of food insecurity and marriage experience, in particular for women, synergistically contributes
to the development of depressive symptoms [44]. A potential explanation may be the stressful
decision-making that most food-insecure women have to do related to their financial situation,
and women may be more susceptible to harm from life stresses and other environmental factors [4,42,45].
The findings from this study also confirmed previous research that suggests the higher prevalence of
food insecurity among women [44,46]. Furthermore, our study results are in line with previous findings
showing that most people with low education levels are more likely to encounter food insecurity.
One of the possible mechanisms is the contribution of the financial hardship of food-insecure people.
The financial hardship of food-insecure people may be affected by the low wage or minimum payment
from intensive work. Low-educated people are more likely to do manual labor and to receive a
minimum payment, which may affect the difficulty in fulfilling their nutrition requirements through
adequate meals [47,48]. Another explanation is that low education may lead to less exposure to
nutrition education explaining how to maintain a well-balanced and nutritious diet [49].

Food-insecure people who live in the urban areas may try to keep up with their environment,
which includes needs relating to food, or cultural or financial situations [50–52]. People who live
in urban areas might also be exposed to more processed food options [53,54]. The problem with
processed foods or fast foods is the lack of consumers’ ability to control the amount of calories, sodium,
fat, and sugar [55]. In particular, for people with inadequate nutrition education, they may prefer to
buy the processed foods in a lower price range, which may contain high calories, fat, high sodium,
or high sugar, instead of buying well-balanced meals [56]. For food-insecure people, the difficulty
of maintaining their nutritional dietary needs may affect their body weight, which leads to being
overweight or obese [57]. The findings of the present study support the previous finding that the
numbers of food-insecure participants who live in urban areas and who have excess weight were
greater than those in the food-secure group. Furthermore, people with food insecurity may encounter
sleep disturbance, which is also associated with an increase in systolic blood pressure. The systolic
blood pressure may be a result of jobs involving heavy work or of continuous vigorous physical
activity [58–60]. A population-based study in a rural area of China found that older age, unemployment,
lower-income, disability, and chronic disease comorbidities were significant factors associated with
an increased risk of poor sleep quality for both men and women [61]. The significant interactions
with race/ethnicity indicate that the relationship between sleep complaints and marital status, income,
and employment differs between groups for men, and the relationship with education differs between
groups for women [62]. Food insecurity is related to “poor” sleep quality, which may develop from
anxiety, stress, or feelings of uncertainty about providing food and other necessities for themselves
and their families [6,7].

Moreover, a combination of biological and psychosocial factors is involved in the mechanism of
the relationship between food insecurity and poor mental health [9,63]. Meanwhile, the relationship
between depression or having depressive symptoms and the experience of sleep disturbance is
also known to be closely linked [15]. Food insecurity is related to depressive symptoms [29,64,65],
and having depressive symptoms increases the odds of experiencing sleep disturbance in adults [9,14,66].
Another explanation is the compensatory mechanism of leptin, which reduces appetite and increases
energy expenditure through the hypothalamic receptors [67,68]. Low leptin levels are associated
with increased body mass index, lower quality of sleep, and a higher propensity toward having
depressive symptoms [66]. The presence of sleep disturbance is associated with the effect of high
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levels of ghrelin and low levels of leptin. On the other hand, lower quality of sleep also causes greater
neuronal activation in response to food stimuli, which results in increased motivation to seek food
to achieve a high-energy intake, particularly by eating energy-dense foods that are high in fat and
sugar [66,69]. Food-insecure adults may have diets that are deficient in nutrients, such as folic acid
and tryptophan [70,71], which could influence mood and immune functions [72–74], which, in turn,
may have an effect on their sleep.

The present study has some limitations. First, the usage of a cross-sectional study limited us from
seeing the causal relationship between variables. However, our data were nationally representative
for almost a majority of the adult Indonesian population. Second, although we controlled for
covariates in the analysis, there remain several sociodemographic factors, such as individual income or
house environmental factors that may contribute to sleep disturbance, which we could not include.
Third, the sleep disturbance questions in the IFLS survey did not provide more potential sources of
sleep disturbance. Thus, we were unable to specifically explain the type of sleep disturbance that
the participants experienced (e.g., insomnia, sleep apnea, duration of sleep, and the latency of sleep).
The use of self-reported data for sleep disturbance and physical activity variables is likely to suffer
from a response bias and may affect the study results [75]. However, the PROMIS self-reported
sleep disturbance has been used and validated in former research among adults [20–22]. A possible
bidirectional relationship between depressive symptoms and sleep disturbance that we could not test
in both directions may also be a limitation of the present work. For the study’s purpose, we only
focused on the relationship between the exposure (i.e., depressive symptom) and sleep disturbance
(as the outcome) because of the general assumption that depression treatment would also resolve the
associated symptoms, such as sleep disturbance [76]. Lastly, since we used the food consumption
score in the food security assessment, although the outcome investigated may not fully represent food
insecurity, this method has been used widely in former studies [29,77,78]. Therefore, the interpretation
of the study result must be taken cautiously.

5. Conclusions

In conclusion, the results of this study suggest that sleep disturbance may be affected by food
insecurity in adults and may later lead to serious health outcomes. A potential solution that could
overcome this problem is to encourage food-insecure people to participate in nutritional education
programs that are conducted by health experts that also incorporate advice about the benefits of
sleep quality.
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Abstract: Depression is a leading cause of disability and economic burden worldwide. Primary
prevention strategies are urgently needed. We examined the association of diet quality with depression
in a large provincial cohort of adults. A past year food frequency questionnaire was completed by
Alberta’s Tomorrow Project (ATP) participants enrolled between 2000–2008 (n = 25,016; average age
50.4 years) and used to calculate Healthy Eating Index-Canada (HEI-C) 2015 scores. The number
of physician visits for depression 2000–2015 was obtained via linkage with administrative health
records. Negative binomial regression models assessed the relationship between HEI-C 2015 scores
and physician visits for depression, adjusting for confounders. Every 10-unit increase in HEI-C 2015
scores was associated with 4.7% fewer physician visits for depression (rate ratio (RR): 0.95; 95%
Confidence Interval (CI): 0.92–0.98). This relationship persisted when participants with physician
visits for mental illness prior to cohort enrollment were excluded. Higher quality diets were associated
with a lower number of physician visits for depression. Results highlight diet may be an important
prevention strategy for reducing the burden of health service utilization for depression.

Keywords: diet quality; nutrition; mental health; depression; mood disorders; prevention

1. Introduction

Depression is the leading global cause of disability, affecting over 300 million individuals
worldwide [1]. In Canada, the lifetime prevalence of depression is over 11% [2]. Mental illnesses, of
which depression represents approximately 42.5% of the burden [3], place a substantial strain on health
care systems. In 2011, mental illnesses cost the Canadian economy over $22.6 billion dollars in direct
costs, a value which is predicted to increase to $105.6 billion over the following 30 years [4]. About
one in seven (14%) Canadians access health care for a mental illness annually [5]. Mental illnesses
accounted for 25.5% of all acute care hospital days and diagnoses of mental illness in 2009/10 and were
associated with hospital stays over 2.5 times as long as those not involving a mental health diagnosis [6].
Given the large personal, societal, and economic burden of depression, primary prevention strategies
are urgently needed.

Diet has recently received attention as a promising intervention target for prevention of depression.
Poor quality diets are a leading contributor to the burden of chronic disease in Canada [7,8]. Compliance
with dietary recommendations is poor among Canadians, and consumption of beneficial food groups,
such as vegetables and fruit, as well as milk and alternatives, has decreased in recent years [7]. While
there have been two systematic reviews that synthesized evidence from randomized controlled trials
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(RCTs) on the diet-depression relationship [9,10], RCTs included in both reviews focused on dietary
interventions in relation to existing depression symptoms (i.e., secondary prevention). To the best of
our knowledge, there are no RCTs that examined diet as a potential target for primary prevention of
depression. There are several factors that limit the feasibility of the RCT design when it comes to the
diet-depression relationship. Complex exposures, such as diet, affect disease risk through multiple
systems and pathways, and these effects aggregate over long periods of time [11], thus requiring
sufficient follow-up time [12]. This results in additional costs, as well as non-compliance and high
dropout rates among participants. Blinding is also problematic (if at all possible) in RCTs of dietary
interventions, and these interventions are often examined in high-risk populations (e.g., obese and
overweight) rather than the general population.

Given these challenges, evidence from high-quality observational studies is required to understand
if diet is a novel intervention target for primary prevention of depression. Emerging evidence from
observational studies indicates that this might be true. For example, several systematic reviews and
meta-analyses report the link between adherence to high quality, healthy diets with high intakes of
vegetables, fruit, whole grains, and healthy fats and reduced consumption of saturated fat, sugar,
and red meat (e.g., whether healthy/prudent, Mediterranean, pro-vegetarian, or Tuscan) and as much
as 33% lower risk of incident depression [13–17]. While most of the studies appropriately assessed
diet quality (as opposed to individual food constituents) using a variety of tools, the assessment of
depression has been limited by the use of symptom severity scales rather than other outcome measures,
such as healthcare utilization. For example, available observational studies most commonly included
symptom severity scales (e.g., Center for Epidemiologic Studies Depression Scale [18], Beck Depression
Inventory-II [19], Composite International Diagnostic Interview Short Form [20]), antidepressant use,
or self-report of physician diagnoses, with mixed results that vary by age, sex, and diagnosis [14,15].
While symptom severity scales evaluate the presence of mental illness symptoms regardless of whether
formal diagnostic criteria are fulfilled, individuals with symptoms of depression and individuals
seeking physician-provided mental health care form two separate yet overlapping groups [21], as not
all individuals with symptoms of mental illness will seek physician care. There is value in examining
whether the association between diet quality and symptoms of depression extends to individuals
seeking health care for depression. Filling this gap can contribute to our understanding of the potential
for using dietary approaches to reduce the health service utilization burden.

