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Abstract: The aim of the present study was to examine associations between dietary habits, substance
use, and mental distress among adults. This cross-sectional study was conducted in 2019 using an
online questionnaire and included 28,047 adults (>18 years) from Southern Norway. Multivariable
logistic regression models stratified by gender were used to examine the associations between
different lifestyle behaviors and mental distress. The results showed increased odds of mental
distress among males and females with low consumption of vegetables (OR:1.26; 95% CI:1.08-1.47
and 1.14; 1.02-1.28) and fish (1.28; 1.12-1.46 and 1.36; 1.22-1.52), and among females, but not males,
with high consumption of sugar-sweetened beverages (1.25; 1.06-1.48) compared to those with a
healthier consumption of these foods and beverages. The results also showed increased odds of
mental distress among male and female smokers (1.38; 1.19-1.60 and 1.44; 1.26-1.64), and among
females, but not males, reporting current use of smokeless tobacco (1.20; 1.03-1.40), compared to
male and female non-smokers and female non-users of smokeless tobacco. Overall, unhealthy dietary
habits, smoking and the use of smokeless tobacco was associated with increased odds of mental
distress, but the relationship varied according to gender. Future studies are needed to confirm any
possible causal relationships.
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1. Introduction

The World Health Organization (WHO) has highlighted the need to prevent mental
disorders, which have been identified as one of the major contributors to the global burden
of disease [1,2]. In the OECD countries, up to one in five people are affected by a mental
health condition at any time, and the direct and indirect economic costs of mental ill-health
are estimated to be more than 4% of the GDP [3,4]. Research has shown a strong positive
association between mental distress and mental disorders [5], and thus, identifying lifestyle
behaviors that generate mental distress and may further develop into mental disorders
is crucial.

Recent evidence has indicated that unhealthy dietary habits may increase the preva-
lence of mental distress, and that the relationship is bidirectional [6,7]. On the other hand,
results from a cross-sectional study among Canadian adults indicated that high-quality
diets and food security may prevent poor mental health [8], whereas poor diet quality did
not predict mental distress among Dutch adults participating in a large cohort study [9].
Although few studies have examined the relationship between the consumption of specific
food items and beverages, the results indicate that high consumption of fruits, vegetables,
and fish, and low consumption of sugar-sweetened beverages may be associated with a
reduced risk of developing mental distress and symptoms of depression [10-12].
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Smoking has also been associated with an increased risk of poor mental health [13,14],
and a longitudinal cohort study among U.S. adults showed that female tobacco users had an
increased risk of mental distress compared to males [15]. Furthermore, studies indicate that
the association between smoking and poor mental health appears to be bidirectional [16].

Even though smokeless tobacco is used across the globe and poses a major public
health threat [17], there is a lack of studies examining the possible associations between the
use of smokeless tobacco and mental distress. However, a cross-sectional study among U.S.
adults found that the use of cigarettes and smokeless tobacco was more prevalent among
individuals with mental distress [18].

Finally, studies have shown that long-term heavy alcohol consumption can increase
the risk of mental distress and dependency [19,20], and the WHO described a causal
relationship between the harmful use of alcohol and a range of mental and behavioral
disorders [21]. Moreover, results have indicated that poor mental health may also be a
maintaining factor for heavy alcohol consumption [22].

Few comprehensive studies previously examined the association between different
lifestyle behaviors and mental distress, especially diet and smokeless tobacco. Thus, the
aim of the present study was to examine the possible associations between diet, smoking,
the use of smokeless tobacco, alcohol consumption, and mental distress among a large
sample of adults living in Southern Norway.

2. Materials and Methods
2.1. Study Design and Population

The present cross-sectional study was part of the Norwegian Counties Public Health
Surveys and was conducted between September and October 2019. A random sample
of 75,191 adult residents (>18 years of age) living in Southern Norway (31.6% of the
adult population in this region) was drawn from the National Register. After the removal
of deceased individuals, those registered in the Contact and Reservation Register with
unverified contact information, and individuals registered with an address outside the
Southern Norway region, a total of 61,611 residents (25.9%) were invited to participate.
Invitations to participate were sent by e-mail and text message (SMS). Information about
the study was broadcast through social media (Facebook, local webpages for the county
and municipalities), regional and local newspapers, and television. To further increase
the participation rate, six random participants each received a gift card worth NOK 4000
(approximately EUR 380). Participants gave their consent by filling out an online consent
form and it took approximately 15 min to complete the online self-report questionnaire. In
total, 28,047 individuals took part in the study (a response rate of 45.5%): 14,925 females
(50.1%) and 13,122 males (41.2%) (Figure 1).

Participation in the present study was voluntary, and all participants had the opportu-
nity to withdraw from the study at any time. The Norwegian Institute of Public Health
held legal responsibility for the survey and was responsible for collecting and anonymizing
data. Independent researchers who did not participate in the data collection process or had
access to personally identifiable information analyzed data, and the study was conducted
in line with the Declaration of Helsinki. Ethical approval and research clearance were
obtained from the Faculty Ethical Committee at the University of Agder.
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Final sample included in analyses:
n=27,620 (44.5%)

Figure 1. Sample collection flow chart.

2.2. Measures

Questions, response alternatives, and variable definitions are presented in Table 1.
Information about gender and age was retrieved from the Central Population Register.

Mental distress was measured using the short version (HSCL-5) of the Hopkins Symp-
tom Checklist (HSCL-25) [23,24]. The HSCL-5 is acknowledged as a valid and reliable
measure of anxiety and depressive symptoms among adults [24,25]. The instrument
includes five items that refer to experiences during the past week, where feelings of ner-
vousness or inner concern, fear or anxiousness, hopelessness about the future, unhappiness
and restlessness are reported. Each item has the following four response alternatives: “not
bothered” (coded 1), “a little bothered” (coded 2), “somewhat bothered” (coded 3), and “ex-
tremely bothered” (coded 4). A mean sum score was constructed by adding the number of
each item divided by the number of questions. Further, the variable was dichotomized, and
a validated cut-off score of >2.0 was used to identify participants with mental distress [25].

