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Abstract: Anxiety disorders are the most common group of mental disorders. There is mounting
evidence demonstrating the importance of nutrition in the development and progression of mental
disorders such as depression; however, less is known about the role of nutrition in anxiety disorders.
This scoping review sought to systematically map the existing literature on anxiety disorders and
nutrition in order to identify associations between dietary factors and anxiety symptoms or disorder
prevalence as well as identify gaps and opportunities for further research. The review followed estab-
lished methodological approaches for scoping reviews. Due to the large volume of results, an online
program (Abstrackr) with artificial intelligence features was used. Studies reporting an association
between a dietary constituent and anxiety symptoms or disorders were counted and presented in
figures. A total of 55,914 unique results were identified. After a full-text review, 1541 articles met
criteria for inclusion. Analysis revealed an association between less anxiety and more fruits and
vegetables, omega-3 fatty acids, “healthy” dietary patterns, caloric restriction, breakfast consumption,
ketogenic diet, broad-spectrum micronutrient supplementation, zinc, magnesium and selenium,
probiotics, and a range of phytochemicals. Analysis revealed an association between higher levels of
anxiety and high-fat diet, inadequate tryptophan and dietary protein, high intake of sugar and refined
carbohydrates, and “unhealthy” dietary patterns. Results are limited by a large percentage of animal
and observational studies. Only 10% of intervention studies involved participants with anxiety
disorders, limiting the applicability of the findings. High quality intervention studies involving
participants with anxiety disorders are warranted.
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1. Introduction

The term anxiety describes the experience of worry, apprehension, or nervousness in
association with physical, cognitive, and behavioral symptoms. Anxiety may be experi-
enced occasionally as part of normal life and may be adaptive if it increases preparedness
for novel situations. If anxiety symptoms are persistent, excessive, or interfere with func-
tioning, they can become pathological [1].

Several anxiety disorders have been defined. Generalized anxiety disorder involves
excessive worry in multiple domains and associated physical symptoms that are present for
at least six months leading to clinically significant distress or impairment in functioning [1].
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Panic disorder is characterized by unexpected and recurrent panic attacks and at least one
month of persistent worry about having a subsequent panic attack or significant behavior
changes related to the attack [2]. Agoraphobia involves feelings of intense fear of situations
or spaces where escape may be difficult or help may not be available in the event or panic
or other incapacitating symptoms [3]. Social anxiety disorder involves marked anxiety and
fear of a social situation where an individual is exposed to possible scrutiny by others [4].
Specific phobia is an excessive fear of specific object or situation [5].

Anxiety disorders exert a significant burden at both an individual and societal level.
Individuals with anxiety disorders report a high degree of psychological distress, sig-
nificant disability [6] and a reduction in quality of life [7]. The presence of an anxiety
disorder is associated with higher use of both primary care, emergency room visits, and
specialist healthcare services [8]. These disorders are also highly prevalent. The national
comorbidities study established the lifetime prevalence of any anxiety disorder at 31.2%,
the highest of any category of psychiatric illnesses [9].

The treatment approaches most frequently used in the management of anxiety disor-
ders are psychotherapy and psychopharmacology [10]. While many patients find these
therapies beneficial, a significant number of individuals report that these treatment options
are not accessible, tolerable, or effective in providing adequate relief of anxiety symp-
toms [11]. For these reasons, there is interest in the evaluation of adjunctive or alternative
therapeutic approaches.

Nutritional psychiatry is an emerging field of study related to the use of nutritional
interventions in the prevention and treatment of mental health disorders. Despite increas-
ing evidence of beneficial effects, nutritional recommendations are provided to psychiatric
patients infrequently in clinical practice. Recently, high quality intervention studies have
demonstrated an antidepressant effect of nutritional interventions [12,13]. However, the
amount of research on anxiety disorders lags behind that of mood disorders [14,15]. There
is a clear lack of studies delivering diet counselling, education, or food as an intervention to
individuals with diagnosed anxiety disorders as well as systematic synthesis of the existing
literature on the relationship between dietary factors and anxiety symptoms or disorders.
The objective of the present review was to systematically map out the body of existing
literature on anxiety symptoms/disorders and nutrition in order to identify nutritional
factors associated with higher or lower levels of anxiety and to identify knowledge gaps
and opportunities for further research.

2. Materials and Methods

The review followed established methodological approaches for scoping reviews using
the framework presented by Arskey and O’Malley for the conduct of scoping reviews [16].
Scoping reviews aim to identify and describe the breadth of literature on a topic when it is
either highly complex, involves a broad array of study designs, or when a comprehensive
review is being completed for the first time; all of these factors apply to the present review.
Scoping reviews aim to map key concepts in a field of study and the available types
of evidence. The review is completed in a way that is systematic, highly rigorous, and
transparent in order to minimize bias. The protocol used in the present study was adapted
from a similar project completed by the authors on the topic of diet and psychosis [17].

An extensive a priori search strategy was developed and executed with the guidance of
an experienced medical librarian. Using the Ovid platform, we searched Ovid MEDLINE®,
including Epub Ahead of Print, In-Process & Other Non-Indexed Citations, and Embase
Classic + Embase. We used controlled vocabulary (e.g., “Anxiety Disorders”, “Nutritional
Physiological Phenomena”, “Food”) and keywords (e.g., anxiety, nutrition, diet). We
adjusted vocabulary and syntax as necessary across the databases. There were no language
or date restrictions on any of the searches, but we removed opinion pieces (e.g., editorials)
from the results. We performed the searches on 25 March 2020. The full search, as executed,
is available in Supplemental File S1.
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Screening of abstracts and titles was completed using the online open-source program
Abstrackr [18] which allowed for concurrent and blind duplicate screening as well as
tagging by dietary constituent. Manual screening was completed until the program’s
artificial intelligence predicted the presence of additional relevant studies as unlikely.
Previous testing of this program has demonstrated that the likelihood of missing relevant
studies is very low [18–20]. As an extra precaution, once screening had reached the point
where Abstrackr’s prediction score reported ‘zero additional studies likely to be relevant’,
and no studies were being identified as being relevant, an additional 100 articles were
screened in each section before screening was stopped. Screening of abstracts and titles
was completed in duplicate. Disagreement was resolved by consensus.

