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Chapter 8

Aim of the thesis and research questions

The overall aim of this thesis is to identify dietary patterns that may be related 
to depressive symptoms and test these associations in different populations, 
including ethnic minorities, living in Europe. Furthermore, this thesis explores 
several underlying mechanisms of depressive symptoms that may be influenced 
by diet. These aims will be addressed in three objectives:

1. To investigate the relationship of ‘healthy’ dietary patterns with depressive 
symptoms. Is this association consistent in different populations and ethnic groups? 
(Chapters 2 and 3)

2. To study the relationship of ‘unhealthy’ dietary patterns with depressive 
symptoms. Is this association consistent in different populations and ethnic groups? 
(Chapters 4 and 5)

3. To explore the underlying mechanisms for the relationship between dietary 
patterns and depressive symptoms (Chapter 6 and 7)

This chapter addresses an interpretation of the main findings of the abovementioned 
objectives, a discussion of methodology, recommendations for future research, 
implications for public health nutrition and an overall conclusion. 

Interpretation of the main findings

1. To investigate the relationship of ‘healthy’ dietary patterns with depressive 
symptoms. Is this association consistent in different populations and ethnic 
groups?
A ‘healthy’ dietary pattern including plenty of vegetables, olive oil, grains, fruit, 
fish, legumes, dairy products and moderate in red meat was associated with 
lower depressive symptoms in different populations. Although, the association 
fluctuated across ethnic groups in the Dutch study.

We observed an inverse association between a ‘healthy’ dietary pattern and 
depressive symptoms in the Italian study, whereas no association was observed 
for the Dutch origin people in the Dutch study. These inconsistent findings may be 
explained by that reduced rank regression is partly data-driven and reflects the 
actual dietary intake of the population under study. Hereby differences in dietary 
intake are captured across populations which in turn might better enable us to test 
the consistency of the diet-depressive symptoms association. More specifically, 
Italians generally consume a more ‘healthy’ dietary pattern compared to the 



167

 

8

Dutch origin population. This was reflected by, besides commonly eaten foods in 
the ‘healthy’ dietary patterns derived in both populations, important differences 
in foods and nutrients that were characteristic for the identified dietary pattern of 
Italians. For example, the Italian population revealed significantly higher absolute 
intakes (in g/d) of vegetables, fruit and olive oil and significantly lower intakes 
of sugar-sweetened beverages, dairy products and fast foods. Moreover, they 
had significantly higher intakes of all nutrients (EPA+DHA, folate, magnesium 
and zinc) used as response variables in both studies compared to the Dutch. 
Another possible explanation could be that there was a difference in the amount 
of variation within studies, which gives more opportunities to distinguish between 
the intake within populations. However, we observed a lower variation in the 
abovementioned food groups and nutrients in the Italian study compared to the 
Dutch study.

Similarly, the inconsistencies in the diet-depressive symptoms relationship across 
ethnic groups may be explained by differences in dietary intake, which is captured 
by applying RRR. We observed that South-Asian Surinamese and the Moroccans 
consume a more ‘healthy’ dietary pattern with higher intakes of fish, fruit and 
olive oil compared to the groups in which we did not find an association (Dutch, 
Turkish and African Surinamese). Also, we did not find large differences in the 
variation of dietary intake (the most important food groups and nutrients) within 
ethnic groups, hereby indicating that variation in diet did not explain the different 
findings.

We observed that the influence of energy intake differed across studies. Energy 
intake did not explain the diet-depressive symptoms relationship in the Dutch 
study, whereas in the Italian study adjusting for energy intake strengthened the 
association between a ‘typical Tuscan’ dietary pattern and depressive symptoms. 
A possible explanation for the stronger association after adjustment for energy 
intake in the Italian study might be due to age. It could be that older adults more 
frequently suffer from the subtype melancholic depressive symptoms, which is 
characterised by amongst others loss of appetite and weight which is caused 
by lower energy intake. This hypothesis was strengthened by the fact that having 
depressive symptoms was accompanied by lower energy intake compared to 
people without depressive symptoms in the Italian study, independent of being 
chronically ill.
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2. To study the relationship of ‘unhealthy’ dietary patterns with depressive 
symptoms. Is this association consistent in different populations and ethnic 
groups?
Consumption of an ‘unhealthy’ dietary pattern high in sugary and fatty foods 
was not consistently associated with higher depressive symptoms across different 
populations. We did observe a consistent positive association between an 
‘unhealthy’ dietary pattern, with high intakes of sugary and fatty foods, and 
depressive symptoms across ethnic groups. No evidence was found for a 
relationship between a ‘high-sugar’ dietary pattern and depressive symptoms 
across countries, nor across ethnic groups.

We found that a ‘combined high-sugar and high-saturated fat’ dietary pattern 
was positively associated with depressive symptoms in the Dutch study. Due to 
the cross-sectional nature of this study and because there are indications that 
the diet-depressive symptoms relationship is bi-directional, we aimed to get 
more insight into the underlying causality using a prospective study design. We 
investigated this in a cohort study among men and women living in the UK. In 
that study, and consistent with the Dutch study, we found evidence for a cross-
sectional association between a ‘combined high-sugar and high-saturated fat’ 
dietary pattern and depressive symptoms. However, when investigating this 
dietary pattern in relation to the onset of depressive symptoms 5 years later, no 
association was found. A possible explanation for these inconsistencies could be 
reverse causality: it may be that depressive symptoms cause ‘unhealthy’ eating 
as people who are depressed might eat more sugary and fatty foods and not the 
other way around. If so, this could explain why we failed to observe a prospective 
association with incident depressive symptoms in the UK. This might suggest that 
also the cross-sectional association between the ‘combined high-sugar and high-
saturated fat’ dietary pattern and depressive symptoms that we found in the Dutch 
study may not reflect a causal effect.