Diet and beverage consumption were assessed by asking respondents questions on
how often they usually consumed fruit and berries, vegetables, and fish, and how often they
usually drank sugar-sweetened beverages. The response alternatives were dichotomized
into having high or low consumption of the selected food items (see Table 1).

Smoking and the use of smokeless tobacco were measured using a single ques-
tion about how often participants smoked/used smokeless tobacco. The results were
dichotomized to identify the current status as regards smoking habits and the use of
smokeless tobacco.
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Table 1. Questions, response alternatives, and variable definitions.

Questions

Response Alternatives

Variable Definitions

Mental Distress
During the past week, to what degree have you been bothered with nervousness or inner concern?

During the past week, to what degree have you been bothered with fear or anxiousness?

During the past week, to what degree have you been bothered with hopelessness about the future?

During the past week, to what degree have you been bothered with unhappiness or sadness?

During the past week, to what degree have you been bothered with concern or restlessness?

Not bothered, a little bothered,
somewhat bothered, extremely bothered

No mental distress (reference)
Mental distress (HSCL-5 > 2.0)

Diet and Beverage Consumption

How often do you eat fruits and berries (not including juices)?

How often do you eat vegetables, included salads (not including potatoes)?

How often do you eat fish (as topping on bread, for lunch or dinner)?

How often do you drink sugar-sweetened soft drinks or beverages?

Rarely/never, 1-3 times/month, once/week,
2-3 times/week, 4-6 times/week, daily

High consumption (reference)
Low consumption (<6 times/week)

High consumption (reference)
Low consumption (<6 times/week)

High consumption (reference)
Low consumption (<1 once/week)

Low consumption (reference)
High consumption (>4 times/week).

Tobacco

How often do you smoke? Including both filter cigarettes and rolling tobacco.

How often do you use smokeless tobacco?

Daily, sometimes; not now, but daily in the past; not
now, but sometimes in the past; have never smoked
or used smokeless tobacco

Non-smoker (reference)
Smoker (daily, sometimes)

No current use (reference)
Current use (daily, sometimes)

Alcohol

Have you ever drunk any kind of alcoholic beverage?

Yes, No.

Within the last 12 months, how often have you had a drink containing alcohol?

Never, < once/month, 2—4 times </month,
2-3 times/week, >4 times/week

How many drinks containing alcohol do you have on a typical day of drinking?

1-2,3-4,4-5,5-6,7-9, >10

How often do you have six or more drinks on one occasion?

Never, < once/month, monthly, weekly, daily or
almost daily

No excessive alcohol use (reference)
Excessive alcohol use
(score >5 for males, >4 for females)
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Table 1. Cont.

Questions

Response Alternatives

Variable Definitions

Perceived Financial Situation

If you live in a single-person household, think about your total income. If you live together with
others, think of the total income of everyone in the household. How easy or difficult is it for you
to make your money last on a daily basis, with this income?

Very difficult, difficult, relatively difficult, relatively
easy, easy, very easy, don’t know

Easy financial situation (reference)
Difficult financial situation
(very difficult,
difficult, relatively difficult)

BMI
How tall are you without shoes? Answer in cm.
How much do you weigh without clothes and shoes? Answer in kg. If pregnant, weight
before pregnancy.
Age

BMI < 25 (reference)
BMI > 25 (overweight/obesity)

Retrieved from the Central Population Register.

>18 years old

Continuous variable (low, reference)
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High alcohol consumption was measured by asking respondents whether they had
ever drunk alcohol or not. Response alternatives were “yes” and “no”. For responders
who answered “yes”, the short version of the Alcohol Use Disorders Identification Test
Consumption (AUDIT-C) was used to measure alcohol habits and potential alcohol prob-
lems [26]. A total AUDIT-C score between 0 and 12 points was calculated based on
responses from three questions about alcohol use. In line with recommendations based on
previous studies, a cut-off value of >5 for males and >4 for females was used to identify
high alcohol consumption [27-29].

Information about perceived financial situation was used as a proxy for socioeconomic
status. The response alternatives: “very difficult” and “difficult” were used to identify
participants with perceived financial difficulties.

Body mass index (BMI) was based on respondents” information concerning height in
cm and weight in kg without clothes and shoes (kg/m?). Pregnant females were asked to
report their weight before pregnancy. BMI was dichotomized to identify those who were
overweight and obese (BMI > 25) and those with a lower weight status (BMI < 25).

Information about age and gender was retrieved from the Central Population Register.
Age was used as a continuous variable.

2.3. Statistical Analysis

Data were analyzed using SPSS (IBM Corp., Armonk, NY) version 25. Pearson chi-
square tests were used to identify differences in mental distress between males and females
with unhealthy dietary habits (Table 2) and substance users (Table 3).

Table 2. Differences in mental distress between males and females with unhealthy dietary habits.

High Consumption of

Low Consumption of Fruit and Low Consumption of Vegetables Low Consumption of Fish % (95% Sugar-Sweetened
Berries % (95% CI) % (95% CI) CI) Beve%ages % (95% CI)
Males Females p-Value * Males Females  p-Value * Males Females  p-Value * Males Females  p-Value *
Mental 13 18 13 18 19 24 19 29
Distress (12-14) (17-19) (12-14) (17-19) (17-20) (22-25) (17-21) (26-31)
M];I‘ﬁal 87 8 <0.001 87 0 <0.001 31 76 <0.001 81 7 <0.001
Distress (00788 (81-83) (86-88)  (81-83) (80-83)  (75-78) (79-83)  (69-74)
* x2 tests were used to analyze differences in mental stress according to gender.
Table 3. Differences in mental distress between male and female substance users.
. Using Smokeless Tobacco % Excessive Alcohol Consumption %
0, o,
Smoking % (95% CD (95% CI) (95% CI)
Males Females  p-Value * Males Females p-Value * Males Females  p-Value *
Mental 19 22 16 28
Distress (17-20) (21-24) (15-18) (26-30) 14 (13-15) 19 (18-20)
0.004 <0.001 <0.001
No Mental 81 78 84 72 86 (85-87) 81 (80-82)
Distress (80-83) (76-79) (82-85) (70-74)

* %2 tests were used to analyze differences in mental stress according to gender.