There is an acknowledged need for large prospective investigations that account for a range of
relevant confounders, and focus on population-based samples without a previous history of mental
health problems [14]. The aim of the present study was to fill this gap and examine the association
between diet quality and health service utilization for depression in a large prospective study of
community dwelling adults, accounting for a range of relevant confounders.

2. Materials and Methods

From 2000 to 2008, Alberta’s Tomorrow Project (ATP) enrolled 29,876 participants into a
population-based prospective cohort study of cancer and chronic disease. Participants were
considered eligible if they were ages 35–69 years, with no personal history of cancer other than
non-melanoma skin cancer, plans to stay in Alberta for at least one year, and able to complete written
questionnaires in English [22]. Participants were recruited using random digit dialing mapped to
Regional Health Authority boundaries to facilitate balanced recruitment throughout the province.
Eligible participants were mailed baseline questionnaires: the Health and Lifestyle Questionnaire
(HLQ), the Canadian Diet History Questionnaire (CDHQ-I), and the Past-Year Total Physical Activity
Questionnaire (PYTPAQ), which assessed sociodemographic characteristics, diet, and physical activity,
respectively [22]. ATP methods have been previously published [22–24]. ATP data were linked to
Alberta Health administrative health care databases via Personal Health Numbers and covered the
years 2000 to 2015. Over 99% of ATP participants were successfully linked after providing valid
Personal Health Numbers and consenting to data linkage [25]. ATP study procedures were approved

130



Nutrients 2020, 12, 2437

by the Health Research Ethics Board of Alberta (HREBA)—Cancer Committee (HREBA.CC-17-0461).
Ethics approval for the linkage to Alberta Health databases and current analyses was obtained from
the University of Alberta Health Research Ethics Board (Pro00058561). All ATP participants provided
written consents to participating in ATP and allowing healthcare data linkage and long-term follow-ups
at the time of enrolment.

The CDHQ-I, a 124-item past year food frequency questionnaire (FFQ) of foods, beverages, and
dietary supplements was based on the Diet History Questionnaire from the U.S. National Cancer
Institute [26] and adapted to Canadian food availability, brand names, nutrient composition, and
food fortification [23,27]. Responses were analyzed using Diet*Calc (version 1.4.2) software (National
Cancer Institute, Bethesda, MD, USA) with a nutrient database adapted for the CDHQ-I to measure
each participant’s mean daily intake of energy, nutrients, foods, and supplement use. Diet quality was
assessed by the Healthy Eating Index Canada (HEI-C) 2015 (Table S1), based on the American Healthy
Eating Index (HEI) 2015 scoring criteria [28] and adapted to age- and sex-specific recommendations
from Canada’s Food Guide (CFG) 2007 [29]. The HEI-C 2015 assesses two major components of diet:
adequacy (sufficiency of intake of healthy foods and nutrients (e.g., total fruits, whole fruits, total
vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins,
and fatty acids)) and moderation (excess consumption of unhealthy foods and nutrients (e.g., refined
grains, sodium, added sugars, and saturated fats)). Moderation components are reverse-scored to
reward the restriction of consumption the unhealthy components. The HEI-C 2015 score ranges 0–100,
with higher scores indicating better diet quality and greater adherence to dietary recommendations.

We also calculated the Modified Mediterranean Diet Score (MMDS), which has nine components
and total index score ranges from zero to nine, with higher scores indicating greater adherence to
the Mediterranean diet [30]. Each of the nine components is scored either zero or one based on the
sex-specific median, with the exception of alcohol which is based on set consumption values. The
MMDS components are constituents of the traditional Mediterranean diet, which is associated with a
number of beneficial chronic disease outcomes [31,32].

Health service utilization for depression was estimated using hospital discharge abstracts,
physician claims, and prescription medication data between cohort enrollment (2000–2008) and 2015.
International Classification of Diseases (ICD), Ninth and 10th Revision codes from administrative
health databases of hospital inpatient datasets and the primary, secondary, and tertiary diagnosis
fields from physician claims were used to identify depression. Additionally, Anatomical Therapeutic
Chemical Classification (ATC) codes for antidepressants or mood stabilizers from Alberta Blue Cross
(ABC) pharmacy claims or Pharmaceutical Information Network (PIN) dispenses were used (see Table
S2 for ICD-9/10 and ATC codes). The codes for hospital discharge abstracts, physician claims, and
prescription medication data were drawn from a validated algorithm from the Manitoba Centre for
Health Policy’s Regional Health Authority Indicators Atlas [33,34] to identify health service utilization
for depression.

We considered a range of potential confounders. Sociodemographic factors included sex; age;
region of residence (urban or rural) determined by postal code; family history of gambling, alcohol,
or drug addiction (yes/no); household income (<$30,000, $30,000–59,999, $60,000–99,999, ≥$100,000);
highest level of education (high school, some university, post-graduate); marital status (attached or
unattached); and employment status (full-time, part-time, other). Lifestyle factors included body
weight status (underweight/normal weight, overweight, obese); leisure time moderate-to-vigorous
physical activity (MVPA) (rounded quartiles: <70.0 min/week, 70.0–209.9 min/week, 210.0–389.9
min/week, ≥390.0 min/week); smoking status (present, former, never); alcohol intake (g/week); use of
supplements (yes/no), specifically vitamin D and other (vitamin A, beta carotene, vitamin E, vitamin C,
thiamin, riboflavin, niacin, folic acid, calcium, magnesium, iron, zinc, copper, selenium). The Charlson
comorbidity index (0, 1, ≥2 comorbidities) was calculated at baseline, using administrative health
records and the ICD-9/10 coding algorithm for administrative healthcare data [35].
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Data Analyses

Given the overdispersion (p < 0.05) of physician visits for depression, associations between
diet quality and health service utilization for depression were calculated using Negative Binomial
Regression Models (NBM). The effect of each of the HEI, moderation, adequacy, and MMDS were
evaluated sequentially using four separate models. Rate ratios and 95% confidence intervals were
derived from unadjusted, parsimonious, and fully adjusted NBMs. Parsimonious models adjusted
for covariates commonly identified in the literature: age, sex, annual household income, educational
attainment, physical activity, Body Mass Index (BMI), and energy intake. Fully adjusted models
included all covariates from the parsimonious models plus rural/urban residence, marital status,
family history of addiction, smoking status, disease comorbidities, vitamin D supplement use, other
supplement use, and alcohol intake. Missing values for confounding variables were treated as separate
covariate categories in the multivariable NBMs, but their estimates are not presented.

Participants were excluded if they had daily caloric intakes (<500 or >5000 kcal) [36], had not
completed the three baseline questionnaires (HLQ, PYTPAQ, and CDHQ-I), or had missing dietary
data (>10 missing responses on the CDHQ-I). In order to exclude prevalent cases of depression, we
excluded participants with one or more physician visits for mental illness (see Table S3 for ICD-9/10
and ATC codes) during four time periods prior to enrollment in the ATP cohort, including three periods
of fixed length (six months, one year and two years prior to cohort enrollment (n = 2597, 5391 and
12,657, respectively)) and one period of variable length (from October 2000 to cohort enrollment (n =
7681)). These “washout” periods were implemented to increase the chance that depression episodes
were incident and are recommended for examining chronic, episodic disorders in administrative health
databases [37]. Analyses also included models that excluded physician visits for mental illness in the
three months following enrollment to account for the possibility of increased health-consciousness
immediately following enrollment in the ATP study. All analyses were conducted using STATA
statistical software (Stata Corp LP, College Station, Texas, USA. 2007, Release 14). Statistical significance
was set at p < 0.05.

3. Results

A total of 25,016 participants were available for analysis (Supplementary Materials Figure S1).
Excluded participants did not significantly differ from those included in the analytic sample in terms
of age, gender, geographic residence, education and presence of comorbidities (data not presented).
Baseline characteristics of ATP participants are presented in Table 1. Of 25,016 participants included
in analysis, 62.8% were female and 65.7% were overweight or obese. More than one-third (31.1%) of
participants had one or more physician visits for depression between enrollment in the ATP cohort and
end of follow-up in 2015 (Table 1). Participants’ HEI-C 2015 score was, on average, 61.6 ± 11.0 out of
100 (Table 2), while the MMDS score was, on average, 4.3 ± 1.7 out of 10. Overall, 31.1% of participants
saw a physician for depression following enrollment.

Table 1. Baseline characteristics of ATP participants (n = 25,016).

Number of Physician Visits

Total
(n = 25,016)

0
(n = 17,227)

1–2
(n = 3881)

3+
(n = 3908)

% or Mean (SD) % or Mean (SD) % or Mean (SD) % or Mean (SD)

Age (years) 50.39 (9.17) 50.56 (9.21) 50.49 (9.28) 49.50 (8.87)

Sex

Male 37.18% 42.70% 28.45% 21.52%
Female 62.82% 57.30% 71.55% 78.48%
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Table 1. Cont.

