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The Role of the Lebanese Mediterranean Diet on 

Gut Health, Anxiety, and Depression 

Dana Abdulghani 

ABSTRACT 

Objectives: A Mediterranean-style diet (MeDi) that is rich in high proportion of fibers, 

healthy fats, antioxidants, and polyphenols has been associated with the prevention of 

several metabolic diseases. Adherence to the MeDi has been also shown to lower the 

risk of mental disorders, including anxiety and depression. Several studies have shown 

that MeDi has been also associated with beneficial changes in gut microbiome 

composition. The gut microbiome plays an important role in host health and disease. 

A bacterial imbalance of the gut has been linked to several mental illnesses including 

anxiety and depression too. The role of gut health on anxiety and depression might be 

attributed to the effect of the MeDi on gut health. Previous studies have shown that 

the Lebanese population has low to moderate adherence to MeDi. Furthermore, the 

effect of this moderate adherence on gut microbiota and on mental health is still 

missing among Lebanese adults. Therefore, the aim of this study is to examine how 

adherence to the MeDi affects depression and anxiety via its effect on gut microbiota 

among Lebanese adults. 

Methods: This is a pilot cross-sectional study conducted on 75 Lebanese adults aged 

between 45-65 years recruited from different Lebanese governorates, including Beirut, 

South Lebanon, and Mount Lebanon. Participants were sent an online invite to our 

study through different social media platforms (WhatsApp and Instagram), in which 

information on dietary intake, depression, anxiety, and gut health was collected. 

Dietary intake was assessed by a 61-item FFQ. Adherence to the Mediterranean diet 

was calculated by the (Lebanese Mediterranean Diet) LMD index. The gastrointestinal 

health of the Lebanese adults was evaluated using 9 items of the validated Structured 

Assessment of Gastrointestinal Symptom (SAGIS) related to the lower GI tract. 

Depression was assessed using the Patient Health Questionnaire (PHQ-9). Anxiety 

was assessed using the 7-item tool Generalized Anxiety Disorder (GAD-7). Data were 

analyzed using STATA version 13. Logistic regression models adjusted for 
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sociodemographic and clinical covariates were used to assess the association between 

LMD, gut health anxiety, and depression. 

 Results: Among the 68 participants, 48 (70.59%) were females, and the mean age of 

the whole sample of 55.15 ± 5.5 years. At a logistic regression level, after adjusting 

for several confounders (age, gender, education, BMI, medications, and physical 

activity) it has been shown that having high adherence to LMD compared to low 

adherence were associated with depression (OR=8.16, 95%CI:1.16-57.28, P=0.035). 

However, high adherence to LMD was not associated with anxiety 

(OR=0.89,95%CI:0.23-3.4, P=0.866). nor gut health (OR=3.86, 95%CI: 0.78-18.96, 

p-value: 0.097). Also, scoring more than the mean (>4) for gut health appeared to be 

associated with depression (OR= 5.64,95%CI: 1.23-25.7, P=0.025) but not with 

anxiety ([OR= 2.29,95%CI: 0.66-7.93, P=0.188). 

Conclusion:   Our results have shown that a higher LMD adherence was associated 

with a higher prevalence of depression which is counterintuitive while no significant 

associations were observed between LMD and anxiety nor gut health. On the other 

hand, we observed a significant association between gut health and depression with 

worse gut health was associated with a higher prevalence of depression but not with 

anxiety. Furthermore, we were not able to demonstrate that LMD would influence 

depression and anxiety via its mediated effect on gut health  ince LMD was not 

associated with mental health nor associated with gut health. Future longitudinal and 

randomized studies with a larger sample size are needed to clarify the relationship 

between LMD, gut health, depression, and anxiety.  

 

Keywords: Lebanese Mediterranean diet, Gut health, Depression, Anxiety, 

Lebanese adults 
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Chapter 1 

Literature Review 
 

1.1: Overview of the Mediterranean Diet and Its Impact on Health 
 

A Mediterranean-style diet (MeDi) is a nutritionally balanced diet that is 

based on the increased intake of fruits and vegetables, legumes, nuts, and fish. It is 

also characterized by the moderate consumption of alcohol and low consumption of 

red meat and poultry (Nagpal et al,2019). Many of the characteristic components of 

the MeDi have functional features and affect our health and well-being positively. 

Several studies indicated that higher adherence to the MeDi is associated with a 

lower risk of mortality (Canudas et al.,2020, Dinu et al, 2018, Estruch et al.,2018, 

Soltani et al., 2019). It has been also demonstrated that MeDi exerts a preventive 

effect on cardiovascular diseases (Khan et al., 2021). The PREDIMED study, a large 

Spanish cohort study including 744participants (55 to 80 years of age, 57% women) 

was done to assess the long-term effects of the MeDi on incident CVD in men and 

women at high cardiovascular risk. It showed that the incidence of major 

cardiovascular events was lower among those assigned to a MeDi supplemented with 

olive oil or nuts (Martinez-Lapiscina et al, 2013). There is also evidence that MeDi 

has a potential role in preventing certain types of cancers (Schwingshackl et 

al,2015). In fact, the European Prospective Investigation into Cancer and Nutrition 

(EPIC) study, which was conducted on 519,978 participants to investigate the 

relationships between diet the incidence of cancer and other chronic diseases. It was 

shown that MeDi represents the best food model in the prevention of cancer diseases. 
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Moreover, the intake of flavonoids would seem to reduce the risk of developing 

gastric cancer (Parke et al, 2012). A recent umbrella review of 13 meta-analysis of 

observational studies and 16 meta-analyses of RCTs that included a total population 

of over 12,800,000 persons aimed to evaluate the association between the adherence 

to the MeDi and multiple health outcomes. It was concluded that there is strong 

evidence from observational studies that greater adherence to MeDi is associated 

with lower risk of CVD, coronary heart diseases (CHD), myocardial infarction, 

diabetes, and other diseases (Dinu et al,2018). Furthermore, meta-analyses of RCTs 

demonstrated that participants following a MeDi had better metabolic parameters 

and lower risk of cardiovascular outcomes compared with participants following 

control diet (Dinu et al,2018). 

Finally, recent studies have shown that higher adherence to the MeDi is associated 

with a lower risk of mental disorders, including cognitive decline and depression 

(Pagliai et al, 2018, Ventriglio et al,2020).  

 

1.2: Effect of MeDi on Depression and Anxiety 
 

The association between MeDi and mental health is well-established (Shafiei 

et al,2019, Fraga et al., 2021, Ventriglio et al, 2020). A large French prospective 

study investigated the association between adherence to the MeDi and incident 

depressive symptoms over a 13-year follow-up period in 3523 non-depressed 

participants with a mean age of 49.5 years at baseline (Adjibade et al,2018). MeDi 

adherence was measured by a relative Mediterranean diet score (rMed) and was 

computed as a continuous variable. Incident depressive symptoms were defined by 

the Center for Epidemiological Studies-Depression CES-D score. (Adjibade et 
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al,2018). Results have shown that adherence to MeDi was significantly associated 

with a 9% lower risk of incident depressive symptoms, particularly in men 

(OR=0.91; 95%CI:0.83-0.99; p=0.03)) However, the associations were non-

significant among women (Adjibade et al,2018). Another cohort study was done on 

non-depressed 42,515 Swedish women with a mean age of 39.5 years (Yin et 

al,2021). Adherence to MeDi was calculated using a Mediterranean dietary pattern 

(MDP) and clinical depression was extracted from the National Patient Register (Yin 

et al,2021). After a follow-up of 20.4 years, it was shown that participants with 

medium and high adherence to MeDi had a lower risk of depression, and the risk of 

depression was reduced by a 5% per unit increase in adherence to MeDi (HR = 0.95, 

95%CI = 0.92-0.98) (Yin et al,2021).  

Additionally, a cross-sectional study aimed to examine the association 

between adherence to Mediterranean dietary patterns and the prevalence of 

depression and anxiety among a large population of 3172 Iranian adults aged with a 

mean age of 36.54 ± 4.97 years. They used a validated food frequency questionnaire 

for the assessment of dietary intakes, the Mediterranean Dietary Score (MDS) based 

on Trichoopoulo et al to examine the adherence to the MeDi, a validated version of 

the Hospital Anxiety and Depression Scale (HADS) for mental health. It has been 

observed that the higher adherence to the MeDi the lower odds for depression 

(OR=0.60, 95% CI: 0.46-0.78), anxiety (OR=0.61, 95% CI: 0.42-0.86) and anxiety 

(OR= 0.61, 95% CI: 0.42-0.86) compared with those with the lowest adherence 

(Sadeghi et al, 2021). 

Another cross-sectional study examined the association between the 

adherence to Mediterranean Diet Score (MDS) with depression and anxiety in 1634 

adults with a mean age of 52.0 ± 13.2 years in the Netherlands. Depression 
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symptoms were measured with the 30-item Inventory of Depressive 

Symptomatology and anxiety was measured using the 21-item Beck Anxiety 

Inventory. Results have shown that the higher the MDS score is protective against 

depression (OR= 0.77,95% CI: 0.66–0.90, P<0.01) and anxiety (β −0.11, 95% 

CI:−0.16, −0.06, p<0.01) (Gibson-Smith et al,2020). 

In addition, a cross-sectional study examined whether adherence to MeDi 

was associated with depressive symptoms in a representative sample of 11,769 U.S. 

adults with a mean age of 46.2 years old. MeDi was determined by the Alternate 

Med Diet score (aMED) and depression was determined by the Patient Health 

Questionnaire-9 (PHQ-9) (Oddo et al, 2022). Compared to individuals with the 

lowest MeDi adherence (Q1), individuals in the third and fourth quartiles had 40p 

and 45% lower odds of moderate to severe depressive symptoms (odds ratio [OR] = 

0.60, 95% confidence interval [CI]: 0.50- 0.74; OR = 0.55, 95% CI: 0.36-0.84, 

respectively) (Oddo et al, 2022). Lastly, a recent systematic review and meta-

analysis of observational studies of 20 longitudinal and 21 cross-sectional studies 

aimed to study the link between diet quality using several indices, including MeDi, 

and depressive outcomes. It showed that higher adherence to MeDi decreased the 

incident risk of depression (Lassale et a,2019). Therefore, it is widely recognized 

that MeDi plays a positive role on depression and anxiety especially among the adult 

population (Lassale et a,2019). 
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1.3: Effect of MeDi on Gut Health 
 

Gut microbiota is defined as the community of microorganisms residing in 

the intestine with the highest concentrations being found in the colon (Khan et al, 

2021).  It is colonized by different microbial species, some being protective as 

Bifidobacteria, Bacteriodetes, Lactobacillus, and others acting as harmful such as 

Enterobacter cloacae, Escherichia coli., Bacteroides, Clostridia…) (Del et al, 2014). 