In Table 4, multivariable logistic models adjusted for financial situation, BMI, and
age were used to investigate the possible associations between low consumption of fruit
and berries, vegetables, fish, high consumption of sugar-sweetened beverages, smok-
ing, the use of smokeless tobacco, excessive alcohol consumption and mental distress
(HSCL-5-score > 2.0). Separate models were presented for males and females. Pearson
correlation tests revealed low pairwise correlations between independent variables in the
models, indicating that multicollinearity was not present. The significance level was set to
p < 0.05.
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Table 4. Logistic regression describing the association between lifestyle behaviors and mental distress among adults.

Exposure Variables

Model 1 Model 2 Model 3 Model 4
Males Females,
. Males .o Females
Unadjusted o Unadjusted o
OR (95% CI) OR (95% €D OR (95% CI) OR (95% €D
Fruit and berries
High consumption 1 1 1 1

Low consumption
Vegetables
High consumption
Low consumption
Fish
High consumption
Low consumption
Sugar-sweetened
beverages
Low consumption
High consumption

1.27 (1.08-1.49) **

1
1.19 (1.03-1.37) *

1
1.79 (1.59-2.01) ***

1
147 (1.27-1.69) **

1.06 (0.89-1.26)

1
1.26 (1.08-1.47) **

1
1.28 (1.12-1.46) ***

1
1.13 (0.96-1.32)

1.29 (1.16-1.45) ***

1
1.18 (1.06-1.31) **

1
1.79 (1.62-1.98) ***

1
1.81 (1.57-2.10) ***

1.10 (0.97-1.24)

1
1.14 (1.02-1.28) *

1
1.36 (1.22-1.52) ***

1
1.25 (1.06-1.48) **

Smoke
Not smoking 1 1 1 1
Smoking 1.65 (1.45-1.88) *** 1.38 (1.19-1.60) *** 1.46 (1.30-1.65) *** 1.44 (1.26-1.64) ***
Smokeless tobacco
Not using smokeless 1 1 1 1
tobacco
Using smokeless 1.30 (1.14-1.48) *** 1.01 (0.87-1.17) 1.83 (1.60-2.10) *** 1.20 (1.03-1.40) *
tobacco
Alcohol
Low alcohol 1 1 1 1
consumption
Excessive alcohol 1.12 (1.00-1.25) 1.07 (0.94-1.21) 1.20 (1.08-1.32) *** 1.04 (0.93-1.16)
consumption
BMI
Normal weight 1 1
Overweight/obese 1.02 (0.89-1.15) 1.06 (0.95-1.17)
Perceived financial
Control Variables situation
Easy 1 1
Difficult 4.93 (4.36-5.57) *** 3.59 (3.23-3.99) ***
Age
Younger 1 1
Older 0.98 (0.98-0.98) *** 0.97 (0.97-0.97) ***
***p <0.001; **p <0.01; *p <0.05.
3. Results

Our sample included 27,620 participants: 46.8% males (n = 13,122) and 53.2% females
(n = 14,925), 18 years of age and above (mean age 46.9 £ 16.3) in which 20.4% (n = 5547)
reported having a difficult financial situation, and 79.6% (n = 21,696) reported no financial
difficulties. Among all participants, a total of 3795 (13.7%) participants reported having
mental distress, and the proportion was higher among females (15.3%) than males (11.9%).

The results presented in Table 2 show that, among participants with a low consump-
tion of fruit and berries, and vegetables, a higher proportion of females than males re-
ported mental distress (18% vs. 13%, respectively). Similarly, among individuals with
a low consumption of fish and a high consumption of sugar-sweetened beverages, a
higher proportion of females than males reported mental distress (24% vs. 19% and
29% vs. 19%, respectively).

The results presented in Table 3 show that among smokers, users of smokeless tobacco,
and those who demonstrate excessive alcohol consumption, a higher proportion of females
than males reported mental distress (22% vs. 19%, 28% vs. 16% and 19% vs. 14%, respectively).

Adjusted regression models (model 2 and 4, Table 4) showed increased odds of mental
distress among males and females with a low consumption of vegetables (OR:1.26; 95%
CI:1.08-1.47 and 1.14; 1.02-1.28) and fish (1.28; 1.12-1.46 and 1.36; 1.22-1.52), compared to
those with a high consumption of vegetables and fish. Further, an increased probability
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of mental distress was shown among females, but not males, with a high consumption
of sugar-sweetened beverages (1.25; 1.06-1.48), compared to those with a low consump-
tion of sugar-sweetened beverages. The results also showed an increased probability of
mental distress among male and female smokers (1.38; 1.19-1.60 and 1.44; 1.26-1.64), and
among females, but not males, reporting current use of smokeless tobacco (1.20; 1.03-1.40),
compared to male and female non-smokers and female non-users of smokeless tobacco.

The control variables indicated an increased probability of mental distress among
males and females with financial difficulties (4.93; 4.36-5.57 and 3.59; 3.23-3.99) compared
to males and females with no financial difficulties. Finally, our study revealed a decreased
probability of having mental distress with older age among males and females (0.98;
0.98-0.98 and 0.97; 0.97-0.97) compared to younger participants.

4. Discussion

The results from the present study showed an association between unhealthy dietary
habits, substance use, and mental distress in a large sample of Norwegian adults, but the
relationships varied according to specific food items and beverages, different substance
use habits, and gender.