Number of Physician Visits

Total
(n = 25,016)

0
(n = 17,227)

1–2
(n = 3881)

3+
(n = 3908)

% or Mean (SD) % or Mean (SD) % or Mean (SD) % or Mean (SD)

BMI (kg/m2)

Underweight/normal weight (≤24.9) 34.03% 34.14% 35.02% 32.55%
Overweight (25.0–29.9) 39.11% 40.29% 37.64% 35.36%
Obese (≥30.0) 26.63% 25.37% 27.11% 31.70%

Location

Rural 23.64% 24.50% 22.78% 20.70%
Urban 76.36% 75.50% 77.22% 79.30%

Smoking status

Never 45.12% 47.75% 41.07% 37.54%
Former 37.73% 36.96% 38.52% 40.32%
Current 17.13% 15.27% 20.41% 22.11%

Household income

<$30,000 12.71% 10.89% 14.33% 19.14%
$30,000–59,999 26.89% 26.09% 28.06% 29.25%
$60,000–99,999 31.87% 32.58% 30.92% 29.68%
≥$100,000 26.29% 28.22% 24.19% 19.83%

Highest level of education

High school 27.49% 26.97% 29.27% 28.02%
Some university 46.94% 46.18% 47.46% 49.80%
Post-graduate 25.56% 26.85% 23.27% 22.16%

Charlson comorbidity index

0 83.24% 85.52% 80.06% 76.33%
1 14.31% 12.56% 16.52% 19.83%
2+ 2.45% 1.92% 3.43% 3.84%

Energy intake (Kcal/day) 1826.81 (730.92) 1840.59 (732.73) 1797.23 (719.15) 1795.47 (732.82)

ATP, Alberta’s Tomorrow Project; BMI, Body Mass Index; SD, Standard Deviation.

Table 2. Average HEI-C 2015 and component scores of ATP participants (n = 25,016).

Category/Component Possible Range Mean (SD)

Overall HEI-C 2015 0–100 61.56 (11.02)
Adequacy 0–60 34.93 (8.88)

Total vegetables and fruit 0–10 8.02 (2.28)
Whole fruits 0–5 4.04 (1.40)
Greens and beans 0–5 2.53 (1.65)
Whole grains 0–10 3.64 (2.30)
Dairy 0–10 5.86 (3.14)
Total protein foods 0–5 3.43 (1.26)
Seafood and plant proteins 0–5 2.42 (1.44)
Fatty acids 0–10 4.98 (2.78)

Moderation 0–40 26.64 (6.33)
Refined grains 0–10 5.29 (2.33)
Sodium 0–10 7.08 (3.39)
Added sugars 0–10 7.86 (2.37)
Saturated fats 0–10 6.42 (2.90)

ATP, Alberta’s Tomorrow Project; HEI-C 2015, Health Eating Index-Canada 2015; SD, Standard Deviation.

Table 3 presents the estimated reduction in the number of physician visits for depression for every
10-unit increase in HEI-C 2015 and component scores. After adjusting for all covariates, every 10-unit
increase in HEI-C 2015 score was associated with 4.68% fewer physician visits for depression (rate ratio
(RR): 0.95; 95% Confidence Interval (CI): 0.92–0.98). Dietary adequacy was also negatively associated
with physician visits, leading to 8.78% fewer visits for depression (RR: 0.91; 95% CI: 0.87–0.96). For
each 1-unit increase in MMDS score, there was a 2.48% reduction in the number of physician visits
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for depression (RR: 0.98; 95% CI: 0.96–0.99) (Table 3). Results capturing the association of diet quality
measured with HEI-C 2015 or MMDS and health service utilization for depression remained robust
regardless of the covariates adjusted for in parsimonious and fully adjusted models.

A similar reduction in the number of physician visits for depression associated with 10-unit
increases in HEI-C 2015 scores was observed when participants were excluded in different periods prior
to cohort enrollment. In fully adjusted models, participants had 5.39% (RR: 0.95; 95% CI: 0.91–0.98),
5.38% (RR: 0.95; 95% CI: 0.91–0.98), and 8.34% (RR: 0.92; 95% CI: 0.88–0.96) fewer physician visits
when we excluded visits in the six months, one year, or variable-length period from 2000 to cohort
enrollment, respectively (Table 4). However, the results were no longer significant after excluding
physician visits for mental health in the two years prior to enrollment. Lastly, after excluding physician
visits in the three months after cohort enrollment, every 10-unit increase in HEI-C 2015 score and
adequacy component score was associated with 4.68% (RR: 0.95; 95% CI: 0.92–0.98) and 8.78% (RR:
0.91; 95% CI: 0.87–0.96) fewer physician visits for depression, respectively (Table 4).
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Table 3. Associations of increases in HEI-C 2015 and MMDS scores with number of physician visits for depression (n = 25,016).

Unadjusted Parsimonious a Fully Adjusted b

RR (95% CI) (1-RR)% p-Value RR (95% CI) (1-RR)% p-Value RR (95% CI) (1-RR)% p-Value

HEI-C 2015 c 0.96 (0.94, 0.99) 3.68% 0.010 0.95 (0.92, 0.98) 5.12% 0.001 0.95 (0.92, 0.98) 4.68% 0.002
Moderation c 0.94 (0.89, 0.99) 6.03% 0.016 0.93 (0.88, 0.99) 6.55% 0.034 0.96 (0.89, 1.02) 4.48% 0.172
Adequacy c 0.97 (0.94, 1.01) 2.75% 0.122 0.92 (0.88, 0.96) 8.10% <0.001 0.91 (0.87,0.96) 8.78% <0.001
MMDS d 0.94 (0.92, 0.96) 5.76% <0.001 0.97 (0.95, 0.99) 2.75% 0.004 0.98 (0.96, 0.99) 2.48% 0.010

95% CI, 95% Confidence Interval; HEI-C 2015, Health Eating Index-Canada 2015; MMDS, Modified Mediterranean Diet Score; RR, rate ratio; a Adjusted for sex, age, BMI, leisure time
moderate-to-vigorous physical activity (MVPA), household income, educational attainment, caloric intake; b Adjusted for sex, age, BMI, urban/rural location, family history of addiction,
leisure time MVPA, smoking status, household income, educational attainment, marital status, employment status, chronic disease comorbidities, use of vitamin D supplements, use of
other supplements, weekly alcohol intake, caloric intake; c Per 10-unit increase in score; d Per 1-unit increase in score.

Table 4. Associations of increases in HEI-C 2015 and MMDS scores with number of physician visits for depression following exclusions.

Unadjusted Parsimonious a Fully Adjusted b

RR (95% CI) (1-RR)% p-Value RR (95% CI) (1-RR)% p-Value RR (95% CI) (1-RR)% p-Value

Six-Month Exclusion Prior to Enrollment (n = 22,419)

HEI-C 2015 c 0.96 (0.93, 1.00) 3.58% 0.025 0.94 (0.91, 0.98) 5.60% 0.001 0.95 (0.91, 0.98) 5.39% 0.002
Moderation c 0.94 (0.89, 1.00) 5.85% 0.033 0.92 (0.86, 0.99) 7.69% 0.026 0.93 (0.86, 1.00) 7.00% 0.056
Adequacy c 0.97 (0.94, 1.01) 2.53% 0.202 0.92 (0.87, 0.96) 8.36% 0.001 0.91 (0.86, 0.96) 8.98% 0.001
MMDS d 0.95 (0.93, 0.97) 5.39% <0.001 0.97 (0.95, 0.99) 2.61% 0.014 0.98 (0.96, 1.00) 2.31% 0.030

One-Year Exclusion Prior to Enrollment (n = 19,625)

HEI-C 2015 c 0.96 (0.93, 0.99) 4.07% 0.023 0.94 (0.91, 0.98) 5.85% 0.002 0.95 (0.91, 0.98) 5.38% 0.006
Moderation c 0.92 (0.86, 0.98) 8.35% 0.006 0.91 (0.84, 0.98) 9.21% 0.017 0.92 (0.84, 1.00) 8.50% 0.039
Adequacy c 0.98 (0.94, 1.03) 1.91% 0.395 0.92 (0.87, 0.97) 7.96% 0.004 0.92 (0.86, 0.98) 8.12% 0.006
MMDS d 0.94 (0.92, 0.97) 5.58% <0.001 0.97 (0.95, 0.99) 2.84% 0.017 0.98 (0.95, 1.00) 2.50% 0.036

Two-Year Exclusion Prior to Enrollment (n = 12,359)

HEI-C 2015 c 0.99 (0.94, 1.03) 1.50% 0.537 0.96 (0.91, 1.01) 4.39% 0.088 0.98 (0.93, 1.03) 2.14% 0.426
Moderation c 0.94 (0.86, 1.02) 6.12% 0.144 0.89 (0.80, 0.99) 11.03% 0.035 0.94 (0.84, 1.05) 6.05% 0.278
Adequacy c 1.01 (0.95, 1.07) −0.78% 0.796 0.96 (0.89, 1.04) 4.11% 0.290 0.98 (0.90, 1.07) 1.83% 0.660
MMDS d 0.96 (0.93, 0.99) 3.94% 0.013 0.98 (0.95, 1.00) 2.27% 0.160 0.98 (0.95, 1.01) 2.06% 0.203
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Table 4. Cont.