Dysbiosis, defined as a bacterial imbalance, leads to a wide range of metabolic 

disorders and digestive disturbances including bloating, diarrhea, constipation, and 

stomach cramps (Hills et al,.2019).  

The gut microbiota composition is generally formed in early childhood, 

depending on geographical factors, the type of delivery, breastfeeding, age of 

weaning, antibiotic exposure, and dietary regimens (Duranti et al, 2017). But one of 

the most important modulators that influence the composition of gut microbiota is 

the host’s diet (Del et al, 2014). Several studies have shown that MeDi has been 

associated with beneficial changes in gut microbiome composition (Mitsou et 

al,2017). Adherence to MeDi appears to have significant beneficial effects on the gut 

microbiome composition (bacterial abundance and microbial metabolites) and 

function (Merra et al, 2020). A longitudinal prospective study examined the 

relationship between MeDi and the17-years risk of later-onset Crohn’s disease (CD) 

that is characterized by significant gut dysbiosis. This study included 83 147 

Swedish participants aged between 45–79 years. At baseline (in 1997), a validated 

FFQ was used to calculate an adherence score to a modified Mediterranean diet 

(mMED) and incident diagnoses of CD and UC were determined from the Swedish 

Patient Register. After a 17-years follow-up, the authors observed that a higher 

mMED score was associated with a lower risk of CD (p=0.03) (Khalili et al., 2020). 
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They speculated that the mechanism behind this relationship may be explained by 

the greater role of the gut microbiome in CD where CD is characterized by 

significant dysbiosis. Therefore, diet-induced changes in the gut microbiome may 

have a greater impact in preventing and treating CD (Khalili et al.,2020). 

Another cross-sectional study was conducted on 27 volunteers (16 females and 11 

males) whose mean age is 39.5 ± 7.3 years old and living in a Mediterranean area 

(Valencia, SPAIN) to study the effect of MeDi adherence on the gut microbiome 

(Garcia-Mantrana,2018). Results showed that low adherence to the diet (scoring less 

than 9) resulted in a higher Firmicutes-to-Bacteroidetes ratio, and when the 

participants had better adherence to the MeDi (scoring above 9), they had a greater 

presence of beneficial bacteria such as Bacteroidetes, indicating a better gut health 

(Garcia-Mantrana,2018). These results are in line with those of another cross-

sectional study that aimed to  explore the potential associations between MeDi 

adherence and gut microbiota characteristics and gastrointestinal health among 116 

Greek participants (61% males with a mean age of 42±13.33 years) (Mitsou et al, 

2017). Results have shown that high adherence to the MeDi as assessed via 

Mediterranean diet score (MDS) was correlated with lower Escherichia coli counts 

(harmful bacteria), increased level in beneficia bacteria such as Candida albicans, 

and a greater amount of SCFA acetate. This indicates that higher adherence to Medi 

is associated with a better gut microbial abundance which reflect a better gut health 

(Mitsou et al, 2017).  

A connection between the MeDi and fecal metabolic phenolic profile has also 

been recently shown in a randomized, multicenter, single-blind, controlled trial that 

analyzed the gut microbiota in 612 non-frail participants across five European 

countries (UK, France, Netherlands, Italy, and Poland). Participants were profiled 
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before and after a 12-month intervention. The control group followed a habitual diet 

and received only a leaflet with national dietary guidelines. The intervention group 

followed the NU-AGE diet (described in Berendsen et al., 2014) which consisted of 

individually tailored MeDi and received education with dietitians. It was observed 

that adherence to the MeDi was associated with an increase in microbiome diversity 

and an increase in SCFA production which is an indication of a better gut health 

(Ghosh et al, 2020).  

Lastly, a meta-analysis aimed to determine whether MeDi can be used as a 

preventive measure against gut related diseases. 16S RNA data from participants on 

diets such as MeDi or Western Diet, and patients with intestinal diseases. They 

observed that the microbiota associated with MeDi was enriched in beneficial 

bacteria that promote an anti-inflammatory environment (Oscar et al,2021). As a 

conclusion, dietary interactions especially MeDi play a vital role in modulating the 

gut microbiota and thus affecting the hosts gut health (Nagpal et al.,2019). 

 

 

1.4: Impact of Gut microbiota on Health 
 

Currently, the gut microbiota is considered one of the key elements 

contributing to the regulation of host health (de Vos et al,2022). By controlling 

numerous processes, such as nutrition absorption, inflammation, oxidative stress, 

immunological function, and anabolic balance, the human gut microbiota can have 

an impact on the host physiology (Valdes et al,2018). Two other ways how the gut 

microbiota influences the health of the host are the production of metabolic 

byproducts from dietary components like short-chain fatty acids (SCFAs) and the 

production of vitamins and vital amino acids (Fan et al, 2021). According to Valdes 
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et al. (2018), the primary metabolites produced in the colon by bacterial fermentation 

of dietary fibers and resistant starch are acetate, propionate, and butyrate (Silva et al, 

2020). Intestinal epithelial cells rely heavily on SCFAs for their energy, which also 

helps to keep the gut's oxygen levels balanced and guard against gut microbiota 

dysbiosis (Valdes et al,2018). Recent studies have shown the association between 

gut microbiota dysbiosis and non-communicable diseases, such as diabetes, obesity, 

cancer, gastrointestinal diseases such as irritable bowel syndrome (IBS), and 

neurological disorders (Valdes et al, 2018).  A cross-sectional study performed 

among 2166 participants from 2 Dutch population-based prospective cohorts to 

examine associations between gut microbiome composition and insulin resistance 

and type 2 diabetes (Chen et al, 2021). The study showed that higher microbiome 

richness as assessed by the 16S ribosomal RNA method was associated with less 

insulin resistance, and patients with type 2 diabetes had lower richness than 

participants without diabetes (Chen et al,2021).  Additionally, many studies have 

examined the gut microbiome and its relevance in specific gastrointestinal disorders 

such as intestinal bowel diseases (IBD), coeliac disease, irritable bowel syndrome, 

and much more (Caruso et al., 2020, Menees et al., 2018, Pecora et al.,2020). In 

particular, one study followed 132 participants for one year in order to generate 

integrated longitudinal molecular profiles of their microbial activity during the flare 

period of IBD. The findings revealed that dysbiosis was present in the gut 

microbiome during inflammatory bowel disease activity (Lloyd-Price et al.,2019). In 

conclusion, it is becoming evident that the gut microbiome plays an important role in 

regulating host metabolism and physiology. 
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1.6:  Gut health as a Modulator of the association between MeDi and 

depression and anxiety 
 

The host's health and mental health (including depression and anxiety) has 

been shown to be influenced by the gut microbiota composition (Hills et al,2019). 

One of the most important factors influencing the gut microbial community and its 

metabolic processes is the host's diet (Del et al, 2014). For instance, low 

consumption of fibers can lead to changes in the gut microbiome that are associated 

with low production of beneficial microbial metabolites, such as SCFAs that are 

involved in the modulation of host immune and inflammatory health status (Merra et 

al,2020). Epidemiological studies have found that the ‘Western-style’ dietary habits 

that are characterized by low consumption of nutritious foods and high consumption 

of simple sugars, saturated fat, red meat, and processed foods attribute to several 

chronic diseases and gut microbiota dysbiosis (Merra et al,2020).  On the other hand, 

it has been observed that MeDi has been associated with beneficial changes in gut 

microbiome composition (Mitsou et al,2017). This role of gut health on anxiety and 

depression might be attributed to the effect of the Mediterranean Diet (MeDi) on gut 

health (Ravinder et al.,2019). To the best of our knowledge, the relationship between 

the LMD, gut microbiota, and mental health, particularly depression and anxiety, 

remains to be examined among Lebanese adults.  
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Chapter 2 

Aims and Hypothesis 
 

Several studies have observed the beneficial effect of adherence to MeDi on 

depression and anxiety (Shafiei et al,2019, Fraga et al., 2021, Ventriglio et al, 2020). 

Adherence to MeDi also appeared to have significant beneficial effects on the gut 

microbiome composition and function (Merra et al, 2020). Furthermore, recent 

studies have shown that gut health also plays a protective role against anxiety and 

depression (Lach et al,2018). This role of gut health on anxiety and depression might 

be attributed to the effect of the Mediterranean Diet (MeDi) on gut health (Ravinder 

et al.,2019).  

In Lebanon, it has been indicated that more than half of the Lebanese 

population had depressive symptoms (59.7%) and anxiety (β = .457) (Obeid et 

al,2020). Additionally, Nasreddine et al. (2019) reported that there is a shift towards 

a Westernized diet. Moreover, Lebanese adults are adopting a Westernized dietary 

pattern (Jomaa et al. (2016). Therefore, the effect of this shift on mental health is still 

missing among Lebanese adults.  

Furthermore, MeDi is culturally sensitive, and its results cannot be translated 

to all countries since its characteristics are quite variable due to several factors 

(traditions, religion, etc.…) (Lăcătușu et al ,2019, Naja et al.,2015). Thus, 

researchers have created different scoring methods to assess the adherence of a 

population to the MeDi (Lăcătușu et al,2019). As for Lebanon, an index for assessing 

adherence to the MeDi was developed from the Traditional Lebanese dietary pattern 

by Naja et al (Naja et al, 2015). This index is called the Lebanese Mediterranean 
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Diet index (LMD). Based on the above data, adherence to the LMD among Lebanese 

adults is questionable. 

To the best of our knowledge, the relationship between the LMD, gut 

microbiota, and mental health, particularly depression and anxiety, remains to be 

examined among Lebanese adults.  

Hence, our aim in this study is to: 

• Explore the potential associations of adherence to the LMD with gut 

microbiota characteristics and gastrointestinal symptomatology in an adult 

population.  

• Explore the potential associations of adherence to the LMD with depression 

and anxiety among the adult population.  

• Determine the association between gastrointestinal health, depression, and 

anxiety among Lebanese adults.  

Thus, we hypothesize that: 

Higher adherence to the LMD decreases the overall gastrointestinal disturbances and 

is associated with a lower prevalence of depression and anxiety through the 

beneficial effects of MeDi on gut health. 
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Chapter 3 

Methodology 
 

3.1: Study Design 
 

This is a pilot cross-sectional study that was conducted among Lebanese men 

and women living in different Lebanese governorates, including Beirut, South 

Lebanon, and Mount Lebanon. Participants received an online invite to our study 

that was sent on social media platforms (WhatsApp and Instagram). The recruitment 

happened as well by word of mouth. We aimed to collect data through a survey that 

we put together aiming to evaluate its feasibility for future bigger studies of that 

kind. The study was approved by the Institutional Review Board at the Lebanese 

American University (IRB #: LAU.SAS.BR1.12/Sep/2021). 