Studies were eligible for inclusion if they involved the evaluation of changes in the
level of anxiety symptoms or the presence/absence of anxiety disorders in humans or
animal models as well as assessing or modifying a component of participant diet. This
included assessment or modification of dietary patterns, individual foods, supplements, or
natural health products that provide an active constituent naturally occurring in the general
North American diet. Studies were ineligible if they assessed or administered herbal
medicines (apart from those used for culinary purposes in the general North American
diet) or constituents which are not typically found in significant quantities in the human
diet (i.e., St. John’s Wort, GABA, or S-adenosylmethionine) or if they assessed levels of
endogenously produced dietary components (i.e., cholesterol, vitamin D, or non-essential
amino acids) in the absence of supplementation or measurement of intake. Eligible study
designs included human observational and experimental studies, animal studies, and meta-
analyses. Studies were excluded if they assessed the impact of maternal diet on offspring
anxiety levels. Review articles, opinion papers, letters, and systematic reviews (without
meta-analysis) were excluded, as were non-English language papers or inaccessible papers
in cases where the abstract contained insufficient information for data extraction.

Full text screening was completed concurrently with data extraction. Data extraction
was completed using piloted extraction templates developed for a similar scoping review
conducted by the study authors and double checked by MA for accuracy [17]. Analysis
was completed by sorting the studies with common interventions and methodology types
and counting the number of studies reporting an association with increased or decreased
anxiety symptoms/disorders, or no association. These data were used to create figures that
communicate an overview of the evidence on each topic. Studies reporting a statistically
significant improvement in at least one subpopulation or measure of anxiety symptomatol-
ogy were categorized as “associated with decreased anxiety”. Studies reporting an increase
in anxiety symptoms or prevalence in at least one subpopulation or measure of anxiety
symptomatology were categorized as “associated with increased anxiety”. Studies that
reported no significant change in anxiety symptoms or prevalence were categorized as “no
association with anxiety”. A small number of studies which reported mixed findings such
as a combination of increased and decreased anxiety symptoms were not included in the
figures. In order to allow concise display and the comparison of all studies, the number
of studies reporting an association between improved symptoms with higher intake of a
nutrient were combined with studies reporting and association between worse symptoms
with lower intake of the nutrient. Counts are depicted in figures. The figures are oriented
so that they report the relationship between higher intake of the diet constituent with
anxiety. Within each section, a narrative summary was completed to highlight trends,
gaps, and areas that warrant further study. When available, narrative summaries also
reported on proposed mechanisms and safety. Finally, we created a list of dietary factors
that, based on the review findings, may to be associated with less anxiety and more anxiety
symptoms/disorders. This process of categorization was done based on the following
criteria related to the volume and consistency of evidence. Dietary factors were included
in these two categories when there were at least five studies reporting on the relationship
with anxiety, and the majority of the data points (>60%) showed a consistent association.
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These criteria were developed post hoc as the volume, and consistency of the evidence was
unknown at the time of protocol development.

3. Results
3.1. Search Results

The search identified 55,914 unique results that were screened in two phases: by
title/abstract and by full text. The study authors manually screened 13,286 results while
Abstrackr’s artificial intelligence screened the remaining results. Following title and
abstract screening, 2213 articles were included.

Seventeen articles could not be retrieved in full text. During full text screening, an
additional 655 studies were excluded (Supplemental File S2). 1541 studies were included
in the final data analysis (Figure 1, Supplemental File S3).
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Figure 1. PRISMA flow diagram. AI: artificial intelligence.

3.2. Study Characteristics

More than half of the studies in our analysis were conducted using animal models
(n = 859) (Figure 2). The animal studies were primarily conducted in rodents (97%) with
the remaining 3% of studies conducted in zebrafish, pigs, lemurs, monkeys, cats, horses,
and tilapia.
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Figure 2. Distribution of included studies by methodology (count, percent).

The observational studies included 14 case reports; in 11 reports, subjects had anx-
iety disorders or elevated anxiety symptoms at baseline (Figure 3). In total, the reports
described 44 individual cases. An additional 255 publications described cross-sectional,
prospective, or retrospective observational studies. One meta-analysis of observational
studies was conducted [21]. Of the observational studies, 88% were cross-sectional in
design and 13 studies (5%) specifically included individuals with anxiety disorders or
elevated anxiety symptoms. Nutrient intake was assessed in 201 studies while nutrient
levels, in various body tissues, were measured in 40 studies. Sample size varied widely,
from 14 to 296,121 participants (Mean: 6315.7, SD: 28,423.9).
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Regarding experimental studies, 395 met criteria for inclusion as well as an addi-
tional 18 meta-analyses of experimental studies. Of the individual studies, the number of
participants ranged from 3 to 2730 (Mean: 99.3, SD: 198.3). Of the 395 trials, 335 (85%) in-
cluded a comparison arm, 312 (79%) utilized randomization, and 23 (61%) utilized blinding.
Thirty-nine trials (10%) included participants with anxiety disorders or elevated anxiety
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symptoms. An additional 57 trials assessed anxiety in participants with other psychi-
atric illnesses while the remaining studies included participants with medical illnesses or
healthy participants (Figure 4). Excluding the studies that assessed the immediate impact
of food on anxiety symptoms (n = 72), the average duration of the experimental studies was
15.8 weeks (SD: 18.3 weeks). Most of the studies (n = 331) provided the dietary intervention
without co-interventions. An exercise co-intervention was delivered in 32 studies, while
20 included a psychosocial component and ten co-administered a medication. Sixty-nine
percent of experimental studies identified a primary outcome related to mental health.
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3.3. Dietary Patterns