Unadjusted Parsimonious a Fully Adjusted b

RR (95% CI) (1-RR)% p-Value RR (95% CI) (1-RR)% p-Value RR (95% CI) (1-RR)% p-Value

Variable-Length Exclusion Prior to Enrollment (n = 17,335)

HEI-C 2015 c 0.92 (0.89, 0.96) 7.61% <0.001 0.91 (0.87, 0.95) 9.17% <0.001 0.92 (0.88, 0.96) 8.34% <0.001
Moderation c 0.88 (0.82, 0.94) 11.87% <0.001 0.87 (0.79, 0.95) 13.45% 0.002 0.87 (0.79, 0.96) 12.85% 0.005
Adequacy c 0.94 (0.90, 0.99) 5.74% 0.022 0.87 (0.81, 0.93) 13.04% <0.001 0.87 (0.81, 0.93) 12.76% <0.001
MMDS d 0.94 (0.92, 0.97) 5.91% <0.001 0.97 (0.95, 1.00) 2.75% 0.043 0.97 (0.95, 1.00) 2.57% 0.059

Exclusion of Visits Three Months Following Enrollment (n = 25,016)

HEI-C 2015 c 0.96 (0.94, 0.99) 3.75% 0.009 0.95 (0.92, 0.98) 5.08% 0.001 0.95 (0.92, 0.98) 4.68% 0.002
Moderation c 0.94 (0.89, 0.99) 6.11% 0.015 0.94 (0.88, 1.00) 6.41% 0.039 0.96 (0.89, 1.02) 4.48% 0.172
Adequacy c 0.97 (0.94, 1.01) 2.81% 0.115 0.92 (0.88, 0.96) 8.06% <0.001 0.91 (0.87, 0.96) 8.78% <0.001
MMDS d 0.94 (0.92, 0.96) 5.82% <0.001 0.97 (0.95, 0.99) 2.75% 0.004 0.98 (0.96, 0.99) 2.46% 0.011

95% CI, 95% Confidence Interval; HEI-C 2015, Health Eating Index-Canada 2015; MMDS, Modified Mediterranean Diet Score; RR, rate ratio; a Adjusted for sex, age, BMI, leisure time
MVPA, household income, educational attainment, caloric intake; b Adjusted for sex, age, BMI, urban/rural location, family history of addiction, leisure time MVPA, smoking status,
household income, educational attainment, marital status, employment status, chronic disease comorbidities, use of vitamin D supplements, use of other supplements, weekly alcohol
intake, caloric intake; c Per 10-unit increase in score; d Per 1-unit increase in score.136
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4. Discussion

Our study provides evidence that a high-quality diet in adulthood is associated with reduced
health service utilization, where every 10-unit increase in diet quality as measured with the HEI-C
2015 was associated with a 4.68% reduction in the number of physician visits for depression. We
also observed a similar 2.48% reduction in physician visits for depression for every 1-unit increase in
MMDS score, which measures adherence to the Mediterranean diet, high in vegetables, fruit, grains,
and legumes, and low in meat and dairy. In addition, our results remained robust when participants
with pre-existing physician-diagnosed mental illness were excluded from analyses.

The association between diet quality indices and depression in adults was recently summarized
in two systematic reviews. One of the two reviews was limited to 29 prospective studies and found
that adherence to high-quality (i.e., healthy/prudent, Mediterranean, pro-vegetarian, or Tuscan) and
anti-inflammatory diets was associated with 23% and 19% lower risk of depression, respectively [14].
Another systematic review and meta-analysis of 41 observational studies found that individuals in the
highest category of adherence to high-quality and Mediterranean diets had 24% and 33% lower risk of
incident depression, respectively, compared to those with lowest adherence [15]. The coefficients from
our analyses translate into a difference of up to 17.26% for higher versus lower adherence to the HEI-C
2015 (scores >75 vs. <50) and up to 9.38% for the MMDS (scores >6 vs. <4). These results are of similar
magnitude to earlier studies and further corroborate the previously reported associations.

Previous studies often have not accounted for baseline depression status [38–40], with findings
pointing to complex and bidirectional relations between diet, other lifestyle behaviors, and mental
disorders and depression in particular. Given the chronic and episodic nature of depression, our
exclusion of participants using four periods prior to cohort enrollment sought to mitigate the issue of
reverse causation. It is compelling that our results remained significant with exclusions of six months
(n = 22,419), one year (n = 19,625), and all visits between 2000 and cohort enrollment (n = 17,335).
Although our results were no longer significant following exclusion of participants with any physician
visits for mental illness in the two years prior to cohort enrollment, this is likely due to additionally
excluding all participants enrolled in the first two years of ATP. This resulted in a substantial reduction
of study sample (12,359/25,016 or approximately half) and a loss of statistical power. As suggested by
Molendijk et al. (2018), the correction for depression status at baseline may negate the cumulative
effects of lifestyle behaviors in the years before the study. Our work in children demonstrated that
adherence to established recommendations for diet, physical activity, sleep, and sedentary behavior at
age 10–11 years was associated with 56% fewer physician visits for mental illness in the subsequent
four years [41]. This reduction was of similar magnitude with and without correction for mental illness
at baseline, i.e., exclusion of all children with a mental illness diagnosis before the baseline. As less
than 10% of children in the sample met this exclusion criteria, the similar magnitude of the association
with and without correction for baseline mental illness corroborates the findings from this study, and
suggests that the lack of association after excluding participants with physician visits in the two years
prior to cohort enrollment may indeed be a statistical power issue.

We found that the adequacy component of the HEI-C 2015 remained significant following
adjustment for confounders, but the moderation component did not. This finding is interesting and
corroborates existing literature. In a recent meta-analysis, the highest category of adherence to healthy
diets was associated with less depressive symptoms; however, adherence to unhealthy dietary patterns
and food groups was not associated with incident depressive symptoms [14]. Taken together, these
findings suggest that a diet sufficient in beneficial foods and nutrients may be more important than a
diet restrictive in foods and nutrients recommended to be consumed in moderation. To our knowledge,
other studies that have used versions of the HEI to investigate the relationship between diet quality
and mental illness have not examined or reported the components of adequacy or moderation.

Existing studies also relied predominantly on cross-sectional design and often did not include
several potential confounding variables, such as obesity, energy intake, baseline socioeconomic
status (income, parents’ educational level), and medical conditions (e.g., diabetes, food allergies,
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hypothyroidism) that may be correlated with mood or diet [14,15]. Diet is the product of the interplay
among a large number of factors and a lack of consistency in the adjustment for confounders leads
to errors in inference and makes comparison across studies difficult [14]. We adjusted for a range
of relevant confounders identified in the literature and observed that even after the inclusion of
confounders in the models, the results remained robust.

The large sample of the general adult population of Alberta with a diverse range of demographic
and behavioral characteristics, followed prospectively for up to 14 years of follow-up and low attrition,
the nearly complete linkage with administrative databases, little missing data due to rigorous quality
control measures, and the use of multiple measures of diet quality are major strengths. Several
limitations warrant consideration. First, although we included a wide range of relevant covariates,
the possibility of residual confounding remains. Second, the exposures of interest and confounders,
with the exclusion of disease comorbidities, were based on self-report. Nonetheless, the HLQ,
CDHQ-I, and PYTPAQ were either composed of existing items used in other studies, adapted from a
validated questionnaire, or specifically developed and tested for validity and reliability in this cohort,
respectively [22]. Third, since ATP recruited participants when they were already aged 35–69 years,
this precludes our ability to observe lifetime incidence of depression. Last, our outcome measure
was mental health service utilization, which included participants who had sought out and received
physician care for a mental illness. Those who encountered barriers to care or received care outside
of the medical system (e.g., psychological counselling through community mental health services)
were not included, thus underestimating the burden of depression. Additionally, individuals of higher
socioeconomic status may have chosen to seek mental health support through private psychological
services, which was also not included. However, if misclassification of outcome did occur, the literature
suggests that the result is typically an estimate biased toward the null [42].

5. Conclusions

We observed an inverse relationship between diet quality measured with two different dietary
indices and health service utilization for depression, independent of socio-economic status (SES), other
lifestyle behaviors, and disease comorbidities. Given that the diet quality of many Canadians is of poor
quality and either stagnating or declining [7,8], interventions to improve the diets of Canadians at the
population level may have important implications for reducing the health care burden for depression
in addition to reducing the established risk for chronic disease.
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Abstract: Background: Diet has been the major focus of attention as a leading risk factor for
non-communicable diseases, including mental health disorders. A large body of literature supports
the hypothesis that there is a bidirectional association between sleep and diet quality, possibly via
the modulation of neuro-inflammation, adult neurogenesis and synaptic and neuronal plasticity.
In the present study, the association between dietary total, subclasses of and individual (poly)phenols
and sleep quality was explored in a cohort of Italian adults. Methods: The demographic and
dietary characteristics of 1936 adults living in southern Italy were analyzed. Food frequency
questionnaires (FFQs) were used to assess dietary intake. Data on the (poly)phenol content in foods
were retrieved from the Phenol-Explorer database. The Pittsburg Sleep Quality Index was used to
measure sleep quality. Multivariate logistic regression analyses were used to test the associations.
Results: A significant inverse association between a higher dietary intake of lignans and inadequate
sleep quality was found. Additionally, individuals with the highest quartile of hydroxycinnamic acid
intake were less likely to have inadequate sleep quality. When individual compounds were taken into
consideration, an association with sleep quality was observed for naringenin and apigenin among
flavonoids, and for matairesinol among lignans. A secondary analysis was conducted, stratifying the
population into normal weight and overweight/obese individuals. The findings in normal weight
individuals showed a stronger association between certain classes of, subclasses of and individual
compounds and sleep quality. Notably, nearly all individual compounds belonging to the lignan
class were inversely associated with inadequate sleep quality. In the overweight/obese individuals,
there were no associations between any dietary (poly)phenol class and sleep quality. Conclusions:
The results of this study suggest that a higher dietary intake of certain (poly)phenols may be associated
with better sleep quality among adult individuals.