3.2: Study Participants 
 

We initially anticipated a sample size of 196 participants. This number was 

calculated using the “A- priori Sample Size Calculator for Multiple regression” with 

a medium level anticipated effect size (f2) of 0.15, a statistical power level of 0.8, 13 

predictors and a probability level of 0.05. This specification resulted in a total 

sample size of 131. The missing data is accounted for by inflating the sample size by 

1.2 and the non-response is accounted for by inflating the sample size by 1.25, 

leaving a final sample size of 196 participants.  

An invitation to participate in our study was shared on social media platforms 

allowing adults all over Lebanon to participate. Participants that were eligible to 

participate in this study were 45-65 years old, English or Arabic literate, residing in 

Lebanon, and digital Literate (to be able to fill the survey online). Participants were 
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excluded from the study if they had previous bariatric surgeries, chronic kidney 

disease (CKD), or were currently diagnosed cancer patients undergoing 

chemotherapy. 

Participants who were sent an online invite to our study through different social 

media platforms (WhatsApp and Instagram), in which information on dietary intake, 

depression, anxiety, and gut health was collected.  Initially, participants were 

provided with an informed consent that included the purpose and benefits of the 

study and ensures anonymity. Participants were asked to read the informed consent 

carefully and had access to the online survey after their agreement. 

The sample reached was 75 Lebanese adults noting that due to the covid 19 

pandemic we were hindered from having direct contact with our participants. The 

survey was challenging if filled online and might have been much more efficient if 

done during live interviews.  

 

3.3: Dietary Assessment 
 

Dietary intake was assessed by a 61-item semi-quantitative FFQ derived 

from previous studies conducted among the Lebanese population. The validity and 

clarity of this FFQ have been previously tested (Naja et al., 2015). The FFQ consists 

of 61 items for the commonly consumed foods in Lebanese households. The food 

items are divided into groups of breads and cereals, dairy products, fruits and juices, 

vegetables, meat and alternates, fats and oil, sweets and desserts, beverages and 

miscellaneous (such as manaeesh, falafel etc…). Subjects were asked to indicate the 

frequency of consumption (per day, per week, per month, per year, or never) with the 

standard portion size (1cup, 1 piece, 1 teaspoon…) over the past year. The subjects 
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were asked to report the portion size in terms of common household measurements 

(teaspoons, tablespoons, and cups), with the help of a validated two-dimensional 

(2D) food portion visual chart. This visual aid was validated on adults aged 20 to 

70+years which suits our population (Posner et al., 1992). Participants were provided 

pictures of common kitchenware found in every Lebanese household to determine 

the exact portion size consumed.  The FFQ was self-administered in an online 

format.  

 

3.4: Lebanese Mediterranean Diet Score 
 

To calculate the Lebanese MeDi score, nine characteristic foods of the 

Lebanese traditional pattern, constituted the index: “fruits, vegetables, legumes, olive 

oil, burghol (crushed whole wheat), milk and dairy products, starchy vegetables, 

dried fruits and eggs (Naja et al., 2014). Fruits group included citrus 

oranges/grapefruit, deep yellow or orange fruits, strawberry, grapes, banana, apple, 

and fresh fruit juice. Vegetables group included salads/greens (lettuce, celery, green 

pepper, cucumbers), dark green or deep yellow vegetables (spinach, hindbeh, 

carrots…), tomatoes, squash/ eggplant, and cauliflower/ cabbage/ broccoli. Starchy 

vegetables included corn/ green peas, and potato (baked, boiled, and mashed). Milk 

and dairy products group included low-fat milk, whole-fat milk, fat-free/ low-fat 

yogurt, whole-fat yogurt, cheese regular, cheese low-fat, labneh. All other food 

components of the LMD index were entered as individual food items. The 

calculation of the LMD score was based on the number of portions of these nine 

foods/food groups consumed weekly Specifically, consumption data of each of those 

food groups was divided into tertiles and a value of 1, 2, and 3 was assigned to the 

first, second and third tertiles of consumption, respectively. The Lebanese pattern 



17 
 

score was then calculated, for each subject, as the sum of points received on the 

consumption of the nine foods/food groups. The LMD score was categorized into 

two categories: low adherence if scoring less than 18 and high adherence if scoring 

above 18 based on the literature (Naja et al,2014).  

3.5: Depression 

 

Depression was assessed using the PHQ-9 that is a self-administered 9-item 

questionnaire developed by Kroenke et al. in 2001. It is a reliable and valid tool to 

measure depression severity and is part of the full Patient Health Questionnaire 

(PHQ) (McEwen et al., 2018). This diagnostic instrument also has a high sensitivity 

and specificity (Kroenke et al., 2001) and is validated in Arabic (Sawaya et al, 2016). 

It is composed of 9 items each presenting one possible disturbance or problem that a 

person might have faced over the last 2 weeks. The participants are asked on a scale 

from “not at all” to “nearly every day”, respectively scored as 0 and 3, how often 

they have been bothered by the 9 suggested problems.  One of the items for example 

is “Little interest or pleasure in doing things”. The total scores range from 0 to 27, 

with scores less than 5 indicating the absence of a depressive disorder; scores of 5 

through 9  a mild depression; scores of 10 through 14  a moderate depression; and 

scores of 15 or more reflect major depression (Kroenke et al, 2001). We regrouped 

our sample in two categories for the analysis, those scoring <5 have no or minimal 

depression and those scoring >5 have a mild to severe depression in order to 

differentiate between those with and those without depression.  
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3.6: Anxiety 
 

Anxiety was assessed using the GAD-7, which is a 7 items tools with a 

strong criterion validity and reliability used to screen for Generalized Anxiety 

Disorder (GAD), and assess its severity (Spitzer et al., 2006). In this study, the 

validated Arabic version was used (Sawaya et al, 2016). The questionnaire, like the 

PHQ-9, asks the participants to report how frequently in the past 2 weeks they were 

bothered by the 7 anxiety symptoms suggested. The symptoms are chosen in 

accordance with the criteria mentioned in the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-IV). The participants are asked to answer either “not at all,” 

“several days,” “more than half the days,” or “nearly every day,” scored respectively 

as 0, 1, 2, and 3. The total score ranges between 0 and 21, and a score of 5 or higher 

would indicate a mild to severe GAD. Therefore, we classified our sample into two 

categories: minimal GAD if they scored lower than 5, and mild to severe GAD if 

they scored 5 or higher.  

3.7 Assessment of Gut Health: 
 

Gastrointestinal health of the Lebanese adults was evaluated using 9 

questions from the validated Structured Assessment of Gastrointestinal Symptom 

(SAGIS) by Koloski. NA, et al. (2017). This questionnaire was used as a proxy for 

gut health since fecal testing was not available. A previous study had used this 

questionnaire as a proxy for gut dysbiosis (Sundaram et al,2022). 

The SAGIS questionnaire supports the clinical assessment and symptom-based 

categorization of patients with different gastrointestinal symptoms. It includes 22 

gastrointestinal symptoms scored on a five-point Likert scale from no problem, mild 

(can be ignored when you do not think about it), moderate (cannot be ignored but 
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does not influence daily activities), severe (influencing your concentration on daily 

activities), and very severe (markedly influences your daily activities &/or requires 

rest) problem. In addition, the SAGIS asks about the presence of selected non-

gastrointestinal symptoms including depression and anxiety.   

After that symptom domain score was calculated as the following (Koloski. et al, 

2017):  

Diarrhea and Discomfort scores: Q8 (pain defecation), Q11 (loose stool), Q12 

(incontinence), Q13 (urgency), Q14 (diarrhea), and Q21 (gas) were summed 

together. The diarrhea score can range from 0 to 20. Higher scores will indicate 

higher severity of the disease.  

Constipation score: Q9 (difficult defecation) and Q10 (constipation) are summed 

together. The constipation score can range from 0 to 8. Higher scores will indicate 

higher severity of the disease.  

We added the bloating score where we extracted it using Q20 (feeling of swelling of 

the abdomen and excessive gas in the abdomen). The bloating score can range from 

0 to 4. Higher scores will indicate higher severity of the disease.  

Finally, we added the scores of the above domains and after that calculated the mean 

based on previous studies (Sameul et al, 2021, Koloski et al, 2017). Lastly, gut 

health was categorized into two domains: below mean ≤4, above mean >4. Scores 

above the mean indicated greater severity of symptoms.   

3.8: Confounding Variables 
  

Moreover, general questions were asked to collect additional needed 

information and due to the small sample size we regrouped the answers as follows: 
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gender (female/male), age (in years), marital status (single and windowed; married), 

level of education (intermediate school or below or 9th grade or high school graduate 

or with a diploma or the equivalent; trade/technical/vocational training, and 

bachelor’s degree or a higher university degree), and average monthly income 

(Answered with a specific number; I don’t have an income; I prefer not to say). The 

participants were also asked to report their weight and height; accordingly, we 

calculated the Body Mass Index (BMI) and used the recognized cut-off values to 

categorize the participants as underweight, normal weight, overweight or obese 

(WHO, 2010). Participants were also asked to report the presence of chronic diseases 

(Yes/No). We also asked for the intake of medications and or antibiotics (Yes/No), 

supplements (Never/Daily/Weekly/Monthly), and probiotics (Never, Yes, Yes after 

taking antibiotics). Physical activity was assessed using the validated International 

Physical Activity Questionnaire (IPAQ) (Lee et al., 2011). 
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Chapter 4 

Statistical Analysis 
 

Descriptive statistics were assigned by mean and standard deviations for 

continuous variables and percentage frequencies for categorical variables. The 

independent variable is the adherence to LMD, and the dependent variables are gut 

health, anxiety, and depression. Independent student t-test and Chi-square test were 

used to compare continuous and categorical variables respectively. Moreover, logistic 

regressions were performed to assess the relationship between adherence to LMD and 

gut health, depression, and anxiety while adjusting for the confounding variables. The 

level of significance was set as p<0.05. Model 1 was adjusted for gender, age, gender, 

and education, and model 2 for age, gender, education, BMI, medication, and physical 

activity. These variables were chosen based on clinical significance. Statistical 

analysis was carried out using STATA version 13. 
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Chapter 5 

Results 
 

5.1: Final Sample 
 

Initially, we approached 75 participate in our study. 6 participants were 

excluded from the analyses since they had missing data. An additional participant was 

excluded because they did not fit the eligibility criteria as their age (25) was outside 

of our specified range. Therefore, the final sample included 68 participants.  

Among the 68 participants, 48 (70.59%) were females and the mean age of the whole 

sample of 55.15 ± 5.5 years. Almost all participants were married (n= 56, 82.35%) and 

had reached a trade/ technical/ vocational training/ Bachelor's degree or a higher 

university degree (n=40, 60.29%). Half of the participants had mild to severe 

depression and mild to severe anxiety (n= 31, 50.82%; (n=39, 60.94%, respectively). 

Lastly, most of the participants had had low LMD adherence (n= 41, 75.93%) while 

one third only (n=21, 33.87%) scored above the mean of gut health. 