Many studies were identified that assessed the impact of dietary patterns on anxiety
symptoms severity or anxiety disorder prevalence including both animal models (n = 101)
and human studies with observational (n = 102) and experimental (n = 84) designs. Dietary
pattern studies evaluated the impact of combinations of foods or patterns of eating. Studies
looked at both the types of foods that were consumed (Figure 5) and the quantity and
timing of food consumption (Figure 6). Because studies may have defined specific dietary
patterns differently, it is noted that significant heterogeneity exists within each category. In
general, “Healthy” diet patterns were described as diets aligned with generally accepted
principles of healthy eating. Many involved the calculation of a healthy eating score or
index and were defined by higher intake of vegetables, fruit, whole grains, fish, legumes,
and unprocessed meat. Diets or dietary patterns defined as “Unhealthy” or “Western”
generally included higher intake of processed foods, sugar and sweetened foods, soft
drinks, fried foods, processed meats, “junk food”, and “fast food”. In the animal studies,
the “Western” or “Cafeteria” diet included a combination of high fat and high carbohydrate,
in particular, high saturated fat and high refined carbohydrates. In many cases, the diet
was designed to be highly palatable and to induce obesity [22,23].
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The animal studies reported a mixture of anxiogenic and anxiolytic effects follow-
ing administration of the “unhealthy”, “cafeteria”, or “Western” style eating patterns.
Predominantly anxiolytic effects were seen following caloric restriction and fasting.

Observational studies showed an association between lower anxiety symptom severity
or disorder prevalence and “healthy” diet patterns, the Mediterranean diet, traditional
diets, the vegetarian diet, consumption of breakfast, anti-inflammatory diet patterns, and
increased diet variety. Higher anxiety symptom severity or disorder prevalence was associ-
ated with “unhealthy” diet patterns, caloric restriction, and snacking. It is noted that among
the observational studies assessing the relationship between vegetarianism and anxiety
symptoms, two of the three studies that reported an increase in anxiety were prospective
in design while all of the studies reporting an association between the diet pattern and less
anxiety were cross-sectional in design. Two case reports described improvement in anxiety
symptom severity following multimodal interventions with a dietary component. One
involved the elimination of “inflammatory foods” in combination with exercise and psy-
chological treatment [24]. The other delivered a vegan diet in combination with fruit and
vegetable juice, nutritional supplements, exercise and stress management techniques [25].

Of the experimental studies delivering an intervention that promoted healthy eat-
ing behaviors, twenty reported a reduction in anxiety symptoms while sixteen did not
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observe a significant effect. Only two of these trials recruited individuals with anxiety
disorders [26,27]; the remaining studies recruited individuals with medical illnesses or
healthy participants. One randomized controlled trial enrolled participants with moderate
to severe anxiety disorders and assessed the impact of dietary counselling, in combination
with a multivitamin and a herbal remedy, compared to a psychosocial intervention, and re-
ported a significant improvement in anxiety symptoms with the combination intervention
as compared to the psychosocial intervention [26]. Another study randomized individuals
with anxiety and/or depressive disorders to either dietician consultations or an attention
control intervention; significant improvement was seen in both treatment groups [27]. Nine
of thirteen studies promoting caloric restriction reported an improvement in anxiety symp-
toms. While one of the studies recruited participants with elevated anxiety symptoms [28],
all involved overweight and obese participants. A meta-analysis of studies delivering
caloric restriction to adults with obesity did not find a significant reduction in anxiety
symptoms [29] while a meta-analysis on the same topic that included child and adolescent
populations did report a reduction in anxiety [30].

3.4. Carbohydrates

One trend that was observed among the carbohydrate studies was a relationship
between higher intake of simple or refined carbohydrates, higher glycemic index diet, or
sugar intake, and higher levels of anxiety (Figure 7). This association was reported by
several animal and observational studies. Similarly, 75% of the 12 animal studies and the
only human experimental trial assessing the impact of artificial sweeteners (aspartame,
saccharin, and sorbitol) reported an increase in anxiety symptoms. One observational
study reported on the relationship between fiber and anxiety; at long term follow up two to
three years after completing a program aimed at increasing fiber intake, 14 irritable bowel
syndrome patients reported lower anxiety symptoms [31].
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Very limited research has been undertaken in the form of human experimental studies
that sought to reduce carbohydrate intake (n = 4); none included participants with anxiety
disorders. Of four studies, one study involving obese or overweight participants reported
an improvement in anxiety symptoms following a low carbohydrate diet. Eight studies
evaluated the effect of consuming sweetened drinks on anxiety in humans. These studies
administered carbohydrate-rich drinks to patients undergoing surgical procedures and
measured the immediate effects on anxiety symptom severity, often in comparison with
pre-operative fasting. The findings of these studies were mixed.
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3.5. Protein

Limited research has investigated the effects of different levels of dietary protein
on anxiety symptom severity or disorder prevalence (Figure 8). Two thirds of the 12 ani-
mal studies assessing the impact of protein malnutrition reported a worsening of anxiety
symptoms. Four human experimental studies delivered a high protein diet; three studies,
involving participants without anxiety disorders, reported no effect on anxiety symptom
severity. One experimental study involving three participants with elevated anxiety symp-
toms reported improvement following a high protein, low carbohydrate diet [32]. A very
small amount of research has been completed comparing plant and animal sources of pro-
tein. One observational study reported a benefit with higher intake of animal protein [33],
the other reported no difference [34]. The food additive monosodium glutamate (MSG), a
modified amino acid, was associated with increased levels of anxiety in animal models.
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There was an association between higher anxiety symptoms and tryptophan depletion,
among human experimental studies. Supplementation of tryptophan resulted in decreased
anxiety symptoms in both animal and experimental studies. Of the studies assessing the ef-
fect of tryptophan depletion, 10 involved individuals with anxiety disorders; five reported
no effect while five reported a worsening of anxiety symptoms. Of the studies adminis-
tering a tryptophan supplement, two involved individuals with anxiety disorders [35,36];
both studies reported improvement.