Keywords: polyphenol; sleep; mental health; cohort; antioxidant; cognitive; brain; Sicily; population
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1. Introduction

Diet has been the focus of major attention as a leading risk factor for non-communicable
diseases [1,2]. These estimates are based on convincing evidence that dietary factors may play a
role in the risks of cardiovascular diseases and certain cancers [3–8]. A more intriguing hypothesis
recently explored is that diet may also influence brain health and mental disorders [9,10]. A large
body of literature supports the hypothesis that there is an association between sleeping patterns and
diet quality, possibly mediating weight status and obesity-related disorders [11]. Generally, most
of the evidence relies on the positive association between sleep quality or duration and diet quality,
but relatively recent studies suggest that a bidirectional relationship may exist, with dietary factors
influencing sleep features [12]. Several mechanisms have been hypothesized to explain this association,
including inflammation, oxidative stress, the gut microbiome, epigenetic modifications and the direct
effects of nutrients and non-nutrients on neuroplasticity [13]. Among the healthy dietary patterns
suggested for their putative influence on sleep quality, plant-based foods, including vegetables, grains,
nuts, seeds, legumes and fruits, have demonstrated to have a mechanistic relationship with better
mental health, potentially influencing sleep features [12]. Those foods are rich sources of bioactive
compounds that, in the context of a healthy lifestyle, may play a potential role in preventing subclinical
low-grade inflammation, a starting point for several chronic non-communicable diseases as well as
for impaired sleep quality and duration [14,15]. There is, in fact, evidence that inflammation may
mediate a variety of brain disorders involving sleep quality but also stress, depression, dementia
and Alzheimer’s disease [16]. Thus, it is crucial to understand whether diet may affect the level of
inflammation and which compounds should be of major interest.

Dietary (poly)phenols represent a group of compounds present in plant-derived foods that,
based on their biochemical structure, may play a pivotal role in radical scavenging and in mediating
inflammation processes [17–19]. Several families are commonly consumed when adhering to healthy
dietary patterns, including flavonoids (mostly contained in fruits, vegetables, tea and cocoa products),
phenolic acids (contained in fruits, coffee, pulses and nuts), stilbenes (mainly contained in wine) and
phytoestrogens (including isoflavones and lignans, contained in soy products and legumes). Dietary
(poly)phenols have been related to several potential health benefits [20]: recently, they have been
hypothesized to also play a role in brain health [21,22]. We previously reported that individuals more
adherent to healthy dietary patterns (i.e., the Mediterranean diet) and to a diet with low inflammatory
potential were more likely to have higher sleep quality [23,24]. In the present study, we aimed to test
whether total, subclasses of and individual (poly)phenols may be candidate molecules associated with
sleep quality in a cohort of Italian adults.

2. Materials and Methods

2.1. Study Population

The MEAL study is an observational study aiming to investigate the association between the
nutritional and lifestyle habits characterizing the classical Mediterranean area and non-communicable
diseases. The baseline data included a sample of 2044 men and women aged 18 or more years
old. Individuals were randomly selected in the main districts of the city of Catania, Sicily, Italy.
The enrolment and data collection were performed between 2014 and 2015. Details of the study
protocol are published elsewhere [25]. All participants were informed about the aims of the study
and provided written informed consent. All the study procedures were carried out in accordance
with the Declaration of Helsinki (1989) of the World Medical Association. The study protocol has
been reviewed and approved by the concerning ethical committee of the Municipal Health Authority
(protocol number: 802/23 December 2014).
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2.2. Data Collection

Electronic data collection was performed by face-to-face assisted personal interviews, using
tablet computers. In order to visualize the response options, participants were provided with a
paper copy of the questionnaire. However, final answers were registered directly by the interviewer.
The demographic data included gender, age at recruitment, highest educational degree achieved,
occupation (specifying the nature of the most important employment during the year before the
investigation) or last occupation before retirement, and marital status. Educational status was
categorized as (i) low (primary/secondary), (ii) medium (high school), and (iii) high (university).
Occupational status was categorized as (i) unemployed, (ii) low (unskilled workers), (iii) medium
(partially skilled workers), and (iv) high (skilled workers). Physical activity status was evaluated
using International Physical Activity Questionnaires (IPAQ) [26], which demonstrated an acceptable
validity for the Italian population (the Cronbach’s alpha values were 0.73 and 0.60 for the short
and long versions, respectively) [27]: the instrument included a set of questionnaires (five domains)
investigating the time spent being physically active in the last 7 days. Based on the IPAQ guidelines,
the final score allows categorizing physical activity levels as (i) low, (ii) moderate, and (iii) high.
Smoking status was categorized as (i) non-smoker, (ii) ex-smoker, and (iii) current smoker. Alcohol
consumption was categorized as (i) none, (ii) moderate drinker (0.1–12 g/d) and (iii) regular drinker
(>12 g/d). Anthropometric measurements have been collected following standard procedures [28].
Arterial blood pressure was measured in sitting position and after at least 5 min of rest, at the end of
the physical examination. Because of the possibility of differences in blood pressure measurements, the
measurements were taken three times at the right arm, relaxed and well supported by a table, with an
angle of 45◦ from the trunk. A mean of the last two measurements was considered for inclusion in the
database. Patients were considered hypertensive when their average systolic/diastolic blood pressure
levels were higher than or equal to 140/90 mm Hg, they were taking anti-hypertensive medications, or
they had previously been diagnosed with hypertension.

2.3. Dietary Assessment

The dietary assessment was performed by the administration of two food frequency questionnaires
(FFQ, long and short versions) that had been previously tested for validity and reliability for individuals
living in Sicily [29,30]. For the purposes of this study, the data from the most comprehensive FFQ
including 110 food items were used. The identification of food intake, energy content and macro- and
micro-nutrient intake was performed through comparison with the food composition tables from the
Research Center for Foods and Nutrition [31]. The intake of seasonal foods referred to consumption
during the period in which the food was available, proportionally adjusted by its intake in one year.
The instrument showed a good relative validity (all major food groups with the exception of bread
and soft drinks had significant Person’s correlation coefficients, over 0.60, and the highest correlation
coefficients for coffee (R = 0.96 in men and women), tea (R = 0.79 in men and 0.80 in women) and
alcoholic beverages (R = 0.83 in men and 0.88 in women)) and reliability (all major food groups besides
bread had significant Person’s correlation coefficients, over 0.60, and the highest correlation coefficients
for coffee (R = 0.97 in men and R = 0.96 in women), tea (R = 0.82 in men and 0.84 in women) and
alcoholic beverages (R = 0.87 in men and 0.92 in women)). FFQs with unreliable intakes (<1000 or
>6000 kcal/d) were excluded from the analyses (n = 107), leaving a total of 1936 individuals included in
the analysis.

2.4. Estimation of Polyphenol Intake

The process of the estimation of habitual (poly)phenol intakes has been previously described in
detail [32]. Briefly, data on the (poly)phenol content in foods were retrieved from the Phenol-Explorer
database (www.phenol-explorer.eu) [33]. A new version of the Phenol-Explorer database containing
data on the effects of cooking and food processing on (poly)phenol contents was used whenever possible,
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in order to apply (poly)phenol-specific retention factors [34]. Foods that contained no (poly)phenols
were excluded from the calculation, leaving a total of 75 items included in the analyses. Food weight
loss or gain during cooking was corrected using yield factors [35]. Average food consumption was
calculated (in g or mL) by following the standard portion sizes used in the study and then converted
to 24 h intake. Finally, a search was carried out in the Phenol-Explorer database to retrieve the
mean content values for all (poly)phenols contained in the selected foods. Next, (poly)phenol intake
from each food was calculated by multiplying the content of each (poly)phenol class by the daily
consumption of each food. The total (poly)phenol intake was considered as the sum of all the main
classes and subclasses. Finally, (poly)phenol intake was adjusted for total energy intake (kcal/d) using
the residual method [36].

2.5. Sleep Quality

The Pittsburg sleep quality index (PSQI) [37] was used to assess participants’ sleep quality and
disturbances in the past six months, which has also been demonstrated to be a good and reliable tool
in the Italian population (the internal consistency was represented by a Cronbach’s alpha of 0.835) [38].
It consists of 19 items that are rated on a four-point scale (0–3) and grouped into seven components
(sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, the use of
sleeping medications, and daytime dysfunction). The item scores in each component were summed
and converted to component scores ranging from 0 (better) to 3 (worse) based on guidelines. The total
PSQI score was calculated as the summation of seven component scores, ranging from 0 to 21, where
a higher score indicates a worse condition. A score of <5 on for total global PSQI is indicative of
adequate sleep quality.

2.6. Statistical Analysis

Frequencies are expressed as absolute numbers and percentages; continuous variables are
expressed as means and standard deviations. Individuals were divided into quartiles of dietary
(poly)phenol intake and the distributions of background characteristics were compared between the
groups. Differences were tested with Chi-square tests for categorical variables, ANOVA for continuous
variables distributed normally, and Kruskall–Wallis tests for variables not normally distributed.
Energy-adjusted multivariate logistic regression models were used to test the association between
the variables of exposure (including total (poly)phenols, their classes, subclasses and individual
compounds) and inadequate sleep quality; a multivariate model adjusted for all other background
characteristics (body mass index, physical activity, educational status, occupational status, smoking
status, alcohol consumption, occurrence of hypertension, diabetes, dyslipidemias, cardiovascular
disease, cancer, and menopausal status) was also used to test whether the observed associations were
independent from the aforementioned variables. All reported P-values were based on two-sided tests
and compared to a significance level of 5%. Bonferroni correction was applied and P-values meeting
the threshold of 0.05 divided by the number of polyphenol quartiles were noted. The SPSS 17 (SPSS Inc.,
Chicago, IL, USA) software was used for all the statistical calculations.

