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Abstract: Diet, dietary practices and exercise are modifiable risk factors for individuals living
with mental distress. However, these relationships are intricate and multilayered in such a way
that individual factors may influence mental health differently when combined within a pattern.
Additionally, two important factors that need to be considered are gender and level of brain maturity.
Therefore, it is essential to assess these modifiable risk factors based on gender and age group. The
purpose of the study was to explore the combined and individual relationships between food groups,
dietary practices and exercise to appreciate their association with mental distress in mature men
and women. Adults 30 years and older were invited to complete the food—mood questionnaire. The
anonymous questionnaire link was circulated on several social media platforms. A multi-analyses
approach was used. A combination of data mining techniques, namely, a mediation regression
analysis, the K-means clustering and principal component analysis as well as Spearman’s rank—
order correlation were used to explore these research questions. The results suggest that women’s
mental health has a higher association with dietary factors than men. Mental distress and exercise
frequency were associated with different dietary and lifestyle patterns, which support the concept of
customizing diet and lifestyle factors to improve mental wellbeing.

Keywords: diet; dietary practices; mental health; exercise; customization; gender; adults; brain matu-
rity

1. Introduction

Interdisciplinary research on mental distress and lifestyle suggests that diet, dietary
practices and exercise are modifiable risk factors that are associated with mental well-
being [1]. However, these relationships are complicated and multidimensional. One
important dimension that needs to be considered is the effect of gender on these risk factors.
Increasing evidence indicates that there is a disparity in the prevalence of mental distress
among men and women [2]. Imaging studies describe the morphological differences in the
gender brain [3-6] and propose a connection with brain functionality [7]. These structural
variations may require a differential repertoire of nutrients and lifestyle factors for optimal
brain function. In addition, taking into consideration the age bracket based on adult brain
development is another layer of importance. Typically, the brain completes its development
between the mid-late 20s [8], and post-maturity is typically linked to slow brain aging.
Therefore, diet quality and lifestyle factors may have a different impact on the mature brain
when compared to its younger counterpart. Dietary practices, such as eating breakfast and
use of dietary supplements, may improve brain health and boost mental wellbeing through
a heightened motivation to lead a healthy lifestyle.

Exercise supports the release of a number of growth and neurotrophic factors that
are associated with neuroplasticity [9]. Precisely, the vascular endothelial growth factor
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(VEGEF), an angiogenic signaling molecule, improves age-related changes in cerebral blood
flow and capillary vascularity [10]. The brain-derived neurotrophic factor (BDNF) pro-
motes neurogenesis and neuroplasticity [11], while the insulin-like growth factor (IGF-1)
confers neuroprotection and neural repair [12]. Therefore, exercise supports processes that
improve cognitive functions and mental wellbeing, which are essential for the matured
brain [13]. Several studies described individually the impact of diet and exercise on mental
wellbeing; however, the integrated associations between dietary patterns, dietary practices
and exercise frequency on mental distress in mature adults have not been explored. There-
fore, through this study, we wished to identify the individual and combined relationships
between these variables and their implication on mental distress among mature men and
women. Results from this study could provide the framework needed for customizing
dietary plans to promote exercise and improve mental wellbeing in mature adults. They
could also provide a new perspective for the research community when assessing the role
of diet on mental distress.

2. Methods
2.1. Participants

This study is part of a larger project that has been collecting data to investigate dietary
patterns and mental distress in different cohorts. The anonymous questionnaire link was
distributed on several social media platforms targeting social and professional groups.
Participants consented to the study by agreeing to access the survey. The larger study
collected data from all age groups; however, for the purpose of the current study, only
data from adults 30 years or older were considered. The study protocol was reviewed
and approved by the Institutional Internal Review Board. The only inclusion criteria used
were healthy adults and over the age of 18 years. No pre-screening of mental health was
performed beforehand, as the purpose was to assess the relationship between diet and
different levels of mental distress.

A minimum sample size with 95% confidence and a 5% margin of error for an es-
timated population size of 2000 was set at 322 samples for each gender. Data collection
was performed over a 3-year period and at different intervals to account for the change in
season as well as to diversify the target population.

2.2. Study Design

The Food-Mood Questionnaire (FMQ) was used for dietary and mood data collec-
tion [14]. Demographic questions included gender, age groups (the ones included in the
study were: 30-39, 4049, 50 and above), region of residence, highest education achieved
(high school, 2—4 years of college AA, BS, BA), and the type of dietary patterns followed.
The food groups assessed were whole grain, fruits, dark green leafy vegetables (DGLV),
meat (white and red), beans and legumes, nuts, dairy, fish and high glycemic index (HGI)
foods. Frequency of breakfast consumption and exercise, use of multivitamins and fish oil
supplements, consumption of fast food and caffeinated beverages were also assessed. The
question on exercise asked about the frequency of exercising (cardiovascular or strength
exercise) for at least 20 min a day. Evidence from the literature suggests that at least 20 min
of exercise a day, regardless of the type, improves mental wellbeing [15-17].