5.2 Socio Demographic Characteristics stratified by gut health, 

depression, and anxiety 
 

Table 1 shows the socio-demographic characteristics of the participants 

stratified by gut health status, depression, and anxiety. Although not significant, but 

in comparison to those scoring above the mean of gut health, those scoring below the 

mean were more likely to be females (63.41%), had reached a trade/ technical/ 

vocational training/ Bachelor's degree or a higher university degree (60.98%) and were 

married (80.49%). Additionally, most of the participants who had mild to severe 

depression and anxiety were also females (64.52% and 64.10% respectively) and 
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married (80.65% and 79.49% respectively). However, this difference was not 

significant between the groups. It has been also observed that almost half of depressed 

participants had reached intermediate school or below/9th grade/High school graduate, 

diploma or the equivalent (51.61%) but more than half of the participants with mild to 

severe anxiety had reached a trade/ technical/ vocational training/ Bachelor's degree 

or a higher university degree (58.97%). Still, this difference was also not significant 

between the groups. 

5.3: Clinical and Dietary Characteristics 
 

Table 2 shows the clinical and dietary characteristics of the participants 

stratified by gut health status, depression, and anxiety. The mean BMI of the 

participants is 25.72±4.38.  Almost half of the participants (46.27%) have a normal 

BMI (18.5-24.9 kg/m2) followed by those who are overweight (34.33%). 

Approximately half of the participants (57.89%) reported having chronic diseases 

while more than half (65.67%)  took medications and/or antibiotics in the last 6 

months and almost all participants did not take probiotics (92.54%)On the contrary, 

35.29% reported never taking supplements When it comes to smoking status and 

physical activity, more than half of the participants (64.18%) were nonsmokers ,and 

a little bit more than half reported moderate physical activity (51.47%). It has been 

shown that 80.65% of depressed participants were taking medications and/or 

antibiotics in the last 6 months (p<0.01). The results have also shown that 75.93 % 

of the participants in this sample had low adherence to the LMD. 91.67% of 

participants with low to minimal depression had lower adherence to LMD (p<0.02). 

Moreover, 73.68% of those scoring above the mean of gut health had mild-severe 

depression (p=0.02). 
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Table 1 Socio-Demographic characteristics of the study participants stratified by gut health, depression, and anxiety status. 

Covariates 

Whole 

Sample 

N=68 

 

Males Females P-

value 

c 

Below 

mean of 

gut 

health 

N=41 

Above 

mean of 

gut 

health 

N=21 

p-

value 
c 

No- 

Minimal 

Depression 

N=31 

Mild-

Severe 

Depression 

N=30 

p 

value 

c 

Minimal 

Anxiety 

N=25 

Mild-

Severe 

Anxiety 

N=39 

p 

value 

c 

Gender N (%) b  

   

  0.16   0.46   0.32 

Male 20 (29.41) 

   
15 

(36.59) 
4 (19.05)  8 (26.67) 11 (35.48)  6 (24) 

14 

(35.90) 
 

Female 48 (70.59) 

   
26 

(63.41) 

17 

(80.95) 
 22 (73.33) 20 (64.52)  19 (76) 

25 

(64.10) 
 

Age (mean ±SD) a 
55.15 ± 

5.5 

56.94 ± 

6.02 

54.43 ± 

5.16 
0.09 

55.25 ± 

5.57 

54.53 ± 

5.41 
0.63 

55.16 ± 

5.31 

55.16 ± 

6.00 
0.83 

55.68 ± 

6.14 

54.63 ± 

5.30 
0.47 

What is your highest 

achieved education? 

N (%) b 

   0.97   0.77   0.09   0.94 

Intermediate school or 

below/9th grade/High 

school graduate, 

diploma or the 

equivalent 

27 (39.71) 8(40) 19(39.58)  
16 

(39.02) 
9 (42.86)  9 (30) 16 (51.61)  10 (40) 

16 

(41.03) 
 

Trade/ technical/ 

vocational training/ 

Bachelor's degree or a 

higher university 

degree 

40 (60.29) 12(60.00) 29(60.42)  
25 

(60.98) 

12 

(57.14) 
 21 (70) 15 (48.39)  15 (60) 

23 

(58.97) 
 

What is your marital 

status? 

N (%) b 

   0.74   0.97   0.79   0.65 
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* All data are presented as n (%) except for BMI where mean (±SD) was presented. Differences between the groups were tested by:  a independent t 

test; b Chi-square, and c significance level at <0.05.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Single /Widowed 12 (17.65) 4(20.00) 8(16.67)  8 (19.51) 4 (19.05)  5 (16.67) 6 (19.35)  4 (16) 
8 

(20.51) 
 

Married 56 (82.35) 16(80.00) 40(83.33)  
33 

(80.49) 

17 

(80.95) 
 25 (83.33) 25 (80.65)  21 (84) 

31 

(79.49) 
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Table 2 Clinical and Dietary Characteristics of the study participants stratified by gut health, depression, and anxiety status. 

Covariates 

Whol

e 

Sampl

e 

N=68 

 

Males Females 

P 

valu

e c 

Below 

mean of 

gut 

health 

N=41 

Above 

mean of 

gut 

health 

N=21 

p-

valu

e c 

No- 

Minimal 

Depressi

on 

N=31 

Mild- 

Severe 

Depressi

on 

N=30 

p 

value 

c 

Minimal 

Anxiety 

N=25 

Mild-

Severe 

Anxiety 

N=39 

p 

valu

e c 

Do you have any 

chronic diseases? 

N (%) b 

   0.45   0.1   0.73   0.75 

No 

24 

(42.11

) 

8(50.00) 16(39.02)  
15 

(48.39) 
5 (25)  9 (36) 

11 

(40.74) 
 7 (35) 

13 

(39.39) 
 

Yes 

33 

(57.89

) 

8(50.00) 25(60.98)  
16 

(51.61) 
15 (75)  16 (64) 

16 

(59.26) 
 13 (65) 

20 

(60.61) 
 

BMI (mean ±SD) a 
25.72

± 4.38 

26.35 

±3.5 

25.45 

±4.71 
0.44 

25.33 ± 

3.86 

26.49 ± 

4.88 
0.31 

24.75 ± 

4.18 

26.75 ± 

4.34 
0.07 

25.06 ± 

4.38 

26.18 ± 

4.32 
0.32 

BMI  N (%) b    0.68   0.71   0.44   0.61 

Normal 
31 

(46.27) 
8 (40) 23(48.94)  20(48.78) 8(38.10)  16(53.33) 12(38.71)  12(48) 17(43.59)  

Underweight 
1 

(1.49) 
0 (0) 1(2.13)  1(2.44) 0(0)  1(3.33) 0(0)  1(4) 0(0)  

Overweight 
23 

(34.33) 
7(35) 16(34.04)  13(31.71) 9(42.86)  9(30) 13(41.94)  8(32) 15(38.46)  
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Obese 
12 

(17.91) 
5(25) 7(14.89)  7(17.07) 4(19.05)  4(13.33) 6(19.35)  4(16) 7(17.95)  

Do you take any 

medication(s)?/ 

Have you taken 

antibiotics, in the 

last 6 months? 

N (%) b 

   0.94   0.75   0.01   0.13 

No 

23 

(34.33

) 

7(35.00) 16(34.04)  
15 

(37.50) 
7 (33.33)  15 (50) 6 (19.35)  11 (44) 

10 

(25.64) 
 

 

 

Yes 

44 

(65.67

) 

13(65.00) 31(65.96)  
25 

(62.50) 

14 

(66.67) 
 15 (50) 

25 

(80.65) 
 14 (56) 

29 

(74.36) 
 

How often do you 

take supplements 

(Fish oil, Iron, 

Vitamin D, 

Vitamin C…)? 

N (%) b 

   0.37   0.49   0.69   0.99 

Never 

24 

(35.29

) 

10(50.00) 14(29.17)  
14 

(34.15) 

10 

(47.62) 
 

10 

(33.33) 

14 

(45.16) 
 10 (40) 

14 

(35.90) 
 

Daily 

23 

(33.82

) 

6(30.00) 17(35.42)  
12 

(29.27) 
7 (33.33)  

10 

(33.33) 

10 

(32.26) 
 8 (32) 

13 

(33.33) 
 

Weekly 

13 

(19.12

) 

210.00) 11(22.92)  
10 

(24.39) 
2 (9.52)  7 (23.22) 4 (12.9)  4 (16) 7 (17.95)  
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Monthly 

8 

(11.76

) 

2(10.00) 6(12.50)  5 (12.20) 2 (9.52)  3 (10) 3 (9.68)  3 (12) 5 (12.82)  

How often do you 

take probiotics 

(ProbioLife...)? N 

(%) b 

   0.65   0.58   0.51   0.69 

Never 

62 

(92.54

) 

18(94.74) 44(91.67)  36 (90) 
20 

(95.24) 
 

27 

(93.10) 

29 

(93.55) 
 24 (96) 

35 

(92.11) 
 

Yes 
3 

(4.48) 
1(5.26) 2(4.17)  2(5) 1 (4.76)  1 (3.45) 2 (6.45)  1 (4) 2 (5.26)  

Yes, after taking 

antibiotics 

2 

(2.99) 
0(0) 2(4.17)  2(5) 0 (0)  1 (3.45) 0 (0)  0 (0) 1 (2.63)  

Do you smoke 

cigarettes/Narghil

eh? N (%) b 

   0.31   0.9   0.53   0.34 

Never Smoked 

43 

(64.18

) 

11(55.00) 32(68.09)  26 (65) 
14 

(66.67) 
 

20 

(68.97) 

19 

(61.29) 
 

17 

(70.83) 

23 

(58.97) 
 

Smoked either one 

or both 

24 

(35.82

) 

9(45.00) 15(31.91)  14 (35) 7 (33.33)  9 (31.03) 
12 

(38.71) 
 7 (29.17) 

16 

(41.03) 
 

Physical Activity  

N (%) b 
   0.91   0.59   0.35   0.95 

Low 

30 

(44.12

) 

8(40.00) 22(45.83)  
16 

(39.02) 

11 

(52.38) 
 

11 

(36.67) 

17 

(54.84) 
 11 (44) 

17 

(43.59) 
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Moderate 

35 

(51.47

) 

11(55.00) 24(50.00)  
23 

(56.10) 
9 (42.86)  18 (60) 

13 

(41.94) 
 13 (52) 

21 

(53.85) 
 

High 
3 

(4.41) 
1(5.00) 2(4.17)  2 (4.88) 1 (4.76)  1 (3.33) 1 (3.23)  1 (4) 1 (2.56)  

LMD Adherence 

(mean ±SD) a 

16.19 

± 3.70 

14.82±3.

67 

16.81±3.

55 
0.07 

15.85±3.

92 

16.93±3.

64 
0.35 

15.16±3.

47 

16.92±3.

49 
0.08 

16.90±4.

01 

15.71±3.