Our findings indicated that low consumption of vegetables was associated with
increased odds of mental distress, both among males and females. However, the observed
association between low consumption of fruit and berries and mental distress seemed to
disappear after adjustment for BMI, perceived financial situation, and age. A systematic
review concluded that despite limitations resulting from the use of various methodologies
in different population groups, the consumption of fruits and/or vegetables seems to
have a positive influence on mental health [30]. Another recently published systematic
review of cohort studies, however, reported that there is inconclusive evidence on the
effect fruits and vegetables have on reducing the odds of developing depression and
depressive symptoms [31]. An explanation for the possible positive effects of fruit, berries,
and vegetables on mental health is the high content of polyphenols and antioxidants, which
have been suggested to reduce oxidative stress and thereby have an alleviative effect on
depressive symptoms [32,33]. Other studies also confirmed that the anti-inflammatory
effect of diets rich in fruits and vegetables is causally linked to decreased risk of depressive
symptoms [34-36].

Furthermore, results from the present study showed an association between a low
consumption of fish and increased odds of mental distress in both males and females.
Similar to our findings, other studies confirmed an association between a low consumption
of fish and mental distress and symptoms of depression [37,38]. Moreover, a cross-sectional
study among Spanish adults suggested a U-shaped relationship between the consumption
of fish, the intake of long-chained omega-3 fatty acids, and depressive symptoms [39],
whereas a meta-analysis of observational studies suggested a J-shaped association [37].
A recently published systematic review also suggested that omega-3 polyunsaturated
fatty acids play an important role in the prevention and treatment of anxiety, and that the
relationship may be explained by an anti-inflammatory response, brain-derived neurotropic
factor (BDNF), cortisol, and cardiovascular activity [40].

Another result from the present study was the association between a high consumption
of sugar-sweetened beverages and increased odds of mental distress among females,
but not males. Various previous studies indicated a positive association between the
consumption of sugar-sweetened beverages and mental distress in both genders [13,41],
whereas a prospective study from the U.K. showed that high sugar consumption from sweet
foods/beverages increased the chance of mood disorders in males but not females [42]. A
study among females showed that exposure to negative emotions evoked by life problems
increased energy intake, and that normal weight women only increased the consumption
of sweet food, whereas overweight women increased the consumption of both sweet and
salty foods [43]. Although most studies focus on the association between single foods
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or nutrients and mental health, it is likely that combinations of foods and the associated
nutrients complement each other and have a synergistic effect on mental health status [44].

Further, results from the present study showed that smoking cigarettes was con-
sistently associated with increased odds of mental distress in both males and females.
Previous research suggested a bidirectional relationship between tobacco smoking and
mental distress [17]; however, a systematic review concluded that the literature on the
prospective associations between smoking, depression, and anxiety are inconsistent in
terms of the direction of the most strongly supported association [45]. A cohort study
among U.K. adults found no evidence to confirm an association between smoking and
reduced symptoms of anxiety and stress [46], and a Mendelian randomization analysis
of the Norwegian HUNT-study found no evidence of smoking leading to anxiety or de-
pression [47]. Nevertheless, various studies confirmed that individuals suffering from
depression and mental distress were more likely to be smokers as compared to those with-
out symptoms of depression or mental distress, and that smoking cessation was associated
with improved mental health [15,48,49]. Failure to quit smoking, on the other hand, has
been shown to generate anxiety problems [46]. It is commonly believed that individuals
smoke to self-medicate [45], and it is a matter of debate as to whether this theory is too
frequently used as a justification for not restraining cigarette smoking, even though nicotine
is not regarded as an appropriate therapy for any mental health problem [50].

The results from the present study also indicated an association between the use of
smokeless tobacco and an increased probability of mental distress; however, for males,
the association disappeared after adjustment for BMI, perceived financial difficulties, and
age. Although few previous studies examine the possible associations between the use of
smokeless tobacco and the prevalence of mental distress, a cross-sectional study among U.S.
adults confirmed an increased use of cigarettes and smokeless tobacco among individuals
with mental distress [19].

Unexpectedly, we did not identify an association between excessive alcohol con-
sumption and mental distress, as the significant association observed among females
disappeared after adjustment for BMI, perceived financial situation, and age. Evidence
from other studies, however, confirmed an association between high alcohol consumption
and the prevalence of mental distress among both genders [21,51,52]. A cross-sectional
study among Korean adults concluded that the risk of mental distress was associated
with the severity of alcohol-related problems and that the association appeared to be more
evident among females than males [53]. Similar to cigarette smoking, consumption of
alcohol has been identified as a common method of self-medication [54,55], and drinking
to self-medicate anxiety and alleviate mood symptoms has further been associated with an
increased risk of developing persistent alcohol dependence [56-58].

A limitation of the present study is its cross-sectional design, which precludes us from
making any inferences about causal relationships. Furthermore, our study relies on self-
reported measures. Thus, memory and recall biases and socially desirable responding may
have affected our results. Another weakness of the present study is the limited participation
rate, which must nevertheless be seen as acceptable compared to similar national and
international studies among adults. Finally, our study only provided information about
the association between the frequency of consumption of selected foods and beverages
and mental distress. However, as the prevalence of depression and anxiety is associated
with poor diet quality [59], we wanted to specifically focus on foods and beverages that
have been identified as contributing to this, including a low consumption of fruit, berries,
vegetables, and fish, and a high consumption of sugary beverages, which are the greatest
source of added sugar.

A strength of the present study was the large sample of participants randomly drawn
from a general population of adults. Moreover, we used validated and reliable tools
to measure mental distress (HSCL-5) and high alcohol consumption (AUDIT-C) [24,60].
Furthermore, our results were controlled for BMI and age, in addition to perceived fi-
nancial difficulties, which has been identified as a stronger and more robust predictor of
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mental distress compared to other commonly used objective measures of socioeconomic
status [61,62].

5. Conclusions

The results from the present study confirmed that low consumption of vegetables
and fish, and smoking was associated with increased odds of mental distress among both
males and females. Moreover, high consumption of sugar-sweetened beverages and the
use of smokeless tobacco were associated with increased odds of mental distress among
females, but not males. No significant association was shown between excessive alcohol
consumption and mental distress. Future longitudinal studies are needed to confirm a
possible causal relationship between various lifestyle behaviors and mental distress, which
may help practitioners to select appropriate interventions to prevent the development of
mental disorders.