The FMQ is a validated instrument that evaluates weekly servings of food groups
known to influence brain function and chemistry. The FMQ is a 5-subscale item with an
internal consistency, as reflected by Cronbach’s alpha values > 0.70 for all sub-scales. The
FMQ is a reliable tool (Intraclass Class Coefficient 0.619-0.884; p < 0.01; CI 95%). The FMQ
also has an external validity [14]. FMQ questions use a 6-point Likert scale and consist of
six questions on mental distress adopted from the Kessler-6 psychological distress scale
(K-6) [18]. The K-6 scale is a quantifier of a spectrum of mood, and its questions originate
from item response theory. The K-6 has consistent psychometric properties across major
socio-demographic sub-samples and strongly distinguishes between community cases and
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non-cases of DSM-IV /SCID [19]. Therefore, the total sum of the K-6 was used to assess
mental distress.

2.3. Classification of Dietary Patterns

The healthy dietary pattern was classified based on the recommendations by the
Dietary Guidelines for Americans 20202025, which include a spectrum of nutrient-dense
food such as fruits, vegetables, whole grains, beans, nuts, lean meat and low-fat dairy [20].
The unhealthy dietary pattern was classified based on the USDA published results of the
1994 Continuing Survey of Food Intakes by Individuals (CSFII), describing the standard
American diet [21], which includes dairy, meat, high glycemic index food and fast food
and excludes fruits, vegetables, legumes and fish consumption. Dietary practices were
established around the clustering of breakfast and/or multivitamin and fish oil supple-
ments use. Other non-classical categories of patterns were based on food groups with high
consumption.

2.4. Data Partitioning

Adults 30 years or older were classified as mature adults (MA), as suggested in the
literature [8,22]. To categorize the degree of mental distress among participants, the K-6
sum scores were characterized into three levels: low mental distress (0-7), moderate (8-12),
and high (13 and above) [23], which have been used in the literature [19].

2.5. Statistical Analysis
2.5.1. Data Pre-Processing

Data cleaning took place in Google sheets using the data cleaning option to remove
duplicate entries. Data values were standardized into z scores.

2.5.2. Rationale of the Study Design

We used a multi-analyses approach to investigate the individual and combined re-
lationships between dietary factors, dietary practices, exercise and their implication on
mental distress among mature men and women. The first step was to perform a mediation
regression analysis (MA) to identify: (1) the individual variables that are associated with
mental distress, (2) the individual variables that are linked with exercise frequency and
(3) the association of each independent variable on mental distress when exercise is a medi-
ator. Next, a K-means cluster analysis (CA) was used to classify the dataset into clusters to
extrapolate unidentified patterns within the dataset and with no prior labeling. K-means is
an unsupervised machine learning technique that detects hidden patterns without human
guidance. This step explained the MA results and further explored the direct and inverse
associations between food groups, dietary practices and exercise with mental distress. A
principal component analysis (PCA) was employed as a confirmatory method to validate
the results obtained from MA and CA. The PCA reduces data dimensionality and identifies
patterns within the dataset, while providing a loading factor that represents the weight
of the variable within the pattern. This attribute clarified the potential contribution of
each variable within a dietary pattern to mental status. The fourth step was to perform a
two-tailed correlational study to further explore the relationships between the independent
variables, exercise and mental distress and confirm the findings from previous analyses
(Figure 1).
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Figure 1. Study design rationale.

2.5.3. Mediation Analysis

The mediation analysis used PROCESS Macro version 3.0, model four [24], with a
5000-bootstrapping sampling option and a 95% confidence interval. The mediation analysis
assessed three different effects or paths. Path “a” defined the regression coefficients for the
association of the independent variable (X) on exercise. Path “b” explored the link between

“_ 1

exercise and mental distress. Pathway “c” assessed the direct effect of X on mental distress,
while pathway “c’” estimated the mediation coefficient (or indirect effect) of exercise on X
in relation to mental distress (Figure 2). The mediation effect is significant if CI excludes
a zero. Thus, if it includes a zero, it means that running the analysis again suggests no

correlation.

Exercise

a path b path

X variable > Mental Distress
IIIII.II.I.IIIIIIII’
¢ path: Effect of X on Mental Distress (Solid)
¢’ path: Effect of X on Mental Distress when Exercise is

a Mediator (Dashed)

Figure 2. The mediation regression model.

2.5.4. Cluster Analysis

The K-means cluster analysis was an investigative step to produce different dietary,
exercise and mental distress clusters. Standardization of variables as z-scores gave them
an equal weight and minimized the influence of the outliers. The K-means clustering
algorithm used iteration to partition the dataset into a pre-specified number of k distinct
clusters. Each training instance was allocated to the closest centroid based on the Euclidean
distance applied to the instance and cluster center. All centroids were then recalculated
as the mean attribute value vectors of the instances that were assigned to specific clusters.
The cluster centers were adjusted by randomly picking k training instances, where k was
the assigned number of clusters. If the cluster centroids remained constant, the iterative
process stopped. The K-means analysis was followed by an ANOVA analysis to confirm
the significance of each variable within the clusters.