57 
0.36 

LMD Adherence 

N (%) b 
   

0.15

2 
  0.05   0.02   0.62 

Low Adherence 
41 

(75.93) 
15(88.24) 26(70.27)  28 (82.35) 9 (56.25)  22 (91.67) 16 (64)  15 (71.43) 24 (77.42)  

High Adherence 
13 

(24.07) 
2(11.76) 11(29.73)  6 (17.65) 7 (43.75)  2 (8.33) 9 (36)  6 (28.57) 7 (22.58)  

Depression N (%) 

b 
   0.46   0.02      0.05 

No-Minimal 

Depression 

30 

(49.18) 
8(26.67) 22(73.33)  23 (60.53) 5 (26.32)     17 (73.91) 12 (32.43)  

Mild-Severe 

Depression 

31 

(50.82) 
11(35.48) 20(64.52)  15 (39.47) 14 (73.68)     6 (29.09) 25 (67.57)  

Anxiety N (%) b    0.32   0.11   
0.000

1 
   

Minimal Anxiety 
25 

(39.06) 
6(24.00) 19(76)  18 (46.15) 6 (28.57)  17 (58.62) 6 (19.35)     

Mild-Severe 

Anxiety 

39 

(60.94) 
14(35.90) 25(64.10)  21 (53.85) 15 (71.43)  12 (41.38) 25 (80.65)     

Gut Health N (%) 

b 
   0.15      0.02   0.19 
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Below Mean 
41 

(66.13) 
15(78.95) 26(60.47)     23 (82.14) 15 (51.72)  18 (75) 21 (58.33)  

Above Mean 
21 

(33.87) 
4(21.05) 17(39.53)     5 (17.86) 14 (48.28)  6 (25) 15 (41.67)  

* All data are presented as n (%) except for BMI where mean (±SD) was presented. Differences between the groups were tested by:  a independent t 

test; b Chi-square, and c significance level at <0.05.  
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5.4: Intake for each LMD component 
 

Intake for each LMD component is presented in Table 3. To start with, the 

intake of bulgur in our sample is very low (0.5 servings per week) compared to the 

proposed recommendations of the Lebanese Cedar Food Guide (½ cup cooked 

burghul). Our participants had also low intake of fruits (1 serving per day) but good 

intake of vegetables (2.5 servings per day) where recommendations for fruits and 

vegetables are 2 and 2-3 servings per day respectively. As for the dairy group it is 

recommend having 3 servings per day and our participants were taking almost 2 

servings per day. Additionally, for olive it is recommended by Food and Drug 

Administration (FDA) to have 1½ - 2 tablespoons per day and our participants were 

having lower than this (< 1 serving per day). 

Table 3 Intake for each component of LMD of our study participants 

Food group Median  Mean ±SD Minimum-

Maximum 

Fruits 9.37 15.54±14.45 1.625 – 73.5 

Vegetables 18.3 22.69±19.02 2.5-74 

Starchy Vegetables 3.5 4.7±6.36 0.25-49 

Dried Fruits 0.5 2.45±3.68 0.125-17.5 

Legumes 1 1.98±1.69 0.125-7 

Milk and Dairy 14.125 19.01±18.50 0.875-54.75 

Eggs 1 2.49±3.25 0.125-17.5 

Bulgur 0.5 1.49±2.59 0.125-17.5 

Olive Oil 5.5 8.21±8.28 0.125-31.5 

All intakes are represented as number of servings/weeks 
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5.5: Correlation between LMD gut health, depression, and anxiety 
 

 The association between adherence to the LMD and the prevalence of 

depression, anxiety and gut health problems was assessed using logistic regressions, 

The results are presented in Table 4. Compared to those with the lowest adherence, 

participants with high adherence to LMD were shown to have a higher prevalence of 

depression when adjusted for age, gender, and education (OR=8.67, 95% CI: 1.44-

53.21, P=0.018). When additionally adjusted for BMI, medications, and physical 

activity in model 2, the association between LMD adherence and depression 

remained significant with those in the high adherence having 8 times more prevalent 

depression (OR=8.16, 95%CI:1.16-57.28, P=0.035). Furthermore, adherence to 

LMD was not associated with prevalence of anxiety and gut health problems after 

adjustment for age, gender and education (model 1: OR=0.89, 95%CI:0.23-3.4, 

p=0.86 and OR=3.84, 95 CI%: 0.89-16.68, p= 0.072 respectively) and further 

adjustment for BMI, number of medication and physical activity level (model 2: 

OR=0.79, 95%CI:0.19-3.40, p=0.757 and OR=3.86, 96CI% 0.78-18.96, p=0.097 

respectively).  

 

 



33 
 

Table 4 - Correlation between LMD adherence and depression, anxiety and gut health among Lebanese Adults. 

 

OR: odds ratio, CI confidence intervals; Ref: Reference; n depression: number of participants with mild-severe depression; n anxiety: number of participants with 

mild-severe anxiety; n above mean of gut health: number of participants with gut health problems Model 1: Adjusted for age, gender, and education Model 2: 

Adjusted for Model 1+ further adjustments for BMI, medication, and physical activity

Depression 

LMD adherence  
Crude Model 
OR (95%CI) 

P 
MODEL 1 

OR (95% CI) 
p 

MODEL 2 
OR (95% CI) 

p 

 n depressed/ Total       

LOW ADHERENCE 16/38 ref  ref  ref  

HIGH ADHERANCE 9/11 6.19(1.17-32.61) 0.032 8.67(1.44-53.21) 0.018 8.16(1.16-57.28) 0.035 

Anxiety 

 n anxiety /Total 
Crude Model 
OR (95%CI) 

P 
MODEL 1 

OR (95% CI) 
p 

MODEL 2 
OR (95% CI) 

p 

LOW ADHERENCE 24/39 ref  ref  ref  

HIGH ADHERENCE 7/13 0.73(0.21-2.59) 0.625 0.89(0.23-3.4) 0.866 0.79(0.19-3.40) 0.757 

Gut health 

 n above mean of gut health/Total 
Crude Model 
OR (95%CI) 

P 
MODEL 1 

OR (95% CI) 
p 

MODEL 2 
OR (95% CI) 

p 

LOW ADHERENCE 9/37 ref  ref  ref  

HIGH ADHERENCE 7/13 3.63(0.96-13.64) 0.06 3.84(0.89-16.68) 0.072 3.86(0.78-18.96) 0.097 
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5.6: Correlation between gut health depression and anxiety 
 

 Table 5 shows the results of the logistic regressions evaluating the 

association between gut health and depression. When adjusted for age, gender, and 

education (model 1), scoring more than the mean (>4) was positively associated with 

depression. These results indicate that those having a higher probability of gut health 

problems were 4 more times likely to be depressed (OR=4.58, 95%CI: 1.29-16.28, 

p= 0.018). After further adjusting for BMI, medication, and physical activity in 

model 2, such as the association between scoring more than the mean (>4) for gut 

health and prevalence of depression remained significant, with those scoring more 

than the mean of gut health have 5.64 times more prevalent depression (OR= 

5.64,95%CI: 1.23-25.7, p=0.025). However, scoring higher than the mean (>4) of 

gut health was not associated with anxiety in model 1 (model 1: OR=2.54, 95%CI: 

0.78-8.27, p= 0.121) and model 2 (OR= 2.29,95%CI: 0.66-7.93, P=0.188).  

 

 

 

 

 

 

 

  

 



35 
 

 

Table 5 - Correlation between gut health status with depression and anxiety. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OR: odds ratio, CI confidence intervals; Ref: Reference; n depression: number of participants with mild-severe depression; n anxiety: number of 

participants with mild-severe anxiety 

Model 1: Adjusted for age, gender, and education 

Model 2: Adjusted for Model 1+ further adjustments for BMI, medication, and physical activity 

 

 Depression 

Gut Health  
Crude Model 

OR(95%CI) 
P 

MODEL 1 
OR (95% CI) 

P 
MODEL 2 

OR (95% CI) 
p 

 
n depression 

/Total 
Crude Model 

OR(95%CI) 
P 

MODEL 1 
OR (95% CI) 

P 
MODEL 2 

OR (95% CI) 
p 

Less than mean ≤4 15/38 
ref 

 
 ref  ref  

Higher than mean>4 14/19 4.29(1.28-14.4) 0.018 4.58 (1.29-16.28) 0.018 5.64(1.23-25.7) 0.025 

Anxiety 

 
n anxiety 

/Total 
Crude Model 

OR(95%CI) 
P 

MODEL 1 
OR (95% CI) 

P 
MODEL 2 

OR (95% CI) 
p 

Less than mean ≤4 21/39 
ref 

 
 

ref 
 

 
ref 

 
 

Higher than mean>4 15/21 2.14(0.68-6.68) 0.189 2.54(0.78-8.27) 0.121 2.29 (0.66-7.93) 0.188 
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Chapter 6 

Discussion 

In this pilot cross-sectional study, we evaluated the correlation between 

adherence to LMD, gut health, anxiety, and depression among 68 community 

dwelling Lebanese participants aged between 45-65 years old. The current study 

showed that there is a high prevalence of depression and anxiety in our sample. Our 

results have shown that LMD is positively associated with depression which is 

against our hypothesis. Furthermore, no significant associations were observed 

between LMD with anxiety nor gut health. On the other hand, we observed a 

significant association between gut health and depression indicating that those with 

higher probability of having gut health problems had a higher prevalence of 

depression, while no significant association was observed between gut health and 

anxiety. 

The observed high prevalence of depression and anxiety is in line with a 

previous study that was done among the Lebanese population and has indicated that 

more than half of the Lebanese population had depressive symptoms (59.7%) and 

anxiety (β = .457) (Obeid et al,2020). This high prevalence of depression could be 

explained with the several tragedies that has been ongoing from the Lebanese civil 

war that had many negative consequences on mental health, to the constant political 

and socioeconomical issues (Obeid et al,2020). 

Surprisingly, our study observed a result opposing our hypothesis regarding 

LMD adherence and depression prevalence. We initially hypothesized that higher 

adherence to LMD will be associated with a lower prevalence of depression. 

Nevertheless, our results showed that high adherence to LMD was associated with a 
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higher depression prevalence.  Contrary to our results, almost all studies in the 

literature show that MeDi plays a protective role against depression. A systematic 

review of a total of 20 longitudinal and 21 cross-sectional studies showed that MeDi 

confers protection against depression (Lassale et al,2018). These results can be 

explained by the several tragedies Lebanon has been going through including the 

economic crisis, the currency devaluation and people losing their life savings, 

COVID-19 pandemic, and the explosion of the fourth of August in Beirut port. 

Given the current difficulties in Lebanon, recent data in the country, and the 

literature on adversity and mental health outcomes of man-made disasters, we 

speculate the Lebanese population is most likely facing an epidemic of poor mental 

health regardless of their intake. Diet at this stage might not be protective anymore 

especially that we have seen that there is a low adherence to MeDi according to 

Cordahi et al. 2015 and that there is a shift to a western diet according to Nasreddine 

et al, 2019. This shift also increases the prevalence of depression (Shafiei et al,2019). 