Author Contributions: Conceptualization, T.H.S.; formal analysis, T.H.S.; methodology, TH.S., L.A.,
A.LK,; visualization, TH.S., L.A.; writing-original draft, T.H.S. and L.A. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Faculty Ethics Committee at the University of Agder.

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

Data Availability Statement: Restrictions apply to the availability of these data. Data was obtained
from Norwegian Institute of Public Health (NIPH) and are available at https://helsedata.no/en
(accessed on 27 April 2021) with the permission of NIPH.

Acknowledgments: We acknowledge the Norwegian Institute of Public Health and Agder County for
the collection of data, along with the inhabitants of Agder who contributed through their participation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Friedli, L. Mental Health, Resilience and Inequalities. 2009. Available online: https://www.euro.who.int/__data/assets/pdf_
file/0012/100821/E92227 pdf (accessed on 5 August 2021).

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

3.  OECD; European Union. Health at a Glance: Europe 2018: State of Health in the EU Cycle; OECD Publishing: Paris, France;
European Union: Brussels, Belgium, 2018; Available online: https://dx.doi.org/10.1787 /health_glance_eur-2018-en (accessed on
5 August 2021).

4. OECD. A New Benchmark for Mental Health Systems: Tackling the Social and Economic Costs of Mental Ill-Health; OECD Health Policy
Studies, OECD Publishing: Paris, France, 2021; Available online: https://www.oecd.org/health/a-new-benchmark-for-mental-
health-systems-4ed890f6-en.htm (accessed on 5 August 2021).

5. Payton, A.R. Mental health, mental illness, and psychological distress: Same continuum or distinct phenomena? . Health Soc.
Behav. 2009, 50, 213-227. [CrossRef]

6.  Bremner, ].D.; Moazzami, K.; Wittbrodt, M.T.; Nye, ]J.A.; Lima, B.B.; Gillespie, C.F,; Rapaport, M.H.; Pearce, B.D.; Shah, AJ;
Vaccarino, V. Diet, Stress and Mental Health. Nutrients 2020, 12, 2428. [CrossRef]

7. Elstgeest, L.E.M.; Visser, M.; Penninx, B.; Colpo, M.; Bandinelli, S.; Brouwer, I.A. Bidirectional associations between food groups
and depressive symptoms: Longitudinal findings from the Invecchiare in Chianti InCHIANTI) study. Br. J. Nutr. 2019, 121,
439-450. [CrossRef] [PubMed]

8.  Davison, K.M.; Gondara, L.; Kaplan, B.J. Food Insecurity, Poor Diet Quality, and Suboptimal Intakes of Folate and Iron Are
Independently Associated with Perceived Mental Health in Canadian Adults. Nutrients 2017, 9, 274. [CrossRef] [PubMed]

9. Schweren, L.]J.S.; Larsson, H.; Vinke, P.C.; Li, L.; Kvalvik, L.G.; Arias-Vasquez, A.; Haavik, J.; Hartman, C.A. Diet quality, stress
and common mental health problems: A cohort study of 121,008 adults. Clin. Nutr. 2021, 40, 901-906. [CrossRef] [PubMed]

10. Parletta, N.; Zarnowiecki, D.; Cho, J.; Wilson, A.; Bogomolova, S.; Villani, A.; Itsiopoulos, C.; Niyonsenga, T.; Blunden, S.; Meyer,

B.; et al. A Mediterranean-style dietary intervention supplemented with fish oil improves diet quality and mental health in
people with depression: A randomized controlled trial (HELFIMED). Nutr. Neurosci. 2019, 22, 474-487. [CrossRef]


https://helsedata.no/en
https://www.euro.who.int/__data/assets/pdf_file/0012/100821/E92227.pdf
https://www.euro.who.int/__data/assets/pdf_file/0012/100821/E92227.pdf
http://doi.org/10.1016/S0140-6736(13)61611-6
https://dx.doi.org/10.1787/health_glance_eur-2018-en
https://www.oecd.org/health/a-new-benchmark-for-mental-health-systems-4ed890f6-en.htm
https://www.oecd.org/health/a-new-benchmark-for-mental-health-systems-4ed890f6-en.htm
http://doi.org/10.1177/002214650905000207
http://doi.org/10.3390/nu12082428
http://doi.org/10.1017/S0007114518003203
http://www.ncbi.nlm.nih.gov/pubmed/30588894
http://doi.org/10.3390/nu9030274
http://www.ncbi.nlm.nih.gov/pubmed/28335418
http://doi.org/10.1016/j.clnu.2020.06.016
http://www.ncbi.nlm.nih.gov/pubmed/32654840
http://doi.org/10.1080/1028415X.2017.1411320

Int. J. Environ. Res. Public Health 2021, 18, 9731 11 of 13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lai, J.S.; Hiles, S.; Bisquera, A.; Hure, A.].; McEvoy, M.; Attia, J. A systematic review and meta-analysis of dietary patterns and
depression in community-dwelling adults. Am. J. Clin. Nutr. 2014, 99, 181-197. [CrossRef]

Hu, D.; Cheng, L.; Jiang, W. Sugar-sweetened beverages consumption and the risk of depression: A meta-analysis of observational
studies. J. Affect. Disord. 2019, 245, 348-355. [CrossRef]

Plurphanswat, N.; Kaestner, R.; Rodu, B. The Effect of Smoking on Mental Health. Am. |. Health Behav. 2017, 41, 471-483.
[CrossRef]

Brose, L.S.; Brown, J.; Robson, D.; McNeill, A. Mental health, smoking, harm reduction and quit attempts—A population survey
in England. BMC Public Health 2020, 20, 1237. [CrossRef] [PubMed]

Conway, K.P.,; Green, V.R,; Kasza, K.A.; Silveira, M.L.; Borek, N.; Kimmel, H.L.; Sargent, ].D.; Stanton, C.; Lambert, E.; Hilmi,
N.; et al. Co-occurrence of tobacco product use, substance use, and mental health problems among adults: Findings from Wave
1 (2013-2014) of the Population Assessment of Tobacco and Health (PATH) Study. Drug Alcohol Depend. 2017, 177, 104-111.
[CrossRef] [PubMed]