2.5.5. Principal Component Analysis

The PCA analysis identified the different patterns within the dataset with a compo-
nent loading. Data were stratified by gender and further by principal components (PC).
Sampling adequacy and inter-correlation of variables were calculated using the Kaiser-
Meyer-Olkin (KMO) test and Bartlett’s test of sphericity, respectively. The eigenvalue >1.0
criterion was used to determine the number of PCs retained. Additionally, the number of
PCs selected was confirmed by visually examining the first major infliction in the scree plot.
The optimal number of components typically capture the highest amount of variance in
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the dataset. Using varimax rotation, PCs were orthogonally rotated (varimax) to simplify
and enhance their interpretability [25]. Variables with component loading (CL) of >0.2
were considered significant contributors to the patterns and were included in the PC solu-
tion [26]. Positive and negative loadings suggested direct and inverse relationships with
the PCs, respectively. Components were classified into healthy diet, unhealthy diet and
supplements use PCs. A one-way ANOVA was used to compare the means of the dietary
patterns.

2.5.6. Spearman’s Rank—-Order Analysis

An assessment of data normality using Shapiro-Wilk and Kolmogorov-Smirnov
tests suggested that the data are not normally distributed. Subsequently, a two-tailed
Spearman’s ank-order correlation evaluated the strength and direction of the relationship
between the variables of interest. Data analysis was performed using SPSS version 25.0.

3. Results

A total of 1209 records were analyzed from mature adults (30 years or older); 329 were
from mature men, 880 were from mature women. Responses were collected from North
America, Europe, the Middle East and North Africa (MENA). Participants’ characteristics
are described in Table 1.

Table 1. Participants Characteristics.

Category Frequency Percent
Gender
Males 329 27.2
Females 880 72.8
Age
30-39 321 26.5
40-49 426 35.3
50-above 461 38.2
Region
Western countries 704 58.5
MENA and Asian countries 499 41.5
Education
Less than high school 119 10
High School 576 48.2
2—4 years college 372 31.1
Graduate degree 128 10.7

3.1. Mediation Analysis

The mediation analysis provided three significant sets of findings. (1) It identified
the direct association of food groups and dietary practices on mental distress (c path).
(2) It explained the effect of each of these independent variables on mental distress when
exercise is a mediator (¢’ path). (3) It described the association between the independent
variables and exercise frequency (a path). Since the b path always compared the association
of exercise on mental distress, the results were similar for all generated models.

3.1.1. The c and ¢’ Paths

Results of the mediation analysis are presented in Table 2. Among women, there
was a significant association between fast food (b = 0.4186) and mental distress. And a
moderate association between caffeine (b = 0.2371), HGI food (b = 0.344) and metal distress.
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In addition, there was a moderate negative association between breakfast (b = —0. 3819),
fruits (b = —0.2532), DGLV (b = —0.3511), fish (b = —0.2694) and mental distress (c path).

Table 2. Mediation regression analysis results for mature men and women.