3.6. Fats

Compared with other categories of nutrients, a large number of animal studies have
investigated the effects of increased intake of fat on rodent models of anxiety (Figure 9).
Many animal studies (n = 39) have reported an anxiogenic effect of a high fat diet. A
smaller number have reported a similar effect from diets high in cholesterol (n = 5) and
trans fats (n = 6). A large number of animal studies have reported anxiolytic effects of
omega-3 fatty acids (n = 35), Docosahexaenoic acid (n = 9), Eicosapentaenoic acid (n = 3),
and alpha-linolenic acid (n = 4). Human observational studies reported an association
between higher intake of omega-3 fatty acids and lower levels of anxiety.



Nutrients 2021, 13, 4418 10 of 24

Nutrients 2021, 13, x FOR PEER REVIEW 10 of 24 
 

 

one trial involved participants with anxiety disorders [40]. In this trial, researchers pro-
vided polyunsaturated fatty acids (omega-3 and omega-6) to 126 sufferers of test anxiety 
and reported an improvement in symptom severity after three weeks. 

 
Figure 9. Studies assessing dietary fats and anxiety. █ Higher intake or levels associated with decreased anxiety. █ No 
association between intake or levels and anxiety. █ Higher intake or levels associated with increased anxiety. 

3.7. Vitamins 
A large number of animal studies (n = 56) have investigated the effects of vitamins B, 

C, D, E, choline, and folic acid and reported primarily anxiolytic effects (Figure 10). 
Among the human observational studies, the majority of studies assessing vitamin C, vit-
amin E, and broad-spectrum micronutrients reported an association with less anxiety 
symptoms while the majority of the studies assessing levels or intake of B vitamins and 
folic acid reported no association with anxiety symptom severity. Additionally, five case 
reports reported improvement in anxiety symptoms following broad-spectrum micronu-
trient supplementation. 

Among the human experimental studies, several studies reported improved anxiety 
symptoms following supplementation of vitamin C (n = 3) and broad-spectrum micronu-
trients (n = 12); mixed findings were reported by studies assessing vitamin D, B vitamins, 
and folic acid. Two human experimental studies involved participants with anxiety dis-
orders. These trials delivered vitamin D [41] and two different broad-spectrum vitamin 
and micronutrient formulas [42], one assessed at a low and high dose. Both studies re-
ported a reduction in anxiety symptoms. 

A number of studies were identified that delivered combination natural health prod-
ucts to human (n = 22) or animal (n = 11) participants. The formulas included combinations 
of vitamins (typically two or three) or combinations of fatty acids, vitamins, minerals, pro-
biotics, and amino acids. Among the human studies, 16 of 22 reported a significant im-
provement in anxiety symptoms. Among the animal studies, eight of 11 reported a signif-
icant improvement. The remaining studies reported no change. Two human trials in-
volved participant with anxiety disorders or elevated anxiety symptoms. One included 
individuals with GAD [43], one included individuals with high trait anxiety levels [44]. 
The former delivered a combination of three vitamins (A, C, and E) and reported an im-
provement. The latter delivered a combination of probiotics, B vitamins and proteins and 
did not find a reduction in anxiety symptoms; however, other self-reported and biological 
markers of stress improved. 

Figure 9. Studies assessing dietary fats and anxiety. n Higher intake or levels associated with decreased anxiety. n No
association between intake or levels and anxiety. n Higher intake or levels associated with increased anxiety.

Twenty-two human experimental studies have measured changes in anxiety symp-
toms following supplementation with omega-3 fatty acids. Eleven studies reported an
improvement in anxiety symptoms, the remaining studies were equivocal. Two of three
meta-analyses of trials delivering omega-3 fatty acid supplements reported benefit to
anxiety symptoms [37–39]. While nine of the experimental studies included participants
with psychiatric disorders such as eating disorders, substance use disorders and ADHD,
only one trial involved participants with anxiety disorders [40]. In this trial, researchers
provided polyunsaturated fatty acids (omega-3 and omega-6) to 126 sufferers of test anxiety
and reported an improvement in symptom severity after three weeks.

3.7. Vitamins

A large number of animal studies (n = 56) have investigated the effects of vitamins B,
C, D, E, choline, and folic acid and reported primarily anxiolytic effects (Figure 10). Among
the human observational studies, the majority of studies assessing vitamin C, vitamin E,
and broad-spectrum micronutrients reported an association with less anxiety symptoms
while the majority of the studies assessing levels or intake of B vitamins and folic acid
reported no association with anxiety symptom severity. Additionally, five case reports
reported improvement in anxiety symptoms following broad-spectrum micronutrient sup-
plementation.
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Among the human experimental studies, several studies reported improved anxiety
symptoms following supplementation of vitamin C (n = 3) and broad-spectrum micronu-
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trients (n = 12); mixed findings were reported by studies assessing vitamin D, B vitamins,
and folic acid. Two human experimental studies involved participants with anxiety disor-
ders. These trials delivered vitamin D [41] and two different broad-spectrum vitamin and
micronutrient formulas [42], one assessed at a low and high dose. Both studies reported a
reduction in anxiety symptoms.

A number of studies were identified that delivered combination natural health prod-
ucts to human (n = 22) or animal (n = 11) participants. The formulas included combinations
of vitamins (typically two or three) or combinations of fatty acids, vitamins, minerals,
probiotics, and amino acids. Among the human studies, 16 of 22 reported a significant
improvement in anxiety symptoms. Among the animal studies, eight of 11 reported a
significant improvement. The remaining studies reported no change. Two human trials
involved participant with anxiety disorders or elevated anxiety symptoms. One included
individuals with GAD [43], one included individuals with high trait anxiety levels [44].
The former delivered a combination of three vitamins (A, C, and E) and reported an im-
provement. The latter delivered a combination of probiotics, B vitamins and proteins and
did not find a reduction in anxiety symptoms; however, other self-reported and biological
markers of stress improved.