Leung, J.; Gartner, C.; Hall, W.; Lucke, J.; Dobson, A. A longitudinal study of the bi-directional relationship between tobacco
smoking and psychological distress in a community sample of young Australian women. Psychol. Med. 2012, 42, 1273-1282.
[CrossRef]

Siddiqi, K.; Husain, S.; Vidyasagaran, A.; Readshaw, A.; Mishu, M.P,; Sheikh, A. Global burden of disease due to smokeless
tobacco consumption in adults: An updated analysis of data from 127 countries. BMC Med. 2020, 18, 222. [CrossRef]

Hrywna, M.; Bover Manderski, M.T.; Delnevo, C.D. Sex differences in the association of psychological distress and tobacco use.
Am. ]. Health Behav. 2014, 38, 570-576. [CrossRef] [PubMed]

McBride, O.; Cheng, H.G,; Slade, T.; Lynskey, M.T. The Role of Specific Alcohol-Related Problems in Predicting Depressive
Experiences in a Cross-Sectional National Household Survey. Alcohol Alcohol. 2016, 51, 655-663. [CrossRef]

Awaworyi Churchill, S.; Farrell, L. Alcohol and depression: Evidence from the 2014 health survey for England. Drug Alcohol
Depend. 2017, 180, 86-92. [CrossRef]

WHO. Global Status Report on Alcohol and Health 2018; World Health Organization: Geneva, Switzerland, 2018; Available online:
https:/ /www.who.int/publications/i/item /9789241565639 (accessed on 5 August 2021).

Bell, S.; Britton, A. An exploration of the dynamic longitudinal relationship between mental health and alcohol consumption: A
prospective cohort study. BMC Med. 2014, 12, 91. [CrossRef]

Hesbacher, P.T; Rickels, K.; Morris, R.; Newman, H.; Rosenfeld, H. Psychiatric illness in family practice. J. Clin. Psychiatry 1980,
41, 6-10.

Schmalbach, B.; Zenger, M.; Tibubos, A.N.; Kliem, S.; Petrowski, K.; Brahler, E. Psychometric Properties of Two Brief Versions of
the Hopkins Symptom Checklist: HSCL-5 and HSCL-10. Assessment 2021, 28, 617-631. [CrossRef]

Strand, B.H.; Dalgard, O.S.; Tambs, K.; Rognerud, M. Measuring the mental health status of the Norwegian population: A
comparison of the instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nord. ]. Psychiatry 2003, 57, 113-118. [CrossRef]
Babor, T.F.; Higgins-Biddle, J.C. Alcohol Use Disorders Identification Test: Guidelines for Use in Primary Care, 2nd ed.; World Health
Organization: Geneva, Switzerland, 2001.

Nordqvist, C.; Johansson, K.; Bendtsen, P. Routine screening for risky alcohol consumption at an emergency department using
the AUDIT-C questionnaire. Drug Alcohol Depend. 2004, 74, 71-75. [CrossRef]

Moehring, A.; Rumpf, H.-].; Hapke, U.; Bischof, G.; John, U.; Meyer, C. Diagnostic performance of the alcohol use disorders
identification test (AUDIT) in detecting DSM-5 alcohol use disorders in the general population. Drug Alcohol Depend. 2019,
204, 107530. [CrossRef]

Reinert, D.E,; Allen, J.P. The alcohol use disorders identification test: An update of research findings. Alcohol. Clin. Exp. Res. 2007,
31, 185-199. [CrossRef] [PubMed]

Glabska, D.; Guzek, D.; Groele, B.; Gutkowska, K. Fruit and Vegetable Intake and Mental Health in Adults: A Systematic Review.
Nutrients 2020, 12, 115. [CrossRef] [PubMed]

Dharmayani, PN.A.; Juergens, M.; Allman-Farinelli, M.; Mihrshahi, S. Association between Fruit and Vegetable Consumption
and Depression Symptoms in Young People and Adults Aged 15-45: A Systematic Review of Cohort Studies. Int. |. Environ. Res.
Public Health 2021, 18, 780. [CrossRef]

Bayes, J.; Schloss, J.; Sibbritt, D. Effects of Polyphenols in a Mediterranean Diet on Symptoms of Depression: A Systematic
Literature Review. Adv. Nutr. 2020, 11, 602-615. [CrossRef]

Rink, S.M.; Mendola, P., Mumford, S.L.; Poudrier, ].K.; Browne, R.W.; Wactawski-Wende, J.; Perkins, N.]J.; Schisterman, F.
Self-report of fruit and vegetable intake that meets the 5 a day recommendation is associated with reduced levels of oxidative
stress biomarkers and increased levels of antioxidant defense in premenopausal women. J. Acad. Nutr. Diet. 2013, 113, 776-785.
[CrossRef]

Adjibade, M.; Andreeva, V.A.; Lemogne, C.; Touvier, M.; Shivappa, N.; Hébert, ].R.; Wirth, M.D.; Hercberg, S.; Galan, P,; Julia, C.;
et al. The Inflammatory Potential of the Diet Is Associated with Depressive Symptoms in Different Subgroups of the General
Population. J. Nutr. 2017, 147, 879-887. [CrossRef] [PubMed]