Men Women
Direct Effect Association Direct Effect Association
of Xon Mediation or of X on Mediation or Indirect
Independent M between X . between X
ental . Indirect Effect Mental . Effect
. and Mediator . and Mediator
Distress Distress
Variables (X) C path (SE) A path (SE) C’ path (SE) C path (SE) A path (SE) C’ path (SE)
[4 P CI P p CI
Caffeine 0.1468 0.1134  0.0747 0.0576 —0.0266 0.0233 0.2371 0.0839  0.0652 0.0331 —0.0298 0.0170
0.1965 0.1957 [—0.0788-0.0133] 0.0048 0.0493 [—0.0671-—0.0002]
Breakfast 0.2222 0.2108  0.4550 0.1024 —0.1702 0.0657 —0.3819 0.2270 0.0626 —0.0943 0.0345
0.2926 0.0000 [—0.3167-—0.0567] 0.1730 0.0275 0.003 [—0.1719-—0.0340]
Whole Grain —0.0717 0.2651 0.0544 —0.0869 0.0339 0.0372 0.0858  0.1927 0.0340 —0.0874 0.0230
0.1062 0.5000 0.0000 [-0.1611-—0.0275] 0.6649 <0.001 [—0.1368——0.0479]
Dairy —0.0253 0.1782 0.0578 —0.0610 0.0293 0.1583 0.0874 —0.0202 0.090 0.0156
0.1144 0.8252 0.0022 [—0.1272—-—0.0149] 0.0704 0.0340 0.5527 [—0.0205-0.0412]
Fruits —0.1673 0.2614 0.0602 —0.0809 0.0355 —0.2532 0.1420 0.0351 —0.0581 0.0192
0.1202 0.1645 0.0000 [—0.1602——0.0212] 0.0921 0.0061 0.0001 [—0.0999-—0.0253]
Nuts —0.4347 0.3096 0.0619 —0.0765 0.0374 —0.0988 0.2031 0.0346 —0.0859 0.0231
0.1122 0.0001 0.0000 [—0.1594——0.0116] 0.0877 0.2602 0.0000 [—0.1356——0.0459]
HGI Food 0.1224 0.1335 —0.2044 0.0676 0.0311 0.3444 0.1043 —0.1828 0.0728 0.0231
0.3600 0.0662 0.0022 [0.0159-0.1385] 0.0010 0.0424 0.0000 [0.0330-0.1227]
Meat 0.0559 0.1257  0.1164 0.0702 —0.0408 0.0286 —0.0644 —0.0861 0.0384 0.0190
0.6569 0.0981 [—0.1042-0.0071] 0.0958 0.5017  0.0383 0.0247 [0.0041-0.0798]
DGLV —0.0913 0.2773 0.0653 —0.0910 0.0356 —0.3511 0.3329 0.0430 —0.1208 0.0350
0.1259 0.4691 0.0000 [—0.1959—-—0.0279] 0.1294 0.0068 0.0000 [—0.1959——0.0573]
Beans —0.0944 0.1746 0.0794 —0.0593 0.0337 0.05550.1148  0.1783 0.0460 —0.0797 0.0257
0.1722 0.5838 0.0285 [—0.1356——0.0044] 0.6291 0.0001 [—0.1351-—0.0351]
Fish —0.5430 0.3753 0.0874 —0.1038 0.0468 —0.2694 0.3926 0.0476 —0.1544 0.0396
0.1626 0.0009 0.0000 [—0.2060-—0.0245] 0.1319 0.0415 0.0000 [—0.2385-—0.0815]
Fast Food 0.1709 0.1739 —0.2168 0.0714 0.0363 0.4186 0.1505 —0.3646 0.1362 0.0389
0.3264 0.0838 0.0101 [0.0123-0.1546] 0.0055 0.0512 0.0000 [0.0668-0.2220]
MV —0.1700 0.1544 0.0478 —0.0485 0.0232 —0.1126 0.0725 0.0260 —0.0319 0.0131
0.0976 0.0825 0.0014 [—0.1002-—0.0115] 0.0636 0.0768 0.0043 [—0.0606——0.0900]
Fish Oil 0.1903 0.1044  0.2569 0.0533 —0.0901 0.0335 —0.0377 0.1293 0.0334 —0.0566 0.0182
0.8536 0.0000 [—0.1610-—0.0302] 0.0831 0.6847 0.0001 [—0.0954-—0.0242]

B path = —0.1682 SE = 0.0386 p < 0.001 B path = —0.4268 SE = 0.829 p = 0.0000

HGI: high glycemic index; DGLV: dark green leafy vegetables; MV: multivitamin; Italic: trending significance.

Exercise significantly reduced the negative association of HGI food and fast food on
mental distress. Interestingly, exercise reversed the negative outcome of caffeine on mental
distress and it significantly improved the positive aspect of breakfast, fruits, DGLV, fish and
mental stress. Exercise, as a mediator, also generated novel inverse associations between
food groups such as whole grain, nuts, multivitamin and fish oil supplements and mental
distress. Remarkably, exercise as a mediator produced a positive association between meat
and mental distress (¢’ path).

Among men, no dietary factors were positively associated with mental distress.
There was a strong significant and inverse relationship between nuts (b = —0.4347), fish
(b = —0.5430) and mental distress (c path). Exercise improved the positive outcome of
nuts and fish on mental wellbeing. Exercise, as a mediator, also generated novel inverse
associations between breakfast, whole grain, dairy, fruits, DGLV, beans, multivitamin and
fish oil supplements and mental distress. Exercise did not have any significant relationship
with caffeine and meat regarding mental wellbeing. A noteworthy observation was that
although HGI food and fast food were significantly associated with mental distress, exercise
as a mediator produced a significant positive relation with mental distress (¢’ path).
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3.1.2. The a Path

Among women, factors that associated with exercise included breakfast (b = 0.2270),
caffeine (b = 0.0652), whole grain (b = 0.1927), fruits (b = 0.1420), nuts (b = 0.2031), DGLV
(b =0.3329), beans (b = 0.1783), fish (b = 0.3926) and MV (b = 0.0725) and fish oil supple-
ments (b = 0.1293). Those that are inversely associated with exercise included HGI food
(b = —0.1829), meat (b = —0.0861) and fast food (b = —0.3646). Dairy was not significantly
associated with exercise. In men, HGI (b = —0.2044) and fast food (b = —0.2168) had an
inverse association with exercise. Factors that strongly correlated with exercise included
breakfast (b = 0.4550), whole grain (b = 0.2651), dairy (b = 0.1782), fruits (b = 0.2614), nuts
(b =0.3096), DGLV (b = 0.2773), beans (b = 0.1746), fish (b = 0.3753) and MV (b = 0.1544)
and fish oil (b = 0.2569) supplements. Meat was not significantly associated with exercise
(Table 2).