3.8. Minerals

The minerals that were assessed for an impact on anxiety symptoms in animal models
most frequently are zinc, magnesium, manganese, and selenium (Figure 11). The animal
studies reported a largely consistent anti-anxiety effect from supplementing these nutrients.
The observational studies assessing tissue levels of magnesium most frequently reported
no association with anxiety levels or anxiety disorder prevalence. Observational studies
assessing tissue levels of zinc reported a combination of protective effects and no association
while the observational studies assessing selenium primarily reported an association
between higher intake and lower symptom severity. A small number of observational
studies reported an association between higher copper or sodium and increased anxiety
symptoms or disorder prevalence.
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A limited number of intervention studies have delivered minerals in supplemental
form, including selenium, zinc, magnesium, iron, copper, and calcium. All four studies that
administered selenium supplements reported improvement in anxiety symptoms. Studies
administering other minerals reported a mixture of anti-anxiety effects and no effect. Only
one experimental study included participants with anxiety disorders [45]. This open label
study provided zinc to 38 participants for eight weeks and reported an improvement in
anxiety symptoms.
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3.9. Vegetables and Fruit

The results of the studies related to vegetables and fruit were largely positive (Figure 12).
The majority (64%, n = 60) of the studies were conducted in animal models. These trials
involved the administration of single fruits or vegetables and 58 of 60 reported a reduction
in anxiety symptom severity. The most commonly studied foods included citrus fruits
(n = 13), grape (n = 7), berries (n = 6), pomegranate (n = 6), fennel (n = 4), and lettuce
(n = 4) with a wide variety of vegetables and fruits used in the remaining studies. Several
observational studies reported an association between higher fruit and vegetable intake and
lower levels of anxiety symptoms or disorder prevalence. A small number of intervention
studies increased intake of individual vegetable or fruits; studies delivering cherries,
tomato juice, orange juice, and fennel reported reduction of anxiety symptom severity.
Three experimental studies delivered interventions aimed at increasing intake of vegetable
and/or fruit servings consumed by participants [46–48]. Two reported a decrease in anxiety
symptoms. None of the human experimental studies involved participants with anxiety
disorders.
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3.10. Phytochemicals

A large number of studies have explored the effects of caffeine on anxiety symptoms
(Figure 13). Many of these animal (n = 37) and human experimental (n = 33) studies
administered caffeine as a supplement or provided energy drinks to subjects. While the
animal studies reported a mixture of anxiogenic and anxiolytic effects, the observational
and human experimental studies were more likely to report worsening anxiety symptoms
with higher intake of caffeine. Several animal and human experimental studies assessed the
impact of green tea and its constituents epigallocatechin-3-gallate (EGCG) and l-theanine on
anxiety levels. The studies reported primarily anti-anxiety effects; however, a meta-analysis
of trials delivering L-theanine and EGCG failed to detect a significant benefit [49].

Anti-anxiety effects have been reported in animal studies assessing a wide range of
plants and plant constituents that may be found in the North American diet with pri-
marily anxiolytic findings reported. These included culinary herbs (rosemary, cinnamon,
coriander, basil, and nigella), herbal teas (chamomile, hibiscus, and rose tea), the phytonu-
trients curcumin (found in turmeric), quercetin (found in various vegetables and fruits),
resveratrol (found in grapes), saffron and its constituents, soy and its constituents and
other phytoestrogenic foods, nut and seed extracts, chocolate and cocoa and a variety
of flavonoids, polyphenols, and carotenoids. Additionally, human experimental studies
delivering green tea, curcumin, saffron, chamomile, and soy also reported anti-anxiety
effects. Meta-analyses of experimental studies using chamomile [50], saffron [51], and
curcumin [52,53] found a decrease in anxiety symptoms, while the meta-analysis of studies
administering resveratrol reporting a non-significant improvement [54]. A small number
of the human experimental studies involved participants with anxiety disorders including
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three studies using chamomile [55–57], two using saffron [58,59], one using curcumin [60],
and one using l-theanine [61]. All trials, with the exception of the l-theanine study [61],
reported a reduction in anxiety symptoms severity.
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3.11. Food Allergy and Intolerance

A small body of evidence, primarily observational in nature, suggests a possible
connection between food allergy or intolerance and anxiety symptoms (Figure 14). Eleven
of thirteen studies found higher levels of anxiety symptoms in participants with celiac
disease or a food allergy. Consumption of a gluten-free diet or avoidance of other food
allergens was associated with improved anxiety symptoms in observational studies and two
case reports. Seven experimental studies have assessed these diet interventions with three
reporting benefit. Participants were predominantly irritable bowel syndrome sufferers;
none included individuals with anxiety disorders.
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3.12. Gut Microbiome

A number of studies have assessed the impact of probiotic and prebiotic supple-
mentation in animals and humans (Figure 15). Animal trials have reported significant
improvement in anxiety symptoms with supplementation of Lactobacillus strains, Bifidobac-
terium strains, combinations of Lactobacillus and Bifidobacterium strains, prebiotics, and
synbiotics (combinations of prebiotics and probiotics). Interventions aimed at increasing
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microbiome diversity or addition of fermented foods or fiber were associated with de-
creased anxiety symptom severity. Administration of pathogenic organisms and antibiotics
were associated with worsening anxiety symptom severity.
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Among the human studies, predominantly positive findings were reported by trials
administering Bifidobacterium strains and multi-strain probiotics while trials administering
Lactobacillus strains, combinations of Lactobacillus and Bifidobacterium strains, and prebiotics
reported either positive findings or no effect. Two trials involved participants with anxiety
disorders [62,63]; one reported a benefit [63]. Three meta-analyses have pooled the trials
assessing anxiety outcomes following probiotic supplementation [64–66]; one of three
reported a significant improvement [65].