Lassale, C.; Batty, G.D.; Baghdadli, A.; Jacka, F.; Sanchez-Villegas, A.; Kivimé&ki, M.; Akbaraly, T. Healthy dietary indices and
risk of depressive outcomes: A systematic review and meta-analysis of observational studies. Mol. Psychiatry 2019, 24, 965-986.
[CrossRef] [PubMed]


http://doi.org/10.3945/ajcn.113.069880
http://doi.org/10.1016/j.jad.2018.11.015
http://doi.org/10.5993/AJHB.41.4.12
http://doi.org/10.1186/s12889-020-09308-x
http://www.ncbi.nlm.nih.gov/pubmed/32795286
http://doi.org/10.1016/j.drugalcdep.2017.03.032
http://www.ncbi.nlm.nih.gov/pubmed/28582698
http://doi.org/10.1017/S0033291711002261
http://doi.org/10.1186/s12916-020-01677-9
http://doi.org/10.5993/AJHB.38.4.10
http://www.ncbi.nlm.nih.gov/pubmed/24636119
http://doi.org/10.1093/alcalc/agw010
http://doi.org/10.1016/j.drugalcdep.2017.08.006
https://www.who.int/publications/i/item/9789241565639
http://doi.org/10.1186/1741-7015-12-91
http://doi.org/10.1177/1073191119860910
http://doi.org/10.1080/08039480310000932
http://doi.org/10.1016/j.drugalcdep.2003.11.010
http://doi.org/10.1016/j.drugalcdep.2019.06.032
http://doi.org/10.1111/j.1530-0277.2006.00295.x
http://www.ncbi.nlm.nih.gov/pubmed/17250609
http://doi.org/10.3390/nu12010115
http://www.ncbi.nlm.nih.gov/pubmed/31906271
http://doi.org/10.3390/ijerph18020780
http://doi.org/10.1093/advances/nmz117
http://doi.org/10.1016/j.jand.2013.01.019
http://doi.org/10.3945/jn.116.245167
http://www.ncbi.nlm.nih.gov/pubmed/28356432
http://doi.org/10.1038/s41380-018-0237-8
http://www.ncbi.nlm.nih.gov/pubmed/30254236

Int. J. Environ. Res. Public Health 2021, 18, 9731 12 of 13

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Ljungberg, T.; Bondza, E.; Lethin, C. Evidence of the Importance of Dietary Habits Regarding Depressive Symptoms and
Depression. Int. . Environ. Res. Public Health 2020, 17, 1616. [CrossRef]

Grosso, G.; Micek, A.; Marventano, S.; Castellano, S.; Mistretta, A.; Pajak, A.; Galvano, F. Dietary n-3 PUFA, fish consumption
and depression: A systematic review and meta-analysis of observational studies. J. Affect. Disord. 2016, 205, 269-281. [CrossRef]
[PubMed]

Li, F; Liu, X.; Zhang, D. Fish consumption and risk of depression: A meta-analysis. . Epidemiol. Community Health 2016, 70,
299-304. [CrossRef]

Sanchez-Villegas, A.; Alvarez-Pérez, J.; Toledo, E.; Salas-Salvadd, J.; Ortega-Azorin, C.; Zomerfio, M.D.; Vioque, J.; Martinez,
J.A.; Romaguera, D.; Pérez-Lopez, |.; et al. Seafood Consumption, Omega-3 Fatty Acids Intake, and Life-Time Prevalence of
Depression in the PREDIMED-Plus Trial. Nutrients 2018, 10, 2000. [CrossRef]

Polokowski, A.R.; Shakil, H.; Carmichael, C.L.; Reigada, L.C. Omega-3 fatty acids and anxiety: A systematic review of the
possible mechanisms at play. Nutr. Neurosci. 2020, 23, 494-504. [CrossRef]

Shi, Z.; Taylor, A.W.; Wittert, G.; Goldney, R.; Gill, T.K. Soft drink consumption and mental health problems among adults in
Australia. Public Health Nutr. 2010, 13, 1073-1079. [CrossRef] [PubMed]

Kntippel, A.; Shipley, M.].; Llewellyn, C.H.; Brunner, E.J. Sugar intake from sweet food and beverages, common mental disorder
and depression: Prospective findings from the Whitehall II study. Sci. Rep. 2017, 7, 6287. [CrossRef]

Aguiar-Bloemer, A.C.; Diez-Garcia, R.W. Influence of emotions evoked by life events on food choice. Eat. Weight Disord. 2018, 23,
45-53. [CrossRef]

Parletta, N.; Milte, C.M.; Meyer, B.]. Nutritional modulation of cognitive function and mental health. J. Nutr. Biochem. 2013, 24,
725-743. [CrossRef]

Fluharty, M.; Taylor, A.E.; Grabski, M.; Munafo, M.R. The Association of Cigarette Smoking with Depression and Anxiety: A
Systematic Review. Nicotine Tob. Res. 2017, 19, 3-13. [CrossRef] [PubMed]

McDermott, M.S.; Marteau, T.M.; Hollands, G.].; Hankins, M.; Aveyard, P. Change in anxiety following successful and unsuccessful
attempts at smoking cessation: Cohort study. Br. J. Psychiatry 2013, 202, 62—67. [CrossRef]

Bjerngaard, ].H.; Gunnell, D.; Elvestad, M.B.; Davey Smith, G.; Skorpen, F.; Krokan, H.; Vatten, L.; Romundstad, P. The causal role
of smoking in anxiety and depression: A Mendelian randomization analysis of the HUNT study. Psychol. Med. 2013, 43, 711-719.
[CrossRef]

Weinberger, A.H.; Kashan, R.S.; Shpigel, D.M.; Esan, H.; Taha, F,; Lee, C.]J.; Funk, A.P.; Goodwin, R.D. Depression and cigarette
smoking behavior: A critical review of population-based studies. Am. J. Drug Alcohol Abuse 2017, 43, 416—431. [CrossRef]
[PubMed]

Taylor, G.M.; Lindson, N.; Farley, A.; Leinberger-Jabari, A.; Sawyer, K.; Te Water Naudé, R.; Theodoulou, A.; King, N.; Burke, C.;
Aveyard, P. Smoking cessation for improving mental health. Cochrane Database Syst. Rev. 2021, 3, CD013522. [CrossRef]
Ziedonis, D.; Hitsman, B.; Beckham, J.C.; Zvolensky, M.; Adler, L.E.; Audrain-McGovern, J.; Breslau, N.; Brown, R.A.; George,
T.P; Williams, J.; et al. Tobacco use and cessation in psychiatric disorders: National Institute of Mental Health report. Nicotine Tob.
Res. 2008, 10, 1691-1715. [CrossRef]