Moreover, in the present study, we did not observe a significant association between 

LMD and anxiety prevalence, contrary to what is shown in other studies.  In fact, a 

recent cross-sectional study aimed to examine the association between adherence to 

MeDi patterns and the prevalence of psychological disorders among a large 

population of 3172 Iranian adults aged with a mean age of 36.54 ± 4.97 years. It 

showed that adherence to the MeDi had lower odds of anxiety (OR: 0.61, 95% CI: 

0.42-0.86) compared with those with the lowest adherence (Sadeghi et al, 2021). 

Another significant relationship was shown in a cross-sectional study that aimed to 

examine the effects of the adherence levels of adults to MeDi on depression, anxiety, 

and sleep quality in 1053 Turkish participants. It was found that a 1-point increase in 

MeDi adherence decreased anxiety scores 3.4 units (p<0.001) (Burcu et al, 2021). 



36 
 

Several reasons can explain this absence of significant association in our study. It is 

possible that no association was found since we had a small sample size, and we 

were not able to reach the sample size that allows detecting significance. In the 

literature, the sample size of studies assessing the relationship between anxiety and 

MeDi had around 1000 - 3000 participants, which is a sample size larger than ours 

(Burcu et al, 2021, Sadeghi et al,2021). In addition, similar to depression, we 

speculate that the Lebanese population has a high prevalence of anxiety because of 

all what is going in the country where they reached a point that diet might not be 

able to offset the consequences of stress leading to anxiety. 

Furthermore, our study has also shown no associations between LMD adherence and 

gut health. These results do not align with the current evidence. One main reason for 

the absence of association can be attributed to the small sample size we had 

compared to that of the studies that observed a relationship having a minimum of 

100-600 participants (Ghosh et al,2020, Mitsou et al,2017). This small sample size 

might not allow us to detect any significance.   

Other than the small sample size, several factors might explain the absence of 

association between LMD and gut health. First, we speculate that there is a low 

consumption of some food groups of the LMD which are known to be important in 

improving gut health, such fruits and bulgur. In our sample, it has been shown that 

there are low consumptions of fruits (9 servings per week) and bulgur (0.5 servings 

per week) compared to the recommendations proposed by the Lebanese Cedar Food 

guide of 2 and 0.5 servings per day, respectively. This low consumption might be 

due to the decreased purchasing power that is exacerbated by the current economic 

situation in Lebanon. Moreover, food insecurity has been associated with lower 

adherence to a MeDi among Lebanese population (Naja et al., 2020). Furthermore, 
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there is a shift towards a Westernized diet, especially among Lebanese older adults 

(Jomaa et al, 2016). Furthermore, our study has shown that gut health is associated 

with higher prevalence of depression which is in line with our hypothesis. A cross-

sectional study was done in Belgium on 1054 participants to examine the 

relationship between fecal microbiome via 16S rRNA and general practitioner-

reported depression (Valles-Colomer et al.,2019). It showed that Taxa Dialister and 

Coprococcus (beneficial bacteria) were reduced in subjects with depression (Valles-

Colomer et al.,2019). Physiologically, there are several plausible mechanisms on 

how gut microbiota affects depression (Nagpal et al, 2019). A good microbial 

diversity helps in the production of beneficial metabolites, neurometabolites, 

vitamins and SCFAs (Clara et al, 2016). SCFAs can also induce the secretion of γ-

aminobutyric acid (GABA), and serotonin (Silva et al, 2020). Many of these 

molecules have neuro-active functions due to their capacity to modulate neural 

signaling within the enteric nervous system and consequently influence brain 

function and host behavior (Appleton, 2018). Furthermore, a good bacterial diversity 

can reduce metabolic endotoxemia by suppressing the growth of gram-negative 

bacteria and improving the gut barrier integrity by modulating tight junctions and 

mucus secretion (Nagpal et al, 2019). These mechanisms can help in reducing 

systemic inflammation, which is the hallmark of many conditions including 

depression and anxiety in the human body (Clara et al, 2016).  

Additionally, no association was found between gut health and anxiety. This lack of 

association was also found in a cross-sectional study where no association was found 

between anxiety and microbiota diversity. However, they mentioned that the lack of 

association might be related to their small sample size (91 participants) where other 

studies have a minimum of 1000 participants (Kleiman et al,2017). Unfortunately, 
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due to this small sample size, we dichotomized our continuous data which reduces 

the statistical power to detect a relation between the variable and outcome. 

Additionally, our sample did not have a broader variability in gut health problems 

which might also affected those results. 

Since previous studies have shown that MeDi plays a role on gut health and  gut 

health impacts mental health independently, we speculated that LMD would 

influence mental health via its effect on gut health. Nevertheless, we were not able to 

prove this hypothesis since LMD was not associated with mental health nor 

associated with gut health. Therefore, the effects of gut health on depression might 

be independent of the effect of MeDi on depression. The discrepancy happening 

between LMD and depression and gut health and depression can be explained by the 

bidirectional relationship between the psychological stressors (depression) and gut 

(Carabotti et al.,2015). Not only the gut affects depression, as previously mentioned, 

but also being depressed can affect our gut health (Appleton et al.,2018). 

Psychological stressors can also modulate the gut microbiota (Appleton et al.,2018). 

These effects may be mediated by the central nervous system and in particular 

hypothalamic pituitary adrenal (HPA) axis that can be activated in response to 

stressors. HPA is finalized to cortisol release that is a major stress hormone that 

affects many human organs (Carabotti et al.,2015). Thus, cortisol targets the muscle 

layers and gut mucosa, modulating its motility, immunity, and secretion of mucus 

(Carabotti et al.,2015). This might also affect microbiota composition and function 

by alteration of intestinal permeability, allowing bacterial antigens to penetrate the 

epithelium and stimulate an immune response in the mucosa (Appleton et al.,2018). 
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Future studies with larger sample sizes and fecal genetic testing to assess microbiota 

are needed to confirm the association between gut health and depression and to 

evaluate if these effects are due to the role of MeDi on mental health.  

Despite our counterintuitive results, our study has several strengths worth 

mentioning. First, it is the first study done to examine the relationship between the 

MeDi with gut health, depression, and anxiety among the Lebanese population. 

Second, we used valid and reliable tools to assess adherence to LMD, depression, 

and anxiety. Third, the sample was recruited from different regions in Lebanon 

allowing to take into consideration the different dietary and lifestyle characteristics 

of each region, therefore making our sample representative of the Lebanese 

population.   

Nonetheless, several limitations of the study should be considered, especially its 

cross-sectional design, which limits any causal conclusions. Another limitation is 

due to the political instability and COVID-19 pandemic, we were not able to collect 

enough data in person, to reach a sample size that allows us to detect significance, 

thus our small sample size.  Additionally, this survey was collected online which has 

several limitations. People have low internet literacy and we only targeted people 

who had access to social media, a smart phone and access to internet on their phone. 

This might have led to reaching a specific population with a certain education level 

and from certain socioeconomic status, thus limiting the generalizability of our 

results. Several participants had missing data on the FFQ therefore we speculate that 

it was a bit long for them to fill online in its current format especially that it was 

filled on a smart phone on a small screen, without any explanations on how to fill it. 
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Moreover, we cannot eliminate the social desirability bias leading to a tendency to 

underreport unhealthy behaviors and dietary intake and the presence of depression or 

anxiety and over-report healthy dietary habits, thus influencing our findings. 

Nevertheless, if overreporting of healthy lifestyles was the case, we would have 

observed a much higher adherence to LMD and a better intake in general. Therefore, 

two scenarios are present here: either the diet quality of our participants is much 

worse than what was actually reported, or underreporting was minimal due to the 

fact that the questionnaire was anonymous therefore minimizing the social 

desirability bias. In both scenarios, the results indicate that the diet quality of our 

sample is not healthy and lots of work should be done at the national level in order to 

increase the awareness about how to eat healthy and its general beneficial effects on 

preventing chronic diseases.    Another limitation is that mental health is still a taboo 

in Lebanon and remains underreported because Lebanese do not often seek the help 

of a specialist to diagnose and treat mental symptoms due to religious and cultural 

norms (Karam et al,2008). This might not only have led to underestimating the 

depression and anxiety prevalence but also to being unable to reach out to a larger 

portion of people. People might have discarded our invitation to participate in the 

study when they knew that we are discussing mental health. Apart from this, we did 

not have access to fecal sampling and sequencing which is one of the most used tools 

to assess gut microbiota composition. Thus, we used SAGIS to measure gut health, 

which still is a good tool that reflects gastrointestinal symptoms but remains a proxy 

(Koloski et al.,2017). Thus, this might also have affected our results. Since we had a 

small sample size, we dichotomized our data which might affected the variability in 

our sample and therefore the significance of our results.  Finally, our study is not 

generalizable since we conducted our study through tough times, where stress levels 
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were high, lots of people lost their life savings, their jobs, their purchasing power, 

their children who are leaving the country, and much more. All these factors might 

have affected our results and skewed our observations. Therefore, our results should 

be interpreted with caution, and future studies should be designed in different 

countries with more stable situation to be able to mirror the participants lifestyles. 
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Chapter 7 

Conclusion 

To conclude, this pilot cross-sectional study was conducted on Lebanese 

adults aged between 45-65 years recruited from different regions in Lebanon 

allowing us to take into consideration the different dietary and lifestyle 

characteristics of each region and making our sample representative of the Lebanese 

population. Our results have shown that LMD is positively associated with 

depression which was counterintuitive while no significant associations were 

observed between LMD with anxiety nor gut health. These results are also not 

aligned with the established literature. On the other hand, we observed a significant 

association between gut health and depression but not with anxiety with poor gut 

health being associated with a higher prevalence of depression. Furthermore, we 

speculated that LMD would have an effect on depression and anxiety and this effect 

would be mediated via the effect of MeDi on gut health. Nevertheless, we were not 

able to prove this hypothesis since LMD was not associated with mental health nor 

associated with gut health. These results can be explained by the several tragedies 

Lebanon has been going through which has negative consequences on mental health. 

Not to also mention that the Lebanese diet is shifting toward the westernized diet that 

has several negative effects on health and mental health too.  

In fact, future studies should be designed in different countries with more stable 

situation to be able to mirror the participants lifestyles. Future longitudinal and 

randomized studies with larger sample sizes and fecal genetic testing are needed to 

assess microbiota and to confirm the association between gut health and mental 

health and to evaluate if these effects are due to the role of MeDi on mental health.  
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Potential preventative strategies and awareness are warranted to improve mental 

health and wellbeing and to reduce the taboo associated with mental illness. Despite 

everything, policies should also be targeted toward supporting healthy eating in 

general and the MeDi in particular, since it is essential to promote this lifestyle again 

among the Lebanese population. 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

References 
 

Adjibade M, Assmann KE, Andreeva VA, Lemogne C, Hercberg S, Galan P, Kesse-Guyot 

E. (2018). Prospective association between adherence to the Mediterranean diet and 

risk of depressive symptoms in the French SU.VI.MAX cohort. Eur J Nutr. 