3. Results

The baseline characteristics of the study population by quartiles of energy-adjusted total
(poly)phenol intake are presented in Table 1. The distributions of certain variables, such as age and
education level, did not follow linear trends, as individuals in the middle quartiles were significantly
older and had lower educational levels than the others. The participants in the highest quartile of total
(poly)phenol intake had moderate levels of physical activity and were moderate or regular alcohol
drinkers, and they also had a lower prevalence of hypertension, while concerning type 2 diabetes, the
distribution was not linear and higher rates were registered in the middle quartiles (Table 1). High
total (poly)phenol intake was also correlated with higher total energy intake (Table 1).
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Table 1. Background characteristics of participants in the MEAL cohort by quartiles of total (poly)phenol
intake (energy-adjusted).

Total (Poly)phenol Intake
P

Q1 Q2 Q3 Q4

Age (years), mean (SD) 47.0 (19.3) 48.9 (18.0) 50.1 (16.7) 47.6 (16.4) 0.036
Men, n (%) 193 (43.0) 217 (43.4) 195 (39.0) 199 (40.9) 0.472
BMI, mean (SD) 25.9 (4.4) 25.9 (4.8) 25.9 (4.5) 25.5 (4.6) 0.393
Smoking status, n (%) 0.598

Current 96 (21.4) 127 (25.4) 130 (26.0) 112 (23.0)
Former 62 (13.8) 71 (14.2) 75 (15.0) 68 (14.0)
Never 291 (64.8) 302 (60.4) 295 (59.0) 307 (63.0)

Educational level, n (%) 0.001
Low 147 (32.7) 185 (37.0) 187 (37.4) 178 (36.6)
Medium 153 (34.1) 180 (36.0) 213 (42.6) 174 (35.7)
High 149 (33.2) 135 (27.0) 100 (20.0) 135 (27.7)

Occupational level, n (%) 0.046
Unemployed 90 (23.7) 115 (26.7) 131 (28.8) 125 (31.9)
Low 64 (16.8) 66 (15.3) 74 (16.3) 62 (15.8)
Medium 87 (22.9) 126 (29.2) 123 (27.0) 104 (26.5)
High 139 (36.6) 124 (28.8) 127 (27.9) 101 (25.8)

Physical activity level, n (%) 0.010
Low 82 (20.4) 92 (20.4) 69 (19.7) 86 (19.7)
Medium 192 (47.8) 236 (52.2) 200 (45.8) 228 (52.2)
High 128 (31.8) 124 (27.4) 168 (38.4) 123 (28.1)

Alcohol consumption, n (%) <0.001
None 125 (27.8) 118 (23.6) 74 (14.8) 58 (11.9)
Moderate (0.1–12 g/d) 317 (70.6) 340 (67.9) 306 (61.2) 243 (49.9)
Regular (>12 g/d) 7 (1.6) 43 (8.6) 120 (24.0) 186 (38.2)

Health status, n (%)
Hypertension 240 (53.5) 275 (54.9) 261 (52.2) 200 (41.1) <0.001
Diabetes 21 (4.7) 50 (10.0) 41 (8.2) 34 (7.0) 0.018
Dyslipidemias 69 (15.4) 100 (20.0) 102 (20.4) 85 (17.5) 0.158
Cardiovascular disease 40 (9.1) 36 (7.4) 42 (8.7) 36 (7.6) 0.732
Cancer 17 (3.8) 18 (3.6) 18 (3.6) 25 (5.1) 0.556

Menopausal status (women only), n (%) 118 (45.4) 129 (44.6) 146 (46.9) 133 (44.5) 0.926

Total energy intake (kcal/d), mean (SD)
1749.9
(563.4)

1916.2
(552.7)

2062.8
(625.2)

2704.2
(1068.9)

<0.001

A total of 509 individuals (32.4%) reported inadequate sleep quality. No association between
total or individual major classes of (poly)phenols and sleep quality was found, with the exception of
lignans, for which participants in the third quartile of intake were less likely to have inadequate sleep
quality after adjusting for potential confounding factors (OR = 0.62; 95% CI: 0.43, 0.88; Table 2). None
of the flavonoid subclasses showed an association with sleep quality. Conversely, individuals with
the highest quartile of hydroxycinnamic acid intake were less likely to have inadequate sleep quality
(OR = 0.67; 95% CI: 0.46, 0.98; Table 2). When individual compounds were taken into consideration,
inverse associations with inadequate sleep quality were observed for naringenin (OR = 0.66; 95%
CI: 0.46, 0.95) and apigenin (OR = 0.63; 95% CI: 0.44, 0.90) among flavonoids, and for matairesinol
(OR= 0.66; 95% CI: 0.46, 0.96) among lignans (Table 2).
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Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between (poly)phenol
intake (total, main classes, subclasses and individual compounds) and adequate sleep quality in the
MEAL cohort.

(Poly)phenol Quartiles, OR (95% CI)

Q1 Q2 Q3 Q4 P for Trend

Total (poly)phenols 1 1.12 (0.80, 1.58) 0.87 (0.61, 1.25) 1.04 (0.69, 1.55) 0.476
Total flavonoids 1 0.83 (0.58, 1.18) 0.92 (0.64, 1.31) 0.97 (0.66, 1.43) 0.948

Flavanols 1 0.90 (0.63, 1.28) 0.93 (0.66, 1.32) 1.25 (0.89, 1.77) 0.603
Catechins 1 0.81 (0.57, 1.15) 0.96 (0.67, 1.38) 1.05 (0.73, 1.50) 0.255
Flavonols 1 1.07 (0.68, 1.67) 0.90 (0.48, 1.68) 1.32 (0.59, 2.92) 0.645
Quercetin 1 1.44 (0.97, 2.11) 1.51 (1.04, 2.20) 1.33 (0.88, 2.01) 0.368

Kaempferol 1 0.72 (0.50, 1.02) 0.74 (0.53, 1.05) 0.91 (0.59, 1.41) 0.104
Flavanones 1 1.03 (0.72, 1.45) 0.75 (0.53, 1.06) 0.72 (0.50, 1.03) 0.263
Hesperetin 1 0.85 (0.60, 1.21) 0.96 (0.68, 1.36) 0.81 (0.58, 1.15) 0.249
Naringenin 1 0.76 (0.54, 1.08) 0.62 (0.44, 0.89) 0.66 (0.46, 0.95) 0.020

Flavones 1 1.03 (0.72, 1.45) 0.75 (0.53, 1.06) 0.72 (0.50, 1.03) 0.016
Apigenin 1 0.67 (0.46, 0.96) 0.61 (0.41, 0.90) 0.63 (0.44, 0.90) 0.046
Luteolin 1 1.09 (0.77, 1.53) 0.85 (0.60, 1.20) 0.84 (0.56, 1.15) 0.043

Anthocyanins 1 0.91 (0.63, 1.31) 0.97 (0.68, 1.37) 0.86 (0.59, 1.26) 0.459
Isoflavones 1 0.90 (0.64, 1.27) 0.95 (0.68, 1.33) 0.92 (0.65, 1.30) 0.356
Daidzein 1 0.90 (0.64, 1.27) 0.98 (0.70, 1.38) 0.89 (0.62, 1.27) 0.301
Genistein 1 0.90 (0.64, 1.27) 0.93 (0.66, 1.32) 0.93 (0.65, 1.32) 0.263

Biochanin A 1 0.75 (0.51, 1.10) 0.96 (0.66, 1.41) 1.07 (0.72, 1.60) 0.025
Phenolic acids 1 1.32 (0.93, 1.87) 1.31 (0.97, 1.87) 1.16 (0.81, 1.65) 0.457

Hydroxybenzoic acids 1 1.10 (0.80, 1.53) 1.07 (0.74, 1.53) 1.13 (0.79, 1.61) 0.852
Vanillic acid 1 1.00 (0.69, 1.44) 1.34 (0.93, 1.93) 1.27 (0.85, 1.89) 0.624

Hydroxycinnamic acids 1 0.89 (0.63, 1.26) 0.77 (0.51, 1.09) 0.67 (0.46, 0.98) 0.005 a

Caffeic acid 1 0.95 (0.67, 1.36) 0.72 (0.50, 1.04) 0.88 (0.54, 1.43) 0.055
Cinnamic acid 1 1.02 (0.73, 1.42) 0.93 (0.65, 1.35) 1.09 (0.77, 1.52) 0.680

Ferulic acid 1 0.71 (0.50, 1.01) 0.94 (0.67, 1.31) 0.77 (0.53, 1.12) 0.299
Stilbenes 1 0.73 (0.50, 1.06) 0.83 (0.56, 1.24) 0.97 (0.60, 1.56) 0.828
Lignans 1 0.85 (0.60, 1.21) 0.62 (0.43, 0.88) 0.78 (0.54, 1.12) 0.051

Lariciresinol 1 0.90 (0.64, 1.27) 0.69 (0.49, 0.98) 0.85 (0.59, 1.22) 0.187
Matairesinol 1 0.72 (0.51, 1.02) 0.67 (0.47, 0.95) 0.66 (0.46, 0.96) 0.017
Pinoresinol 1 0.90 (0.64, 1.27) 0.64 (0.45, 0.92) 0.78 (0.54, 1.12) 0.090

Secoisolariciresinol 1 0.72 (0.51, 1.02) 0.68 (0.48, 0.98) 0.80 (0.55, 1.16) 0.187

Adjusted for total energy intake (continuous), body mass index (continuous), physical activity (low/medium/high),
educational status (low/medium/high), occupational status (unemployed/low/medium/high), smoking status
(current/former/never), alcohol consumption (none/moderate/regular), occurrence of hypertension, diabetes,
dyslipidemias, cardiovascular disease, cancer (yes/no), and menopausal status (women only, yes/no). a P-value
meeting threshold for Bonferroni correction.