4. Discussion

The results of this scoping review suggest a possible association between more or less
anxiety and a range of dietary constituents and patterns. Table 1 presents a summary of
the associations identified in this review.

Table 1. Summary of nutrients and diet patterns associated with more or less anxiety symptom severity or disorder prevalence.

Association with Less Anxiety Association with More Anxiety

• Vegetables and Fruit
• Omega-3 Fatty Acids, Alpha-lipoic acid, Omega-9 Fatty acids
• Nuts and seeds
• “Healthy” Dietary Patterns, Mediterranean diet, Traditional

Dietary Patterns, Anti-inflammatory diet pattern
• Caloric Restriction
• Fasting or intermittent fasting
• Breakfast Consumption
• Broad-Spectrum Micronutrients
• Vegan Diet
• Zinc, Magnesium, Selenium
• Vitamin C, Vitamin E, Choline
• Ketogenic Diet
• Food sources of Lactobacillus and Bifidobacterium
• Culinary herbs, Turmeric, Saffron, Soy, Green tea, Herbal tea,

Quercetin, Resveratrol, other phytochemicals (flavonoids,
polyphenols, carotenoids)

• High-fat diet, high cholesterol, high trans fat
• Inadequate tryptophan and dietary protein
• High intake of sugar and refined carbohydrates,

artificial sweeteners
• “Unhealthy” Dietary Patterns, typically defined as high in

unhealthy fats and refined sugars
• Snacking
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4.1. Dietary Patterns

Overall, there is evidence that certain dietary patterns may influence the development
and progression of anxiety disorders. The diets associated with lower anxiety include
“healthy” diet patterns, the Mediterranean diet, traditional diets, the anti-inflammatory
diet, and diets with increased variety. All of these diet patterns share common elements
such as an emphasis on vegetables, fruit, limited sugar and refined grains, and greater
consumption of minimally processed foods. However, interpretation of dietary patterns
studies is somewhat hindered by the dissimilar definitions used for dietary patterns. For
example, in the studies delivering “Western” style high fat/high sugar diets meant to
induce obesity, a variety of dietary fats were used. The fats used to supplement some
of the high fat diets included lard [67], fish oil [68], soybean oil [69] while other studies
specified the percentage fat in the diet but not the type of fat that was added to achieve
this amount [70–72]. Because the impact of different fatty acids on health outcomes can be
highly different [73], categorizing diets as low or high in fat may result in heterogenous
findings as a result of the type of fat delivered. Similarly, definitions of “healthy” diets
have changed over time [74], potentially contributing to the heterogeneity of study results.
Unfortunately, many studies lacked clear definitions of “healthy” or “unhealthy” diet
patterns and interventions.

The outcomes associated with the vegetarian or vegan diet were generally positive
although somewhat mixed and limited by being largely observational in design. The mixed
findings may be due to a variety of factors. There is documentation of the adoption of
a vegetarian or vegan diet following the development of an eating disorder [75]. Given
the association between eating disorders and anxiety disorders [76], this may explain the
association between vegetarianism and higher anxiety found in some observational studies.
Furthermore, vegan diets, without adequate supplementation, may lack certain essential
nutrients shown to play a role in anxiety disorders such as vitamin B12 [77] and long
chain omega-3 fatty acids (EPA and DHA) [78]. Bioavailability of certain nutrients such
as iron differ between plant and animal sources, possibly limiting nutrient absorption in
vegan diets.

There is a significant lack of human intervention studies involving participants with
anxiety disorders or elevated baseline anxiety symptoms. Many studies employed dietary
patterns that were indicated for the other medical concerns of the study participants. For
example, studies delivered the Low FODMAP diet to participants with irritable bowel
syndrome and hypocaloric diets to participants with obesity and assessed changes in
anxiety as secondary outcomes. The mechanisms by which dietary patterns impact anxiety
symptoms may be the result of a combination of the mechanistic factors discussed in the
following sections.

4.2. Carbohydrates

The findings of the carbohydrate studies suggest that high intake of sugar and refined
carbohydrates may contribute to anxiety symptoms; however, a large proportion of trials
are cross-sectional in design, preventing conclusions about causation. There is a need for
intervention studies that assess the impact of differing levels of carbohydrate intake in
participants with anxiety disorders.

With respect to mechanism, there is evidence that healthy blood sugar regulation is an
important factor in mental wellbeing [79]. This relationship may explain the associations
seen in the present review between factors that improve blood sugar regulation and lower
levels of anxiety symptoms. These include lower intake of sugar and refined carbohydrates,
higher fiber intake, regular meals, and caloric restriction.

4.3. Protein

The evidence related to the role of protein in anxiety symptoms is preliminary. There
is some evidence suggesting that adequate dietary protein and, in particular, adequate
tryptophan, may be important in improving anxiety symptoms. Amino acids serve as the
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building blocks for neurotransmitter synthesis, with tryptophan needed for the production
of serotonin [80]. The established role of serotonin in the pathogenesis of anxiety disor-
ders [81] may explain the potential harm associated with inadequate dietary protein and
tryptophan. This evidence is strengthened by the involvement of many participants with
diagnosed anxiety disorders in the intervention studies included in the present review. The
human experimental studies used doses of tryptophan ranging from 250 mg per day from
a food source (squash seeds) to 3 g per day as a supplement. Although these doses are
considered to be below the level associated with side-effects [82], the trial that adminis-
tered 3 g per day reported side effects such as itching, nausea and urinary changes [83].
Tryptophan supplements should not be used in combination with serotonergic medications
such as SSRI/SNRI due to the possible risk of precipitating serotonin syndrome [84]. Food
sources of tryptophan include egg, soy, seeds, fish and meat [85].