3.1.3. Cluster Analysis

The cluster analysis identified two dietary patterns (DP) and three DP for mature men
and women, respectively. The significant variables for women in Cluster 1 consisted of a
healthy dietary pattern and practices. It included exercise, breakfast, whole grain, dairy,
caffeine, fruits, nuts, HGI food, meat, DGLYV, beans, fish, fish oil and an inverse association
with mental distress (mean value = —0.11843). Cluster 2 was a Western diet pattern and
consisted of HGI food, meat and mental distress (mean value = 0.64137). Cluster 3 included
mostly dietary practices, such as breakfast, fish, MV and fish oil, exercise and mental
wellbeing (mean value = —0.31067). Among men, Cluster 1 included fast food and mental
distress (mean value = 0.16357), which represented a Western diet pattern. Cluster 2
reflected all food groups including nuts and fish and excluded fast food, dietary practices
and exercise. This pattern is associated with mental wellbeing (mean value = —0.22241)
(Table 3).

Table 3. K-means clustering mean values for mature men and women.

Men Women

Western Healthy Diet Healthy Western Dietary
Diet and Practices Diet Diet Practices

Exercise —0.40543 0.55127 0.19260 —0.73570 0.29183
Breakfast —0.224 0.30457 0.22082 —0.45985 0.05524
Whole Grain —0.47105 0.64049 0.50487 —0.48263 —0.29798
Dairy —0.33714 0.45842 0.54331 —0.02677 —0.67831
Caffeine —0.17636 0.2398 0.63630 —0.18214 —0.68236
Fruits —0.46929 0.6381 0.87216 —0.66765 —0.63118
Nuts —0.4573 0.62179 0.71417 —0.60315 —0.47692
HGI Food —0.01735 0.0236 0.16037 0.25840 —0.39005
Meat —0.04312 0.05864 0.09057 0.08212 —0.17443

DGLV —0.27635 0.37576 0.33433 —0.86512 0.19765
Beans —0.33734 0.45869 0.23259 —0.34981 —0.04267
Fish —0.25258 0.34343 0.21341 —0.54537 0.12310
Fast Food 0.22267 —0.30276 —0.23469 0.87862 —0.33358
MV —0.19725 0.2682 —0.01079 —0.34881 0.26274
Fish Oil —0.20923 0.28449 0.09741 —0.27796 0.06827
Mental Distress 0.16357 —0.22241 —0.11843 0.64137 —0.31067

HGI: high glycemic index; DGLV: dark green leafy vegetables; MV: multivitamin.

3.14. PCA

The PCA revealed additional interesting findings. There were three principal compo-
nents (PCs) identified for men and women with a total variance of 37.898% and 38.616%,
respectively. Among women, PC 1 consisted of some exercise (CL = 0.241), a healthy diet
and dietary practice. This pattern included triggers of mental distress such as caffeine
(CL = 0.656) and HGI food (CL = 0.212) as well as impediments to mental distress such as
fruits (CL = 0.77), breakfast (CL = 0.31) and DGLV (CL = 0.368). Interestingly no negative or
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positive CL was noted for mental distress. This PC explained 17.477% of the total variance.
PC 2 was mostly supplement use with exercise (CL = 0.304). This pattern seemed to draw
protein intake mostly from beans (CL = 0.677) and about half from fish (CL = 0.311), with
no animal proteins included. Interestingly, no negative or positive CL were also noted
for mental distress. This PC explained 10.775% of the total variance. PC3 was close to
the Western diet, which included strong loadings for HGI food (CL = 0.685), fast food
(CL = 0.583) and mental distress (CL = 0.523). This pattern excluded exercise, DGLV and
fish. This PC explained 10.364% of the total variance.

Among men, PC1 reflected a healthy dietary pattern, exercise (CL = 0.388) and a
negative association with mental distress (CL = —0.214). This PC explained 14.812% of
the total variance. PC2 was a dietary practices pattern with some healthy food groups
and exercise (CL = 0.509). Interestingly, this pattern was also negatively associated with
mental distress (CL = —0.288). This PC explained 13.968% of the total variance. PC3 was
close to the Western diet which included strong loadings for meat (CL = 0.695), HGI food
(CL = 0.657), DGLV (CL = 0.418) and caffeine (CL = 0.383). Although this pattern is known
to be associated with mental distress, no loading (positive or negative) surfaced. This PC
explained 9.118% of the total variance (Table 4).

Table 4. Principal component analysis results for mature men and women.

Men HD DP WD Women HD SU WD
ex;zrir:ﬁ%) 14.812 13968  9.118 ex;:f:;‘z W 747710775 10364
Fruits 0.746 Fruits 0.77
Nuts 0.702 Nuts 0.694
Whole grain 0.612 Caffeine 0.656 —0.303
Dairy 0.587 Dairy 0.59 —0.492
Caffeine 0.422 0.383 Whole grain 0.586
Fish oil 0.702 Breakfast 0.31
MV 0.679 Beans 0.332 0.677 0.274
Fish 0.535 DGLV 0.368 0.421 —0.225
Exercise 0.388 0.509 Meat —0.421
Fast food —0.39 Fish oil 0.417
Breakfast 0.241 0.335 MV 0.347
Mental 0214 0288 HGIfood 0212 0.685
Meat 0.695 Fast food —0.209 0.583
HGI food 0282 0.657 gf;rr‘:l 0523
DGLV 0.417 0418 Exercise 0.241 0.304 —0.507
Beans 0.273 0.353 Fish 0.299 0.311 —0.336

HGI: high glycemic index; DGLV: dark green leafy vegetables; MV: multivitamin; HD: healthy diet; DP: dietary
practice; WD: Western diet; SU: supplement use pattern.