Gémes, K,; Forsell, Y.; Janszky, I; Laszl6, K.D.; Lundin, A.; Ponce De Leon, A.; Mukamal, K.J.; Moller, ]J. Moderate alcohol
consumption and depression—A longitudinal population-based study in Sweden. Acta Psychiatr. Scand. 2019, 139, 526-535.
[CrossRef] [PubMed]

Keyes, KM.; Allel, K.; Staudinger, U.M.; Ornstein, K.A.; Calvo, E. Alcohol consumption predicts incidence of depressive episodes
across 10 years among older adults in 19 countries. Int. Rev. Neurobiol. 2019, 148, 1-38. [PubMed]

Jeong, ].E.; Joo, S.H.; Hahn, C; Kim, D.J.; Kim, T.S. Gender-Specific Association between Alcohol Consumption and Stress
Perception, Depressed Mood, and Suicidal Ideation: The 2010-2015 KNHANES. Psychiatry Investig. 2019, 16, 386-396. [CrossRef]
Swendsen, ].D.; Tennen, H.; Carney, M.A.; Affleck, G.; Willard, A.; Hromi, A. Mood and alcohol consumption: An experience
sampling test of the self-medication hypothesis. J. Abnorm. Psychol. 2000, 109, 198-204. [CrossRef]

Herman, A.M.; Duka, T. Facets of impulsivity and alcohol use: What role do emotions play? Neurosci. Biobehav. Rev. 2019, 106,
202-216. [CrossRef] [PubMed]

Crum, R.M.; La Flair, L.; Storr, C.L.; Green, K.M.; Stuart, E.A.; Alvanzo, A.A.; Lazareck, S.; Bolton, ].M.; Robinson, J.; Sareen, J.;
et al. Reports of drinking to self-medicate anxiety symptoms: Longitudinal assessment for subgroups of individuals with alcohol
dependence. Depress. Anxiety 2013, 30, 174-183. [CrossRef]

Crum, RM.; Mojtabai, R.; Lazareck, S.; Bolton, ].M.; Robinson, J.; Sareen, J.; Green, K.M.; Stuart, E.A.; La Flair, L.; Alvanzo, A.A.H;
et al. A prospective assessment of reports of drinking to self-medicate mood symptoms with the incidence and persistence of
alcohol dependence. JAMA Psychiatry 2013, 70, 718-726. [CrossRef] [PubMed]

Robinson, J.; Sareen, J.; Cox, B.J.; Bolton, ].M. Role of Self-medication in the Development of Comorbid Anxiety and Substance
Use Disorders: A Longitudinal Investigation. Arch. Gen. Psychiatry 2011, 68, 800-807. [CrossRef]

Gibson-Smith, D.; Bot, M.; Brouwer, I.A.; Visser, M.; Penninx, B.W.J.H. Diet quality in persons with and without depressive and
anxiety disorders. J. Psychiatr. Res. 2018, 106, 1-7. [CrossRef] [PubMed]

Campbell, C.E.; Maisto, S.A. Validity of the AUDIT-C screen for at-risk drinking among students utilizing university primary
care. |. Am. Coll. Health 2018, 66, 774-782. [CrossRef] [PubMed]


http://doi.org/10.3390/ijerph17051616
http://doi.org/10.1016/j.jad.2016.08.011
http://www.ncbi.nlm.nih.gov/pubmed/27544316
http://doi.org/10.1136/jech-2015-206278
http://doi.org/10.3390/nu10122000
http://doi.org/10.1080/1028415X.2018.1525092
http://doi.org/10.1017/S1368980009993132
http://www.ncbi.nlm.nih.gov/pubmed/20074392
http://doi.org/10.1038/s41598-017-05649-7
http://doi.org/10.1007/s40519-017-0468-8
http://doi.org/10.1016/j.jnutbio.2013.01.002
http://doi.org/10.1093/ntr/ntw140
http://www.ncbi.nlm.nih.gov/pubmed/27199385
http://doi.org/10.1192/bjp.bp.112.114389
http://doi.org/10.1017/S0033291712001274
http://doi.org/10.3109/00952990.2016.1171327
http://www.ncbi.nlm.nih.gov/pubmed/27286288
http://doi.org/10.1002/14651858.CD013522
http://doi.org/10.1080/14622200802443569
http://doi.org/10.1111/acps.13034
http://www.ncbi.nlm.nih.gov/pubmed/30980542
http://www.ncbi.nlm.nih.gov/pubmed/31733662
http://doi.org/10.30773/pi.2019.02.28
http://doi.org/10.1037/0021-843X.109.2.198
http://doi.org/10.1016/j.neubiorev.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/30343823
http://doi.org/10.1002/da.22024
http://doi.org/10.1001/jamapsychiatry.2013.1098
http://www.ncbi.nlm.nih.gov/pubmed/23636710
http://doi.org/10.1001/archgenpsychiatry.2011.75
http://doi.org/10.1016/j.jpsychires.2018.09.006
http://www.ncbi.nlm.nih.gov/pubmed/30240962
http://doi.org/10.1080/07448481.2018.1453514
http://www.ncbi.nlm.nih.gov/pubmed/29565778

Int. J. Environ. Res. Public Health 2021, 18, 9731 13 of 13

61. Marum, G.; Clench-Aas, J.; Nes, R.B.; Raanaas, R.K. The relationship between negative life events, psychological distress and life
satisfaction: A population-based study. Qual. Life Res. 2014, 23, 601-611. [CrossRef] [PubMed]

62. Wilkinson, L.R. Financial Strain and Mental Health Among Older Adults During the Great Recession. J. Gerontol. B Psychol. Sci.
Soc. Sci. 2016, 71, 745-754. [CrossRef] [PubMed]


http://doi.org/10.1007/s11136-013-0512-8
http://www.ncbi.nlm.nih.gov/pubmed/24026629
http://doi.org/10.1093/geronb/gbw001
http://www.ncbi.nlm.nih.gov/pubmed/26843395

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