A secondary analysis was conducted, stratifying the population into normal weight and
overweight/obese individuals. The findings in normal weight individuals showed a stronger association
between certain classes, subclasses and individual compounds and sleep quality (Table 3). Notably,
nearly all individual compounds belonging to the lignan class (secoisolariciresinol, matairesinol and
pinoresinol) were inversely associated with inadequate sleep quality (Table 3).
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Table 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between (poly)phenol
intake (total, main classes, subclasses and individual compounds) and adequate sleep quality in normal
weight individuals.

(Poly)phenol Quartiles, OR (95% CI)

Q1 Q2 Q3 Q4 P for Trend

Total (poly)phenols 1 0.74 (0.45, 1.21) 0.52 (0.31, 0.89) 0.70 (0.39, 1.25) 0.060
Total flavonoids 1 0.60 (0.36, 1.01) 0.60 (0.36, 1.01) 0.66 (0.38, 1.13) 0.308

Flavanols 1 0.88 (0.44, 1.75) 0.66 (0.25, 1.71) 1.21 (0.39, 3.75) 0.571
Catechins 1 0.76 (0.45, 1.27) 0.84 (0.49, 1.42) 0.94 (0.57, 1.55) 0.869
Flavonols 1 0.86 (0.52, 1.45) 0.78 (0.47, 1.29) 1.03 (0.62, 1.71) 0.914
Quercetin 1 1.24 (0.71, 2.16) 1.55 (0.90, 2.68) 1.17 (0.63, 2.16) 0.827

Kaempferol 1 0.65 (0.39, 1.09) 0.68 (0.42, 1.10) 1.00 (0.53, 1.87) 0.228
Flavanones 1 1.32 (0.78, 2.23) 1.05 (0.61, 1.81) 0.88 (0.50, 1.52) 0.774
Hesperetin 1 1.24 (0.74, 2.09) 0.96 (0.56, 1.65) 0.87 (0.50, 1.50) 0.724
Naringenin 1 0.80 (0.48, 1.32) 0.51 (0.30, 0.85) 0.49 (0.28, 0.85) 0.016

Flavones 1 0.94 (0.56, 1.56) 0.64 (0.38, 1.07) 0.52 (0.30, 0.91) 0.037
Apigenin 1 0.78 (0.45, 1.34) 0.61 (0.34, 1.07) 0.67 (0.40, 1.13) 0.062
Luteolin 1 1.34 (0.82, 2.17) 0.77 (0.47, 1.28) 0.68 (0.39, 1.18) 0.106

Anthocyanins 1 1.04 (0.63, 1.69) 0.73 (0.44, 1.21) 0.59 (0.34, 1.03) 0.033
Isoflavones 1 0.99 (0.59, 1.63) 1.11 (0.66, 1.84) 1.00 (0.61, 1.63) 0.878
Daidzein 1 1.04 (0.63, 1.72) 1.14 (0.68, 1.91) 1.02 (0.62, 1.68) 0.803
Genistein 1 1.06 (0.64, 1.75) 1.02 (0.59, 1.76) 1.09 (0.66, 1.78) 0.992

Biochanin A 1 0.59 (0.33, 1.04) 0.79 (0.46, 1.37) 0.89 (0.49, 1.60) 0.823
Phenolic acids 1 1.22 (0.72, 2.05) 1.18 (0.70, 1.96) 0.79 (0.46, 1.35) 0.538

Hydroxybenzoic acids 1 1.24 (0.76, 2.00) 0.73 (0.42, 1.27) 1.15 (0.67, 1.97) 0.631
Vanillic acid 1 0.93 (0.55, 1.56) 1.18 (0.71, 1.97) 1.31 (0.74, 2.31) 0.816

Hydroxycinnamic acids 1 0.59 (0.36, 0.97) 0.60 (0.37, 0.97) 0.39 (0.22, 0.69) 0.049
Caffeic acid 1 1.22 (0.74, 1.99) 0.49 (0.29, 0.84) 0.86 (0.42, 1.79) 0.044

Cinnamic acid 1 0.84 (0.52, 1.35) 0.88 (0.52, 1.49) 0.73 (0.44, 1.21) 0.481
Ferulic acid 1 0.87 (0.51, 1.47) 0.92 (0.55, 1.54) 0.91 (0.52, 1.60) 0.312
Stilbenes 1 0.57 (0.33, 0.99) 0.79 (0.45, 1.39) 0.95 (0.43, 2.09) 0.553
Lignans 1 0.70 (0.42, 1.15) 0.45 (0.27, 0.77) 0.54 (0.31, 0.94) 0.040

Lariciresinol 1 0.79 (0.48, 1.30) 0.54 (0.32, 0.90) 0.61 (0.36, 1.05) 0.061
Matairesinol 1 0.70 (0.42, 1.16) 0.57 (0.35, 0.95) 0.50 (0.29, 0.87) 0.025
Pinoresinol 1 0.68 (0.41, 1.12) 0.47 (0.27, 0.80) 0.55 (0.32, 0.96) 0.030

Secoisolariciresinol 1 0.54 (0.33, 0.88) 0.54 (0.31, 0.92) 0.51 (0.29, 0.89) 0.047

Adjusted for total energy intake (continuous), body mass index (continuous), physical activity (low/medium/high),
educational status (low/medium/high), occupational status (unemployed/low/medium/high), smoking status
(current/former/never), alcohol consumption (none/moderate/regular), occurrence of hypertension, diabetes,
dyslipidemias, cardiovascular disease, cancer (yes/no), and menopausal status (women only, yes/no).

To the contrary, in the overweight/obese individuals, there were no associations between any
dietary (poly)phenol class and sleep quality. Among the individual components, only apigenin was
significantly associated with sleep quality (OR = 0.53; 95% CI: 0.31, 0.90) (Table 4).
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Table 4. Odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between (poly)phenol
intake (total, main classes, subclasses and individual compounds) and adequate sleep quality in
overweight/obese individuals.

(Poly)phenol Quartiles, OR (95% CI)

Q1 Q2 Q3 Q4 P for Trend

Total (poly)phenols 1 1.64 (0.98, 2.73) 1.13 (0.82, 2.29) 1.57 (0.86, 2.83) 0.219
Total flavonoids 1 1.24 (0.73, 2.10) 1.50 (0.88, 2.55) 1.69 (0.93, 3.05) 0.075

Flavanols 1 1.37 (0.73, 2.56) 1.10 (0.46, 2.60) 1.37 (0.42, 4.46) 0.982
Catechins 1 0.88 (0.54, 1.43) 1.26 (0.74, 2.12) 1.31 (0.77, 2.24) 0.114
Flavonols 1 0.89 (0.53, 1.48) 1.16 (0.71, 1.91) 1.47 (0.90, 2.40) 0.183
Quercetin 1 1.55 (0.88, 2.73) 1.44 (0.83, 2.49) 1.46 (0.82, 2.60) 0.180

Kaempferol 1 0.90 (0.53, 1.53) 0.97 (0.57, 1.63) 0.93 (0.49, 1.76) 0.918
Flavanones 1 0.61 (0.37, 1.01) 1.00 (0.62, 1.61) 0.82 (0.51, 1.32) 0.847
Hesperetin 1 0.60 (0.36, 1.00) 0.99 (0.62, 1.59) 0.82 (0.51, 1.33) 0.803
Naringenin 1 0.86 (0.51, 1.43) 0.77 (0.46, 1.28) 0.99 (0.59, 1.65) 0.899

Flavones 1 1.00 (0.61, 1.64) 0.81 (0.50, 1.33) 0.89 (0.54, 1.47) 0.195
Apigenin 1 0.56 (0.33, 0.95) 0.61 (0.34, 1.07) 0.53 (0.31, 0.90) 0.555
Luteolin 1 0.80 (0.47, 1.34) 0.79 (0.48, 1.30) 0.88 (0.53, 1.45) 0.208

Anthocyanins 1 0.84 (0.48, 1.48) 1.17 (0.69, 1.97) 1.29 (0.73, 2.27) 0.155
Isoflavones 1 0.87 (0.53, 1.41) 0.96 (0.60, 1.53) 0.91 (0.54, 1.54) 0.349
Daidzein 1 0.81 (0.50, 1.32) 0.97 (0.60, 1.55) 0.84 (0.49, 1.44) 0.269
Genistein 1 0.80 (0.49, 1.30) 0.94 (0.58, 1.52) 0.85 (0.50, 1.43) 0.286

Biochanin A 1 1.02 (0.58, 1.79) 1.27 (0.73, 2.23) 1.45 (0.81, 2.60) 0.024
Phenolic acids 1 1.35 (0.83, 2.20) 1.38 (0.83, 2.28) 1.49 (0.90, 2.45) 0.079

Hydroxybenzoic acids 1 0.94 (0.58, 1.51) 1.41 (0.85, 2.35) 1.06 (0.64, 1.76) 0.308
Vanillic acid 1 1.04 (0.60, 1.80) 1.39 (0.80, 2.39) 1.14 (0.63, 2.04) 0.324