3.1.5. Spearman’s Rank-Order Correlation

Results from Spearman’s correlation analysis are presented in Table 5; Table 6. Among
women, exercise was positively correlated with breakfast, whole grain, fruits, DGLV, beans,
MYV and fish oil supplements (p < 0.001). There was an inverse association between exercise,
HGI and fast food and mental distress (p < 0.001). Mental distress positively correlated
with HGI and fast food (p < 0.001) as well as caffeine (p < 0.05), and inversely associated
with exercise, breakfast, fruits, DGLV and fish (p < 0.001). There was a strong association
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Table 5. Spearman’s rank-order correlation results for mature women.

between consumption of one healthy food group with most other food groups, and exercise
was associated with eating a spectrum of nutrient-rich food. Among men, exercise was
correlated with breakfast, whole grain, dairy, fruits, nuts and DGLYV, fish, MV and fish oil. It
was negatively associated with HGI and fast food (p < 0.001). Interestingly, mental distress
was not linked with any food groups. However, factors that were inversely related to
mental distress included exercise, fruits, nuts, fish and MV supplements. When comparing
men and women, dairy was the factor that was strongly associated with exercise in men,
but not in women (r = 0.161 **). For women, beans were a factor that significantly correlated
with exercise, but was not significant in men (r = 0.119 **).

Eixseer- Bfr::tk- ‘(/;vlgli)xlle Dairy fecizfez Fruits Nuts g)f);}i Meat  pGLY  Beans Fish FFSSS MV lz)lflll ]Zl)\i[setxr:zi

Exercise . 0118 0200 _goic o6 0142 0203 051 o0 0251 0119 0269 0231 009 0132 ;o
Breakfast 1 0204 0118 gog6 0180 0152 5559 ooz 0102 oo 0087 009 4043 21 0087
vgvr};?rlle ] 0200 0253 0302 0300 0079 _n 0167 0269 0164 0116 (o e o008
Dairy 1 0433 0398 0229 0130 0128 o043 _0054 —0044 0022 00890076 (6
Caffeine 1 0430 0347 o34 OO 0063 00a8 Ol 0025 00230011 0076*
Fruits 1 0508 0101 gpq 0211 0195 0181 —0129 408 042  —0.095 **
Nuts 1 006  —001 02 0266 0245 0181 04 0080 5g

HGI . 0136 _goig 0172 —0097 0217 —0071 g4 o151
Meat 1 0074 0149 gg03 0126 g 0104 g
DGLV 1 0283 0287 0212 g433 o052 —0.117*
Beans 1 0¥ s ooas 097 0o0a

Fish 1 —0124 0101 gpgq 116

Fast 1 —0.053 50089 1604

MV 1 0302 o049
Fish oil 1 ~0.045
Mental 1
distress

*p <0.05,** p < 0.01, HGI: high glycemic index; DGLV: dark green leafy vegetables; MV: multivitamin.
Table 6. Spearman’s rank—order correlation results for mature men.
Exercise Breakfast ‘C/;vlg(i);e Dairy Caffeine Fruits Nuts 117—21 (0;‘11 Meat DGLV Beans Fish 15:;3 MV lz;flh g{:{; zasls

Exercise 1 0259+ 0256 0l6l 475 0242 0248 0165 g9y 0245 95 0226 0201 0135 0.196 754
Breakfast 1 0227 0179 068 013 0051 —0078 —0065 00sa 033 0112 —0I91 0134 5097 0009
ngg(i’rlf 1 0205 018 0305 0350  o81 _go19 0207 022 0132 ;043 0060 0048  —0.098
Dairy 1 0272 038 0315 g9 0099 0048 —0.029 0.085 —0003 0051 0008 —0.028
Caffeine 1 0277 0199 0136 0148 05y 0099 0013 0025 —0.059 —0.043 0.065
Fruits 1 0470 o074  —o0020 0118 019 ooz 0135 g0 0067  —0.123*
Nuts 1 —0046 0029 0163 0193 0141 4446 0032 0102 0227
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Table 6. Cont.

. Whole . . . HGI . Fast Fish Mental
Exercise Breakfast Grain Dairy Caffeine Fruits Nuts Food Meat DGLV  Beans Fish Food MV 6i Distress
o 1 02499 g3 0159 5089 0090 —0.061 0148 o075
0.175
Meat 1 17 0020 0067 0072 0039 0034 —0.023
DGLV 1 0317 0220 0156 476 0100 —0.086
Beans 1 0137 0081 00460035  —0.040
Fich | 0197 0123 0128 _jggm
Fast —0.137
fast 1 ~0.107 0.070
MV 1 0472 o5+
Fish Oil 1 ~0.026
Mental

distress

1

*p <0.05,** p < 0.01, HGI: high glycemic index; DGLV: dark green leafy vegetables; MV: multivitamin.