4.4. Fats

Overall, there is significant animal and human evidence that adequate or supplemental
omega-3 fatty acids may have anti-anxiety effects. There is early evidence, predominantly
from animal studies, that diets high in total fat, cholesterol, or trans fat may have an
anxiogenic effect. With respect to a possible mechanism, there is evidence that inflamma-
tion plays an important role in the pathogenesis of psychiatric disorders [86], including
anxiety [87], and that dietary fats can influence levels of inflammation [88]. Through their
effects on enzyme pathways involved in the production of anti-inflammatory cytokines,
omega-3 fatty acids contribute to lower levels of inflammation [89]. Conversely, omega-6
fatty acids increase levels of inflammation through increased pro-inflammatory cytokine
production. Additionally, there is evidence that omega-3 fatty acids impact oxidative
stress [90], neurotransmission [91], and neuroplasticity [92], which are known or hypoth-
esized mechanisms for their use in the treatment of anxiety disorders [93,94]. Dietary
omega-3 sources include fish and seafood, as well as flax seeds, chia and hemp seeds.

One somewhat inconsistent finding that has been observed in the present review is the
impact of high fat diets. A large number of animal studies (39 of 63) reported a worsening of
anxiety symptoms in response to intake of a high-fat diet. In contrast, the studies assessing
the ketogenic diet, a diet that is very low in carbohydrates and generally high in fat content,
suggest a possible therapeutic benefit. While these findings may be considered conflicting,
it is speculated that the type of dietary fats used may have differed, with the high-fat diet
delivered to the animals being composed of more omega-6, saturated and trans fatty acids.
As such, the type of dietary fat, may be a significant factor in addition to the quantity of
fat consumed.

4.5. Vitamins and Minerals

There is significant animal data suggesting an anxiolytic effect of several vitamins and
minerals as well as supplemental formulas which deliver a combination or broad range of
micronutrients. Given the presence of micronutrients in whole, unprocessed foods such as
vegetables, fruit, and whole grains, these findings add evidence to the importance of eating
a healthy diet containing a variety of unprocessed foods. Intake of foods that provide a
rich source of zinc (oysters, crustaceans, meat, organ meat, leafy and root vegetables [95]),
and selenium (Brazil nuts, seafood, meat, beans, and lentils [85]) could be prioritized.

Micronutrients such as zinc and selenium are necessary as coenzymes in the synthesis
and regulation of neurotransmitters and neurotrophic factors [96] which may explain
their importance in maintaining mental wellbeing. Additionally, B vitamins and folic
acid contribute to the methylation balance which is hypothesized to be relevant to the
pathophysiology of psychiatric illnesses [97].

4.6. Vegetables, Fruits, and Phytochemicals

There is fairly consistent evidence that vegetables, fruit, and plant constituents may
exert anti-anxiety actions; however, the majority of the evidence comes from animal studies.
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Caffeine on its own or added to energy drinks appears to be associated with increased
anxiety. Whole foods containing caffeine such as coffee, teas and cacao may have beneficial
or equivocal impacts on anxiety, likely due to the co-occurrence of caffeine with other
beneficial phytochemicals. Vegetables and fruit contribute to lower levels of inflammation
and oxidative stress through their phytochemical and antioxidant constituents [98].

4.7. Food Allergy and Intolerance

The body of evidence related to the connection between food allergies and anxiety
symptoms is limited and the majority of the evidence pertains to the presence of elevated
anxiety symptoms among individuals with celiac disease and the anti-anxiety effects of
implementing a gluten-free diet in this population. The presence of neuropsychiatric
symptoms in celiac disease is established, with hypothesized mechanisms including mi-
cronutrient deficiency due to malabsorption and hyperhomocysteinemia [99]; however, it
is unclear how the findings of these studies may apply to anxious individuals unaffected
by celiac disease.

4.8. Gut Microbiome

Preliminary evidence suggests that the intake of beneficial microorganisms and prebi-
otic fiber may be beneficial in the treatment of anxiety. Habitual diet strongly influences the
composition of the gut microbiome, thus adding more rationale for the inclusion of fruits,
vegetables, fiber, and fermented foods in the diet [100]. Potential mechanisms for the im-
pact of the microbiome on psychiatric wellbeing include the modulation of the production
of gut peptides involved in the gut-brain axis [101] and neurotransmitter synthesis [102].

4.9. Strengths and Limitations

Strengths of the present review include an extremely rigorous search strategy intended
to capture the full range of publications presenting data on this topic. A priori inclusion
criteria and duplicate screening decreased the risk of bias. Completion of the project
by an interdisciplinary team including clinicians and researchers contributed a range of
perspectives and expertise.

The very large scope of this review was both a strength and limitation. Due to the
very large volume of articles included in the review, in-depth analysis of individual articles
was not possible. The results of the review may include over-simplification of the findings
and a lack of attention to evaluating study quality, assessing study or publication bias, or
providing contextual information (e.g., dose). In our data extraction and analysis we did
not evaluate of the methods used for assessing participant anxiety symptoms or disorders,
Anxiety symptoms can be assessed through a variety of methods including clinician- or
self-administered questionnaires, or interviews which may utilize a range of diagnostic
criteria. These different methods differ in their reliability as well as the exact nature of the
symptoms or disorders that they assess. As a result, the studies included in this review
report on relationships between food and a heterogeneous group of outcomes including
the presence or absence of different anxiety disorders and a range of anxiety symptoms.
The decision to include this heterogenous collection of research was an effort to capture a
broad range of data related to this topic.

Another limitation of the present review is the unclear relevance of experimental
studies which assessed the impact of high dose supplements of a dietary constituent. Doses
of some of the nutrients delivered in trials as dietary supplement, such as zinc and omega-3
fatty acids, can be achieved through dietary modification; however, some of the nutrients,
such as vitamin B6 (50 mg/day) were delivered in doses that cannot be achieved with
food alone.