Hydroxycinnamic acids 1 1.28 (0.77, 2.12) 0.86 (0.50, 1.47) 1.03 (0.60, 1.78) 0.260
Caffeic acid 1 0.69 (0.40, 1.20) 0.90 (0.52, 1.52) 0.81 (0.40, 1.62) 0.860

Cinnamic acid 1 1.22 (0.75, 2.00) 0.99 (0.58, 1.69) 1.53 (0.93, 2.51) 0.195
Ferulic acid 1 0.61 (0.37, 1.00) 0.92 (0.58, 1.47) 0.72 (0.42, 1.22) 0.609
Stilbenes 1 0.99 (0.57, 1.69) 0.84 (0.46, 1.53) 0.91 (0.48, 1.72) 0.555
Lignans 1 1.15 (0.69, 1.91) 0.86 (0.52, 1.43) 1.23 (0.73, 2.07) 0.538

Lariciresinol 1 1.09 (0.66, 1.80) 0.90 (0.55, 1.47) 1.30 (0.77, 2.17) 0.396
Matairesinol 1 0.86 (0.52, 1.44) 0.84 (0.50, 1.41) 0.99 (0.58, 1.69) 0.864
Pinoresinol 1 1.13 (0.69, 1.84) 0.84 (0.50, 1.41) 1.11 (0.67, 1.86) 0.520

Secoisolariciresinol 1 1.02 (0.62, 1.70) 0.90 (0.54, 1.51) 1.37 (0.80, 2.33) 0.342

Adjusted for total energy intake (continuous), body mass index (continuous), physical activity (low/medium/high),
educational status (low/medium/high), occupational status (unemployed/low/medium/high), smoking status
(current/former/never), alcohol consumption (none/moderate/regular), occurrence of hypertension, diabetes,
dyslipidemias, cardiovascular disease, cancer (yes/no), and menopausal status (women only, yes/no).

4. Discussion

In this article, we tested whether dietary (poly)phenols were associated with sleep quality in a
cohort of Italian adults. Individuals showing a higher intake of some flavonoid subclasses (flavanones
and flavones), phenolic acids (such as hydroxycinnamic acids) and lignans were significantly less
likely to have inadequate sleep quality. These findings suggest that some classes of (poly)phenol may
play a specific role when exploring their relationship with brain and mental health. Interestingly, the
associations were more evident when stratifying the cohort by weight status, showing significant
results in normal weight individuals, but no confirmed associations for overweight/obese participants.

To date, only one recent study has investigated the relationship between dietary (poly)phenols
derived from fruit and vegetables and sleep duration [39]. The study was conducted on 13,958 women
with about 4 years of follow-up in the UK Women’s Cohort Study: total fruit and vegetable consumption
and their estimated content of total polyphenols were directly associated with sleep duration, while
individual (poly)phenol classes were not associated with the outcome of interest [39]. Despite no
other studies being focused on polyphenols, some studies reported a direct relationship between
sleep duration and quality, and fruit and vegetable intake [40,41]. Other studies showed the role of
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certain polyphenol-rich foods (i.e., black tea and cocoa products) in improving sleep quality [42,43].
Despite there being no other studies specifically conducted on (poly)phenols and sleep quality, there is
consistent evidence from the literature suggesting a potential role of dietary (poly)phenols in improving
mental health and preventing conditions that are associated with sleep disorders. For instance, some
cohort studies showed that individuals with higher intakes of the same flavonoid, hydroxycinnamic
and lignan classes found to be significantly associated with better sleep quality in this study were less
likely to have depressive symptoms [44,45]. Other studies also showed an inverse association between
fruit and vegetable intake and depressive symptoms and perceived stress, despite most of them have
been conducted on students [46–49].

From a general mechanistic point of view, (poly)phenol circulating metabolites are able to pass
through the blood–brain barrier to various extents, depending on their degree of lipophilicity, with
less polar (poly)phenol metabolites capable of greater brain uptake than more polar ones [50,51].
The main potential beneficial effects of dietary (poly)phenols in the central nervous system include the
suppression of neuronal apoptosis, modulation of signaling pathways implicated in neuron survival,
and stimulation of adult neurogenesis [52–54]. With special regard to specific mechanisms related to
sleep features, dietary (poly)phenols have been shown to improve resilience after sleep deprivation [55];
some individual molecules, such as apigenin, are able to reduce locomotor activity, prolong sleep
time, increase sleep rate increase and sleep time in combined administration with a GABA(A) receptor
agonist, and show synergic effects in potentiating sleep onset in animal models [56–58]. Additionally,
derivates of hydroxycinnamic acids have been identified as agonists for both gamma-amino butyric
acid (GABA) receptors and act synergistically with 5-hydroxytryptophan (5-HTP), both of which play
a role in sleep quality, including having sedative effects on locomotion activity, prolonging sleeping
time and shortening sleep latency [59–61].

Dietary (poly)phenols have been shown to decrease systemic inflammation [62] but also
exert anti-neuroinflammatory properties and reduce oxidative stress and inflammation-related
conditions [63]. Several studies have shown that molecules of interest from our study, including
some flavonoids (i.e., apigenin) and hydroxycinnamic acids, improve cell antioxidant activity against
oxidative stress in the central nervous system [64,65]. Additionally, lignans have been demonstrated to
exert anti-oxidative and anti-inflammatory properties in neurons and protect the blood–brain barrier
against inflammatory cells by reducing oxidative stress, inflammation and permeability [66–68]. Dietary
(poly)phenols may ameliorate poor endothelial function [69] and help to control blood pressure [70],
which, in turn, has been associated with measures of sleep quality together with decreases in the
percentage of REM sleep and increases in REM sleep latency [71–73]. Previous epidemiological studies
have shown an inverse association between the intake of specific classes of (poly)phenol (in line with
the findings shown in the present study)—including flavones and flavanones among flavonoids [74],
and hydroxycinnamic acids—and the occurrence of hypertension [75,76]. The mechanisms underlying
these relationships are still under investigation; besides, regarding the direct effect of (poly)phenols
(especially hydroxycinnamic acids) on low-grade inflammation, which, in turn, may affect endothelial
function [77,78], an intriguing hypothesis involves nitric oxide-mediated vasodilation in the brain,
which has been shown to facilitate REM sleep [79].

An emerging body of literature investigates the double interexchange of information between
the gut microbiota and the brain through a complex system of signals involving neural, endocrine
and inflammatory mechanisms [80]. In fact, the gut microbiota has been shown to affect brain and
behaviors related to anxiety and depressive symptoms depending on bacterial family ratios, dysbiosis,
and subsequent modulation through dietary (poly)phenol intake [81]; the status of the pro- and
anti-inflammatory balance in the gut has been demonstrated to have an impact at the systemic level
and on the central nervous system [82,83]. Recent studies show that dietary (poly)phenols may play
a role in the modulation of gut microbiota metabolism and that variations in the gut microbiota can
affect (poly)phenol activity [84]. This hypothesis is particularly valid in light of our results stratified
by weight status; in the intestinal microbiota of obese people, a specific increase in the proportion of
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class Firmicutes to class Bacteroidetes has been shown compared to in normal-weight individuals [85],
which may affect (poly)phenol transformation and absorption in the gut [86] and their anti-oxidant
effects [87–89]. However, current evidence is still limited, largely based on cell and animal studies,
and future studies conducted on humans are needed to identify specific metabotypes associated with
activity in the brain.

To the best of our knowledge, this is the first study investigating such a comprehensive group
of compounds in order to identify key (poly)phenol molecules of potential interest to improve sleep
quality. Moreover, based on our previous results [32], no unique food source is responsible for specific
compounds or classes of (poly)phenols; thus, the present analysis is able to detect the potential role of
(poly)phenols rather than of the individual foods underlying their consumption. However, the findings
presented in this study should be considered in light of some limitations. Firstly, this study provided
evidence from a cross-sectional analysis, which cannot exclude reverse causation nor describe a causal
relation. Secondly, all methods used to assess food consumption and dietary polyphenol intake provide
only estimations, while true intake cannot be estimated without measuring biomarkers or metabolites.
Despite the use of the Phenol-Explorer database being validated and widespread, this method cannot
take into account molecular transformation or interaction. Moreover, recall bias and unmeasured
confounding factors (i.e., jobs requiring night shifts) should be considered as potential limitations.
However, these methods are commonly used in the current scientific literature, representing the
standard for scientific research until new methods are validated and made available. Thirdly, no
other aspects related to sleeping problems or other mental health issues have been considered, while
they may be associated with sleep quality. Thus, the potential mediating effect of such intermediary
conditions should be taken into account.

5. Conclusions

Our study suggests that a higher dietary intake of certain (poly)phenols may be potentially
associated with better sleep quality. However, further epidemiological studies are needed to confirm
the presented hypothesis, with a major focus on sleep quality. Several aspects should be further
considered in future studies, such as the use of caffeinated beverages or the timing of food and alcohol
intake. Future studies should additionally focus on the inter-individual variation in response to
the consumption of (poly)phenols and thus investigate the associations not only for their dietary
intake but also for the true internal exposure to their metabolites. In this context, attention to the
gut microbiota composition should also be paid as differences in microbial species may condition
(poly)phenol metabolite formation and bioactivity. Finally, intervention studies will be needed to
explore the level of absorption and bioavailability of dietary (poly)phenols and the characterization
of biologically available (poly)phenol metabolites responsible for the promotion of resilience against
cognitive impairment in response to poor sleep quality.
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