Apr;57(3):1225-1235. doi: 10.1007/s00394-017-1405-3. Epub 2017 Mar 10. PMID: 

28283824. 

 

Appleton J. (2018). The Gut-Brain Axis: Influence of Microbiota on Mood and Mental 

Health. Integrative medicine (Encinitas, Calif.), 17(4), 28–32. 

 

Aridi YS, Walker JL, Roura E, Wright ORL. (2020). Adherence to the Mediterranean Diet 

and Chronic Disease in Australia: National Nutrition and Physical Activity Survey 

Analysis. Nutrients. Apr 28;12(5):1251. doi: 10.3390/nu12051251. PMID: 

32354060; PMCID: PMC7281974. 

 

Berendsen, A., Santoro, A., Pini, E., Cevenini, E., Ostan, R., Pietruszka, B., et al. (2014). 

Reprint of: a parallel randomized trial on the effect of a healthful diet on 

inflammation and its consequences in European elderly people: design of the NU-

AGE dietary intervention study. Mech. Ageing Dev. 136–137, 14–21. doi: 

10.1016/j.mad.2014.03.001 

 

Canudas S, Becerra-Tomás N, Hernández-Alonso P, Galié S, Leung C, Crous-Bou M, et al. 

(2020). Mediterranean diet and telomere length: a systematic review and meta-

analysis. Advan Nut.;11(6):1544–54. 

 

Carabotti M, Scirocco A, Maselli MA, Severi C. (2015). The gut-brain axis: interactions 

between enteric microbiota, central and enteric nervous systems. Ann Gastroenterol. 

Apr-Jun;28(2):203-209. PMID: 25830558; PMCID: PMC4367209. 

 

Caruso R, Lo BC, Núñez G. (2020). Host-microbiota interactions in inflammatory bowel 

disease. Nat Rev Immunol. Jul;20(7):411-426. doi: 10.1038/s41577-019-0268-7. 

Epub 2020 Jan 31. PMID: 32005980. 

 

Chen Z, Radjabzadeh D, Chen L, Kurilshikov A, Kavousi M, Ahmadizar F, Ikram MA, 

Uitterlinden AG, Zhernakova A, Fu J, Kraaij R, Voortman T. Association of Insulin 

Resistance and Type 2 Diabetes With Gut Microbial Diversity: A Microbiome-Wide 

Analysis From Population Studies. JAMA Netw Open. 2021 Jul 1;4(7):e2118811. 

doi: 10.1001/jamanetworkopen.2021.18811. Erratum in: JAMA Netw Open. 2021 

Sep 1;4(9):e2128944. PMID: 34323983; PMCID: PMC8322996. 



45 
 

Clara Seira Oriach, Ruairi C. Robertson, Catherine Stanton, John F. Cryan, Timothy G. 

Dinan. (2016). 

 

de Vos WM, Tilg H, Van Hul M, Cani PD. Gut microbiome and health: mechanistic 

insights. Gut. 2022 May;71(5):1020-1032. doi: 10.1136/gutjnl-2021-326789. Epub 

2022 Feb 1. PMID: 35105664; PMCID: PMC8995832. 

 

Del Chierico, F., Vernocchi, P., Dallapiccola, B., & Putignani, L. (2014). Mediterranean diet 

and health: food effects on gut microbiota and disease control. International journal 

of molecular sciences, 15(7), 11678–11699. https://doi.org/10.3390/ijms150711678 

 

Dinu M, Pagliai G, Casini A, Sofi F. (2018). Mediterranean diet and multiple health 

outcomes: An umbrella review of meta-analyses of observational studies and 

randomised trials. Eur J Clin Nutr;72:30–43. 

 

Duranti, S.; Lugli, G.A.; Mancabelli, L.; Armanini, F.; Turroni, F.; James, K.; Ferretti, P.; 

Gorfer, V.; Ferrario, C.; Milani, C.; et al. (2017). Maternal inheritance of 

bifidobacterial communities and bifidophages in infants through vertical 

transmission. Microbiome 5, 66 

 

Estruch R, Ros E, Salas-Salvadó J, Covas MI, Corella D, Arós F, et al. (2018). Primary 

prevention of cardiovascular disease with a mediterranean diet supplemented with 

extra-virgin olive oil or nuts. N Engl J Med. 378.e34. 

 

Food for thought: The role of nutrition in the microbiota-gut–brain axis, Clinical Nutrition 

Experimental, Volume 6, Pages 25-38, ISSN 2352-9393, 

https://doi.org/10.1016/j.yclnex.2016.01.003. 

 

Fraga, A., Esteves-Sousa, D., Facucho-Oliveira, J., Albuquerque, M., Costa, M., Moura, N., 

. . . Moutinho, A. (2021). The role of Mediterranean Diet in mental health in 

pandemic times. European Psychiatry, 64(S1), S674-S674. 

doi:10.1192/j.eurpsy.2021.1788 

 

Garcia-Mantrana I, Selma-Royo M, Alcantara C and Collado MC. (2018). Shifts on Gut 

Microbiota Associated to Mediterranean Diet Adherence and Specific Dietary 

Intakes on General Adult Population. Front. Microbiol. 9:890. doi: 

10.3389/fmicb.2018.00890 

 

 



46 
 

Ghosh TS, Rampelli S, Jeffery IB, Santoro A, Neto M, Capri M, et al. (2020). 

Mediterranean diet intervention alters the gut microbiome in older people reducing 

frailty and improving health status: the NU-AGE 1-year dietary intervention across 

five European countries. Gut.;69(7):1218–28. 

 

Ghosh TS, Rampelli S, Jeffery IB, Santoro A, Neto M, Capri M, Giampieri E, Jennings A, 

Candela M, Turroni S, Zoetendal EG, Hermes GDA, Elodie C, Meunier N, Brugere 

CM, Pujos-Guillot E, Berendsen AM, De Groot LCPGM, Feskins EJM, Kaluza J, 

Pietruszka B, Bielak MJ, Comte B, Maijo-Ferre M, Nicoletti C, De Vos WM, 

Fairweather-Tait S, Cassidy A, Brigidi P, Franceschi C, O'Toole PW. Mediterranean 

diet intervention alters the gut microbiome in older people reducing frailty and 

improving health status: the NU-AGE 1-year dietary intervention across five 

European countries. Gut. 2020 Jul;69(7):1218-1228. doi: 10.1136/gutjnl-2019-

319654. Epub 2020 Feb 17. PMID: 32066625; PMCID: PMC7306987. 

 

Gibson-Smith D, Bot M, Brouwer IA, Visser M, Giltay EJ, Penninx BWJH. Association of 

food groups with depression and anxiety disorders. Eur J Nutr. 2020 Mar;59(2):767-

778. doi: 10.1007/s00394-019-01943-4. Epub 2019 Apr 3. PMID: 30945032; 

PMCID: PMC7058560. 

 

Hills RD Jr, Pontefract BA, Mishcon HR, Black CA, Sutton SC, Theberge CR. (2019). Gut 

Microbiome: Profound Implications for Diet and Disease. Nutrients. Jul 

16;11(7):1613. doi: 10.3390/nu11071613. PMID: 31315227; PMCID: 

PMC6682904. 

 

Hills RD Jr, Pontefract BA, Mishcon HR, Black CA, Sutton SC, Theberge CR. Gut 

Microbiome: Profound Implications for Diet and Disease. Nutrients. 2019 Jul 

16;11(7):1613. doi: 10.3390/nu11071613. PMID: 31315227; PMCID: 

PMC6682904. 

 

Jiang H, Ling Z, Zhang Y, Mao H, Ma Z, Yin Y, Wang W, Tang W, Tan Z, Shi J, Li L, 

Ruan B. (2015). Altered fecal microbiota composition in patients with major 

depressive disorder. Brain Behav Immun. Aug;48:186-94. doi: 

10.1016/j.bbi.2015.03.016. Epub 2015 Apr 13. PMID: 25882912. 

 

Karam EG, Mneimneh ZN, Dimassi H, et al. (2008). Lifetime prevalence of mental 

disorders in Lebanon: first onset, treatment, and exposure to war. PLOS 

Med.;5(4):e61. 

 

 



47 
 

Khalili H, Håkansson N, Chan SS, Chen Y, Lochhead P, Ludvigsson JF, Chan AT, Hart AR, 

Olén O, Wolk A. Adherence to a Mediterranean diet is associated with a lower risk 

of later-onset Crohn's disease: results from two large prospective cohort studies. Gut. 

2020 Sep;69(9):1637-1644. doi: 10.1136/gutjnl-2019-319505. Epub 2020 Jan 3. 

PMID: 31900290. 

 

Khan I, Bai Y, Zha L, Ullah N, Ullah H, Shah SRH, Sun H, Zhang C. Mechanism of the Gut 

Microbiota Colonization Resistance and Enteric Pathogen Infection. Front Cell 

Infect Microbiol. 2021 Dec 23;11:716299. doi: 10.3389/fcimb.2021.716299. PMID: 

35004340; PMCID: PMC8733563. 

 

Kleiman SC, Bulik-Sullivan EC, Glenny EM, Zerwas SC, Huh EY, Tsilimigras MC, Fodor 

AA, Bulik CM, Carroll IM. The Gut-Brain Axis in Healthy Females: Lack of 

Significant Association between Microbial Composition and Diversity with 

Psychiatric Measures. PLoS One. 2017 Jan 19;12(1):e0170208. doi: 

10.1371/journal.pone.0170208. Erratum in: PLoS One. 2019 Aug 

22;14(8):e0221724. PMID: 28103291; PMCID: PMC5245801. 

 

Koloski NA, Jones M, Hammer J, von Wulffen M, Shah A, Hoelz H, Kutyla M, Burger D, 

Martin N, Gurusamy SR, Talley NJ, Holtmann G. (2017). The Validity of a New 

Structured Assessment of Gastrointestinal Symptoms Scale (SAGIS) for Evaluating 

Symptoms in the Clinical Setting. Dig Dis Sci. Aug;62(8):1913-1922. doi: 

10.1007/s10620-017-4599-6. Epub 2017 May 27. Erratum in: Dig Dis Sci. 2017 Jul 

8;: PMID: 28551709. 

 

Kroenke, K., Spitzer, R. L., & Williams, J. B. (2001). The PHQ-9: validity of a brief 

depression severity measure. Journal of general internal medicine, 16(9), 606–613 

 

Lach G, Schellekens H, Dinan TG, Cryan JF. (2018) Anxiety, Depression, and the 

Microbiome: A Role for Gut Peptides. Neurotherapeutics. Jan;15(1):36-59. doi: 

10.1007/s13311-017-0585-0. PMID: 29134359; PMCID: PMC5794698. 