Another limitation was the exclusion of studies that failed to report changes in anxiety
separately from other outcomes. Several studies that were not included in the present anal-
ysis reported ‘psychological distress’ as a composite of anxiety and depression symptoms
but did not report anxiety results alone [103,104]. These studies were excluded from the
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present analysis as the purpose of this project was to identify research reporting anxiety
outcomes specifically; however, it is noted that this resulted in the exclusion of a number
of articles (n = 22).

The ability to draw conclusions from the data is also limited by a number of factors
related to the methodology used in the included studies. This scoping review included a
large number of animal studies which may have unclear applicability to humans. There
are well established tests designed to measure changes in anxiety levels in animals through
monitoring their behavior in a variety of experimental settings [105]; however, the ap-
plicability of these results to the human experience of anxiety is inherently limited. The
benefits of animal research include the ability to manipulate dietary factors in a highly
controlled environment, the ability to observe effects rapidly as a result of the animals’
reduced lifespan and the ability to withhold potentially beneficial nutrients. There were
also a large number of observational studies, mostly cross-sectional in nature. This type of
study cannot draw conclusions about causality. The association between diet and mental
health is known to be highly complex and bidirectional. While there is robust evidence
that dietary patterns impact the likelihood of developing mental illness [14], there is also
evidence that mental illness impacts eating behaviors [106]. This occurs through changes
in motivation and appetite that can results from mental illness [107] and metabolic changes,
increased appetite and cravings, and gastrointestinal distress [108] that can occur as a
results of psychiatric medications [109]. Additionally, confounding factors such as eating
disorders may be responsible for associations that are present. Given this bidirectional rela-
tionship, the findings of cross-sectional studies have limited ability to answer the question
of how food impacts anxiety. While a small number of prospective observational studies
were identified in the present review, additional prospective studies are needed in order to
accurately assess the impact of dietary patterns on the development of mental disorders,
particularly the avoidance of potentially beneficial foods and increased intake of potentially
harmful foods, which cannot be studied using an experimental design for ethical reasons.

Another important consideration when interpreting the study findings is the potential
for difference between short- and long-term impacts of food on anxiety symptoms. As
previously mentioned, it is known that the relationship between mental health symptoms
and diet choices is bidirectional; emotional symptoms may drive eating behavior because of
their immediate effects on the mitigation of emotional symptoms. The term “comfort eating”
has been used to describe the phenomenon where individuals consume foods, especially
those higher in calories, sugar, and fat, in response to negative affect [110]. Evidence from
mechanistic studies suggest that corticosterone, a stress hormone, positively influences an
animal’s intake of a sweet beverage [111] and that consumption of comfort food decreases
mRNA production of hormones related to the stress response in animals [110]. It has been
hypothesized that comfort eating is a behavior that decreases the stress-response during
the experience of anxiety [110]. This phenomenon might explain some of the mixed finding
of the present study. When considering the studies using “unhealthy”, “cafeteria”, or
Western diets in animal models, 17 studies reported a decrease in anxiety symptoms and
21 reported an increase in anxiety symptoms. In contrast, of the 17 human observational
studies assessing the relationship between unhealthy diet patterns and anxiety symptoms,
15 reported an association with more anxiety, and two reported no association. The mixed
findings among the animal studies may be due to the duration of the experiment. Many
of these studies assessed the impact of three to four weeks of the diet exposure on animal
behavior and many of the studies reporting benefit assessed the impact of the diet on
animals experiencing stress. The reported beneficial effects may be capturing the short-term
stress-reducing effect of foods high in sugar and fat. In contrast, the human observational
studies may have been capturing the effects of chronic consumption of unhealthy diets.

Another limitation that impacts the ability to draw clear conclusions from the present
data is the enormous complexity of studying nutritional science. When considering the
role of macronutrients (carbohydrates, protein, and fat), it is necessary to consider both
the amount and type of the nutrient consumed. As highlighted previously, studies which
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categorized dietary patterns as high or low in macronutrients such as fat or carbohydrates
may not have considered the types of fat or carbohydrates being consumed. Given the
highly different health impacts of complex and refined carbohydrates, significant atten-
tion should be given to the studies differentiating these rather than those assessing total
carbohydrates only.

Only a small number of intervention studies involved participants with anxiety dis-
orders, many involved healthy participants or individuals with medical illnesses such as
irritable bowel syndrome, diabetes, and cardiovascular disease. This has several impli-
cations. First, many of these studies were designed to assess cardiometabolic outcomes
primarily and the studies may have not been adequately powered to detect changes in
mental health symptoms. Secondly, the participants recruited to participate in these studies
related to physical illness may have had low baseline levels of anxiety symptoms making it
difficult to detect statistically significant changes in symptoms or becoming more suscepti-
ble to other scale attenuation effects (e.g., floor and ceiling effects). Thirdly, the impact of
a nutritional intervention on a healthy or non-anxious individual may not be relevant to
understanding how the intervention might impact individuals with clinically significant
anxiety disorders. There is a clear need for intervention studies enrolling participants with
anxiety disorders or elevated anxiety symptoms. Similarly, studies designed with changes
in mental health symptoms as the primary outcomes are needed.

5. Conclusions

Although the results of this review reflect a field of study that is preliminary and
emerging, the findings are consistent with established evidence about healthy eating pat-
terns [112]. There is evidence of an association between healthy eating patterns and reduced
anxiety symptoms. In the absence of a contraindication such as an allergy or specific med-
ical condition, dietary interventions are considered low in risk, cost-effective [113], may
confer secondary benefit to physical aspects of health and have at least some evidence
suggesting a beneficial effect. However, the delivery of nutritional counselling as part of
the treatment of anxiety disorders by primary care, psychiatry, dieticians, naturopaths, or
other care providers is currently limited.

Prospective observational studies are needed to more clearly establish the causal role
of diet factors in the development and progression of anxiety disorders. High quality
intervention studies involving participants with anxiety disorders are warranted in order
to evaluate the therapeutic potential of nutrition interventions in the management of
anxiety disorders.
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