4. Discussion

Several interesting findings were revealed in this study. Our results suggest that food
groups within a dietary pattern and frequency of exercise have a differential relationship
with the mental wellbeing of mature men and women. Additionally, mental distress
in women is more likely to be impacted by dietary factors than men, which supports
previous findings [27]. Our results also suggest that there is an association between food
groups and exercise frequency. Several of these groups are low in energy but packed
with micronutrients such as B vitamins and minerals as well as the healthy fats needed
for neurotransmitter synthesis [28] and brain function [29,30], respectively. This finding
proposes that further studies are needed to elucidate the physiological mechanisms of how
exercise modulates the relationship of particular food groups with brain chemistry. The
following section summarizes the major findings from each analysis.

4.1. Mediation Regression Analysis (MA)

The individual relationship between exercise, food groups and dietary practices was
explored through MA. In general, exercise enhanced the positive relationship of mental
distress impediments and reduced the negative impression of mental distress triggers.
Several studies described that exercise improves mental health significantly [9,10,31]; to
our knowledge, this study is the first in proposing the potential enhancing effect of food
groups on mental health when exercise is a mediator. One potential mechanism that may
explain this phenomenon is the reciprocal relationship between exercise and food groups.
The fact that several of these food groups were associated with higher exercise frequency
suggests that there is a potential virtuous relationship between healthy food groups and
exercise that eventually improves mental wellbeing. Healthy food groups are labeled as
such because they confer several health benefits including complex carbohydrates, essential
amino acids and healthy fats such as omega-3 fats. In addition, maintenance of a steady
blood glucose (high fiber, low glycemic index food), normal blood pressure (food high in
potassium and low in sodium) and strong skeletal muscle (complete proteins and omega-3
fats) support the ability to exercise. Omega-3 fats have an anti-inflammatory property that
supports muscle integrity. These food groups were also all reported to have a positive
association with mood [32-34]. Another interesting observation noted was that exercise
reversed the negative relationship of caffeine on mental distress in women but did not
reflect any association in men. From our findings, women in our cohort had mostly low
levels of exercise. Caffeine appears to be a double-edged sword. As a stimulant, it activates
the hypothalamic, pituitary, adrenal (HPA) axis that modulates the stress response [35]. As
an adenosine antagonist, caffeine delays fatigue during exercise. Therefore, women who
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consume high levels of caffeine and do not exercise are more likely to experience mental
distress. However, those who consume caffeine and exercise, are more likely to get the
neuromodulator benefit of exercise by working out longer. This may explain the conflicting
reports of the association between caffeine and mood that may have excluded exercise as a
potential mediator [36,37]. In a few instances in our study, exercise acted as a trigger for
mental distress with consumption of certain food groups. For women, meat did not have
any association with mental distress, but became a trigger with exercise. The same applies
for fast food and mental distress in men.

The relationship between meat, exercise and mental distress is intriguing. The con-
ventional thought is that meat is a good source of tryptophan and tyrosine, the precursors
for serotonin and dopamine, respectively. However, digging into the biochemistry of
these neurotransmitters may reveal a response. The transport of tryptophan and tyrosine
across the blood brain barrier is insulin-dependent [38,39]. Exercise typically lowers blood
glucose, which improves the insulin response. In addition, women appear to have lower
kinetics for serotonin production [40], which means slight alterations in the tryptophan
influx to the brain may modulate serotonin synthesis. The relationship between fast food,
exercise and mental distress in men is more of a straightforward connection. Typically,
fast food is high in salt, sugar and saturated fat, and as a low-quality food, it is deficient
in several nutrients. Exercise, being metabolically taxing, competes with the brain for
essential nutrients.

4.2. Cluster Analysis (CA)

The data mining techniques were used to explore the dynamic interaction between
dietary patterns, dietary practices and exercise on mental distress. The CA confirmed
many of the MA findings and generated new perspectives as well. For women, Cluster
1 was comprised of exercise, a healthy diet and healthy dietary practices pattern, which
are associated with mental wellbeing. This is in line with several studies that investigated
dietary patterns, practices, exercise and mental distress [37-39]. Cluster 2 was a Western
diet pattern that is strongly associated with mental distress, which confirmed previous
findings in the literature [41]. Cluster 3 described exercise and a healthy dietary pattern
and an association with mental wellbeing. All three clusters confirmed the MA results in
women. For men, Cluster 1 was comprised of fast food, which is reflective of a Western
dietary pattern. This cluster was associated with mental distress; however, it was not
justified by MA findings, which suggests that other confounding factors may have mediated
this association between fast food and mental distress among mature men. Another
potential factor is the duration of following this pattern. Nutrient imbalances are associated
with mental distress [42]; however, since the study did not assess this component, it is
suggested with caution as a potential contributor. In addition, fast food and the Western
dietary pattern are typically associated with excessive saturated fat intake. The latter alters
metabolism and exercise levels, which eventually lead to weight gain and subsequently to
mental distress [31,43].