 

Lassale C, Batty GD, Baghdadli A, Jacka F, Sánchez-Villegas A, Kivimäki M, Akbaraly T. 

(2019).Healthy dietary indices and risk of depressive outcomes: a systematic review 

and meta-analysis of observational studies. Mol Psychiatry. Jul;24(7):965-986. doi: 

10.1038/s41380-018-0237-8. Epub 2018 Sep 26. Erratum in: Mol Psychiatry. 2018 

Nov 21;: Erratum in: Mol Psychiatry. 2021 Jul;26(7):3657. PMID: 30254236; 

PMCID: PMC6755986. 

 

Limbana, T., Khan, F., & Eskander, N. (2020). Gut Microbiome and Depression: How 

Microbes Affect the Way We Think. Cureus, 12(8), e9966. 

https://doi.org/10.7759/cureus.9966 



48 
 

Lloyd-Price J, Arze C, Ananthakrishnan AN, Schirmer M, Avila-Pacheco J, Poon TW, 

Andrews E, Ajami NJ, Bonham KS, Brislawn CJ, Casero D, Courtney H, Gonzalez 

A, Graeber TG, Hall AB, Lake K, Landers CJ, Mallick H, Plichta DR, Prasad M, 

Rahnavard G, Sauk J, Shungin D, Vázquez-Baeza Y, White RA 3rd; IBDMDB 

Investigators, Braun J, Denson LA, Jansson JK, Knight R, Kugathasan S, McGovern 

DPB, Petrosino JF, Stappenbeck TS, Winter HS, Clish CB, Franzosa EA, Vlamakis 

H, Xavier RJ, Huttenhower C. (2019). Multi-omics of the gut microbial ecosystem in 

inflammatory bowel diseases. Nature. May;569(7758):655-662. doi: 

10.1038/s41586-019-1237-9. Epub 2019 May 29. PMID: 31142855; PMCID: 

PMC6650278. 

 

Martínez-González MA, Estruch R, Salas-Salvadó J, Fitó M, Martínez JA, Corella D. 

Mediterranean diet and cardiovascular health: Teachings of the PREDIMED study. 

Adv Nutr. 2014 May 14;5(3):330S-6S. doi: 10.3945/an.113.005389. PMID: 

24829485; PMCID: PMC4013190. 

 

Menees S, Chey W. (2018). The gut microbiome and irritable bowel syndrome. F1000Res. 

Jul 9;7:F1000 Faculty Rev-1029. doi: 10.12688/f1000research.14592.1. PMID: 

30026921; PMCID: PMC6039952. 

 

Merra, G., Noce, A., Marrone, G., Cintoni, M., Tarsitano, M. G., Capacci, A., & De 

Lorenzo, A. (2020). Influence of Mediterranean Diet on Human Gut Microbiota. 

Nutrients, 13(1), 7. https://doi.org/10.3390/nu13010007 

 

Mitsou, E., Kakali, A., Antonopoulou, S., Mountzouris, K., Yannakoulia, M., Panagiotakos, 

D., & Kyriacou, A. (2017). Adherence to the Mediterranean diet is associated with 

the gut microbiota pattern and gastrointestinal characteristics in an adult population. 

British Journal of Nutrition, 117(12), 1645-1655. doi:10.1017/S0007114517001593 

 

Nagpal, R., Shively, C. A., Register, T. C., Craft, S., & Yadav, H. (2019). Gut microbiome- 

Mediterranean diet interactions in improving host health. F1000Research, 8, 699. 

https://doi.org/10.12688/f1000research.18992.1 

 

Naja, F., Hwalla, N., Itani, L., Baalbaki, S., Sibai, A., & Nasreddine, L. (2015). A novel 

Mediterranean diet index from Lebanon: comparison with Europe. European journal 

of nutrition, 54(8), 1229-1243. 

 

Naja, F., Itani, L., Kharroubi, S., El Harake, M. D., Hwalla, N., & , L. (2020). Food 

insecurity is associated with lower adherence to the Mediterranean dietary pattern 

among Lebanese adolescents: a cross-sectional national study. European Journal of 

Nutrition, 1- 12. Naja, F.,  



49 
 

Nasreddine, L., Ayoub, J. J., Hachem, F., Tabbara, J., Sibai, A. M., Hwalla, N., & Naja, F. 

(2019). Differences in Dietary Intakes among Lebanese Adults over a Decade: 

Results from Two National Surveys 1997–2008/2009. Nutrients, 11(8), 1738. 

 

Obeid S, Lahoud N, Haddad C, Sacre H, Akel M, Fares K, Salameh P, Hallit S. (2020). 

Factors associated with depression among the Lebanese population: Results of a 

cross-sectional study. Perspect Psychiatr Care. 2020 Oct;56(4):956-967. doi: 

10.1111/ppc.12518. Epub  Apr 20. PMID: 32314394. 

 

Oddo, V.M.; Welke, L.; McLeod, A.; Pezley, L.; Xia, Y.; Maki, P.; Koenig, M.D.; 

Kominiarek, M.A.; Langenecker, S.; Tussing-Humphreys, L. Adherence to a 

Mediterranean Diet Is Associated with Lower Depressive Symptoms among U.S. 

Adults. Nutrients 2022, 14, 278. https:// doi.org/10.3390/nu14020278 

 

Oscar I , Rodríguez-Sosa M, Gariboldi M. Mediterranean Diet to Prevent the Development 

of Colon Diseases: A Meta-Analysis of Gut Microbiota Studies. Nutrients. 2021 Jun 

29;13(7):2234. doi: 10.3390/nu13072234. PMID: 34209683; PMCID: 

PMC8308215. 

 

Pagliai G, Casini A, Sofi F. (2018). Mediterranean diet and multiple health outcomes: An 

umbrella review of meta-analyses of observational studies and randomised trials. Eur 

J Clin Nutr;72:30–43. 

 

Pecora F, Persico F, Gismondi P, Fornaroli F, Iuliano S, de'Angelis GL, Esposito S. Gut 

Microbiota in Celiac Disease: Is There Any Role for Probiotics? Front Immunol. 

2020 May 15;11:957. doi: 10.3389/fimmu.2020.00957. PMID: 32499787; PMCID: 

PMC7243837. 

 

Sadeghi O, Keshteli AH, Afshar H, Esmaillzadeh A, Adibi P. Adherence to Mediterranean 

dietary pattern is inversely associated with depression, anxiety and psychological 

distress.(2021). Nutr Neurosci. Apr;24(4):248-259. doi: 

10.1080/1028415X.2019.1620425. Epub 2019 Jun 11. PMID: 31185883. 

 

Sawaya H, Atoui M, Hamadeh A, Zeinoun P, Nahas Z. Adaptation and initial validation of 

the Patient Health Questionnaire - 9 (PHQ-9) and the Generalized Anxiety Disorder - 

7 Questionnaire (GAD-7) in an Arabic speaking Lebanese psychiatric outpatient 

sample. Psychiatry Res. 2016 May 30;239:245-52. doi: 

10.1016/j.psychres.2016.03.030. Epub 2016 Mar 17. PMID: 27031595. 

 

 



50 
 

Schwingshackl L, Schwedhelm C, Galbete C, Hoffmann G. Adherence to Mediterranean 

Diet and Risk of Cancer: An Updated Systematic Review and Meta-Analysis. 

Nutrients. 2017 Sep 26;9(10):1063. doi: 10.3390/nu9101063. PMID: 28954418; 

PMCID: PMC5691680. 

 

Shafiei, F.; Salari-Moghaddam, A.; Larijani, B.; Esmaillzadeh, A. Adherence to the 

Mediterranean diet and risk of depression: A systematic review and updated meta-

analysis of observational studies. Nutr. Rev. 2019, 77, 230–239.  

 

Silva, Y. P., Bernardi, A., & Frozza, R. L. (2020). The Role of Short-Chain Fatty Acids 

From Gut Microbiota in Gut-Brain Communication. Frontiers in endocrinology, 11, 

25. https://doi.org/10.3389/fendo.2020.00025 

 

Soltani S, Jayedi A, Shab-Bidar S, Becerra-Tomás N, Salas-Salvadó J. Adherence to the 

mediterranean diet in relation to all-cause mortality: a systematic review and dose-

response meta-analysis of prospective cohort studies. Adv Nutr. 2019;10:1029–39. 

 

Spitzer, R. L., Kroenke, K., Williams, J. B., & Löwe, B. (2006). A brief measure for 

assessing generalized anxiety disorder: the GAD-7. Archives of internal medicine, 

166(10), 1092-1097 

 

Sundaram, S., Darak, H. Functional Disease, Dysbiosis, and Dyspepsia: How Helpful Is 

Rifaximin?. Dig Dis Sci 67, 1915–1916 (2022). https://doi.org/10.1007/s10620-021-

07155-3 

 

Ubago-Guisado E, Rodríguez-Barranco M, Ching-López A, Petrova D, Molina-Montes E, 

Amiano P, Barricarte-Gurrea A, Chirlaque MD, Agudo A, Sánchez MJ. Evidence 

Update on the Relationship between Diet and the Most Common Cancers from the 

European Prospective Investigation into Cancer and Nutrition (EPIC) Study: A 

Systematic Review. Nutrients. 2021 Oct 13;13(10):3582. doi: 10.3390/nu13103582. 

PMID: 34684583; PMCID: PMC8540388. 

 

Valdes AM, Walter J, Segal E, Spector TD. Role of the gut microbiota in nutrition and 

health. BMJ. 2018 Jun 13;361:k2179. doi: 10.1136/bmj.k2179. PMID: 29899036; 

PMCID: PMC6000740. 

 

Valles-Colomer, M., Falony, G., Darzi, Y. et al. The neuroactive potential of the human gut 

microbiota in quality of life and depression. Nat Microbiol 4, 623–632 (2019). 

https://doi.org/10.1038/s41564-018-0337-x 



51 
 

Ventriglio A, Sancassiani F, Contu MP, Latorre M, Di Slavatore M, Fornaro M, Bhugra D. 

Mediterranean Diet and its Benefits on Health and Mental Health: A Literature 

Review. Clin Pract Epidemiol Ment Health. 2020 Jul 30;16(Suppl-1):156-164. doi: 

10.2174/1745017902016010156. PMID: 33029192; PMCID: PMC7536728. 

 

Yin W, Löf M, Chen R, Hultman CM, Fang F, Sandin S. Mediterranean diet and depression: 

a population-based cohort study. Int J Behav Nutr Phys Act. 2021 Nov 27;18(1):153. 

doi: 10.1186/s12966-021-01227-3. PMID: 34838037; PMCID: PMC8627099.  

 

 

 

 