As for Cluster 2, it was comprised of a healthy diet, healthy dietary practices and
exercise and, as expected, it was associated with mental wellbeing. Cluster 2 confirmed MA
results as exercise significantly improved the association between these food groups with
mental health. When comparing the results between gender, the Western dietary pattern
produced a higher mean value for mental distress in women than in men. This finding
suggests that mood among women has a stronger relationship with dietary factors when
compared to men [27,44].

4.3. PCA

The usefulness of the PCA is in the component loading (CL) which provides a weight
of the variable within the pattern. According to the MA results, exercise reversed the
negative relationship of caffeine among women. However, looking at the component
loading weight of caffeine and exercise in PC1, caffeine had about three times that of
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exercise in the healthy dietary pattern and yet, no loading for mental distress (negative or
positive) was detected. This discrepancy suggests that the relationship between caffeine
and exercise is not as straightforward as anticipated. In addition, it suggests the significance
of the food group within a pattern and frequency of exercise play a role in mental health.
Three general observations were noted from the PCA results based on the component
loading values: (1) low to moderate exercise supported mental wellbeing among men
regardless of the food groups consumed; (2) low exercise did not produce mental wellbeing
in women despite the inclusion of healthy food groups and practices; and (3) when mature
women consumed triggers of mental distress or relied on beans as a main source of proteins,
low exercise did not chemically modulate enough of the mental distress impediments to
produce mental wellbeing. This suggests that with more triggers of mental distress and a
vegetarian style pattern, there is potentially a higher need for exercise to achieve mental
wellbeing. The PCA results for men confirmed the MA findings that no dietary triggers
seem to be associated with mental distress in men. The observations from the PCA also
supported the notion that inclusion of impediments to mental distress such as nuts and
fish support mental wellbeing. This differential relationship between exercise and mental
wellbeing among men and women is interesting. Dissecting this finding further, the
difference could be explained by the frequency or intensity of exercise [45] or could be the
inherent difference in muscle mass [46]. This finding is worth further exploration.

4.4. Spearman’s Rank—Order Correlation Analysis

Spearman’s correlation analysis confirmed the gender-based MA findings and re-
vealed additional noteworthy conclusions. It confirmed the MA findings that triggers of
mental distress for women were caffeine, HGI and fast food. Positive influencers of mental
wellbeing were breakfast, fruits, DGLV and fish. The results also explained the association
between HGI and fast food, low exercise and mental distress. They also proposed that
consumption of healthy food groups may improve diet quality and frequency of exercise,
which confirmed the findings from the MA. This evidence suggests that food groups may
neurochemically promote the motivation to exercise. As for men, the results were compa-
rable to the findings from the MA and corroborated that mental distress in men was not
associated with any food group. However, Spearman’s correlation added fruits and MV
supplements to the positive influencers of mental wellbeing in men, which explained some
observations noted in the cluster analysis and PCA results.

4.5. Summary of Findings

The most important take away points of this study are: (1) women are sensitive to
the inclusion of triggers in their diet despite consumption of a healthy diet; (2) exercise
(type and frequency) may have a differential relation with the mental wellbeing of men and
women; (3) the weight of a dietary factor within a pattern may significantly sway mental
wellbeing, which is more pronounced in women; and (4) research on diet and mood should
take into consideration the potential indirect effect of exercise as a mediator.

Another remarkable theory emerged for women: the quality of protein consumed may
be important for women’s mental wellbeing, which requires further examination. Finally,
our results suggest that despite following a healthy diet and lifestyle, if triggers of mental
distress exceed certain thresholds, mood is negatively impacted.

4.6. Strengths and Limitations of the Study

The major strengths of the study are the large sample size and the use of a multiple-
analyses approach to extricate the findings and illustrate the complex relationship between
food groups, dietary patterns and practices, exercise and mental distress. The study fills
several gaps in the literature by reporting on the differential influence of dietary factors
and exercise on the mood of mature men and women. Furthermore, the results provide
compelling evidence that the customization of diet and lifestyle may enhance mental
wellbeing in this population. Finally, new theories emerged from this study that are worth
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further exploration. Nonetheless, the limitations of this study include the convenience
sample and its cross-sectional design. In addition, it does not take into consideration the
disparities in genetic factors, socio-economic status, sleep pattern, cultural differences
or any other factors that may have impacted the psychology of the individuals or their
food intake.

5. Conclusions

Our study revealed several interesting findings. Among women, mood is more
sensitive to dietary factors than men. Exercise may lessen the intensity of negative triggers,
but it may not completely reverse it when frequency is low. The weight of the trigger also
has an impact within the dietary pattern. For men, consumption of fast food and absence of
exercise were associated with mental distress. However, low to moderate exercise seemed
to significantly improve their mental wellbeing. In essence, our findings suggest that
the customization of diet and exercise for mature men and women is needed to improve
mental wellbeing.
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