Evidence was consistent across countries and ethnic groups for a ‘high-sugar’ 
dietary pattern as no association was observed between this dietary pattern 
and depressive symptoms in either country nor in any ethnic group. These results 
are in contrast with a previous study, performed in the same UK population, 
that investigated sugar intake by studying sweet foods/beverages. However, 
Knüppel et al. did not take into account the overall dietary pattern which could 
have influenced the association (1). After additional adjustment for ‘healthy’ 
dietary index score (Dietary Approaches to Stop Hypertension), tea, coffee 
and fish, the initial positive association between sugar intake and depressive 
symptoms attenuated. This may indicate that the association between sugar intake 
and depressive symptoms was explained by other dietary factors.
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3. To explore the underlying mechanisms for the relationship between dietary 
patterns and depressive symptoms.
We investigated two potential underlying mechanisms (inflammation and body 
mass index (BMI)) that may mediate the relationship between ‘unhealthy’ dietary 
patterns and depressive symptoms. Inflammation as well as BMI neither seemed 
to be an underlying mechanism for this relationship in older adults nor in different 
ethnic groups.

Contrary to our expectations, an energy-adjusted dietary pattern strongly related 
to elevated inflammatory markers and high in pasta, sugar-sweetened beverages, 
processed meat, chocolates and sweets, sauce and other alcoholic beverages, 
was associated with lower depressive symptoms in Italian older adults. This 
unexpected finding may reflect the fact that in this specific population, consuming 
adequate dietary energy seems more important than the ‘unhealthy’ aspects of 
the diet per se. More specifically, older adults with depressive symptoms were 
observed to have lower energy intakes compared to older adults with no/lower 
depressive symptoms in this study. This is supported by our results of chapter two, 
performed in the same population, where we observed that the initial inverse 
association between a ‘healthy’ dietary pattern and depressive symptoms 
became stronger after adjusting for energy intake. Another possible explanation 
for the observed inverse association between this ‘inflammatory’ dietary pattern 
and depressive symptoms is that dietary patterns cannot be considered in 
isolation of social and cultural environment. In the case of this population, the 
social context around eating meals together is an important part of their culture. 
For example, some foods of the abovementioned dietary pattern are important 
components of a varied meal that is traditionally consumed in Italy, with anti-pasti 
dishes (containing processed meat) as starter, followed by pasta with sauce and 
meat and a glass of wine on the side. Consumption of such a dietary pattern may 
be more indicative of more active participation in social and cultural activities, 
which are presumably also associated with lower depression risk. This hypothesis 
is supported by two cross-sectional studies that observed that eating alone was 
associated with higher depressive symptoms (2, 3) and lower food diversity (2) 
in older adults compared to people eating together.

We also examined the mediating role of BMI in the association between dietary 
patterns and depressive symptoms. More specifically, the positive association 
between a ‘combined high-sugar and high-saturated fat’ dietary pattern and 
depressive symptoms that was observed in our previous study (chapter 3), was 
not mediated by BMI and this finding was consistent across ethnic groups. This is in 
contrast to our expectations as one could argue that people frequently consuming 
a ‘combined high-sugar and high-saturated fat’ dietary pattern generally have a 
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higher BMI, which in turn is associated with higher depressive symptoms. Overall, 
these results imply that BMI is not an underlying mechanism for the relationship 
between dietary patterns and depressive symptoms in a multi-ethnic population. 
But, due to the cross-sectional design, these results need to be interpreted with 
caution.

Discussion of methodology

Generalisability of the results
The studies described in this thesis were based on data from the Netherlands, Italy 
and the UK. All studies have very different population characteristics concerning 
age, culture, educational level and ethnic background. The Italian population is a 
modest group of older adults living in a small village and town in the North of Italy 
and is a very specific group to which other recommendations may apply taking 
into account their age. The UK population is an urban-based, highly educated 
population with an above average social economic status, which could influence 
their lifestyle (including diet) choices and prevalence of depressive symptoms. 
Finally, in the Dutch study, data from different ethnic groups were collected in 
Amsterdam, which could indicate that study findings may not be applicable to the 
same ethnic groups living elsewhere. Despite the possible difficulty of generalising 
our findings, the heterogeneity in population characteristics may also be seen as 
an advantage because we were able to investigate the link between ‘(un)healthy’ 
dietary pattern across different age groups, residing in different countries with 
different ethnic backgrounds. Hereby we got insight into whether the relationship 
between diet and depressive symptoms is consistent across these characteristics. 
As we found no consistent results across countries and ethnic groups for the ‘(un)
healthy’ dietary patterns, caution is needed in generalising the observed results 
of this thesis.

Cross-sectional design
The findings of the Dutch study were based on cross-sectional data implying 
that no causal inferences can be made between diet and depressive symptoms. 
Moreover, reverse causality could occur which is likely the case for our findings 
in chapter 4. Also, the results from chapter 7 should be interpreted with caution, 
as it is difficult to draw firm conclusions from mediation analyses based on cross-
sectional data. Longitudinal data would give more insight into whether BMI is a 
mediator in the diet-depressive symptoms relationship. Despite these limitations, 
the multi-ethnic population of the Dutch study gave us the opportunity to study 
whether the relationship between diet and depressive symptoms is consistent 
across ethnic groups. For this aim, the cross-sectional design is less likely to bias 
the outcome of our study as we are interested in differences between persons and 
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not within persons.

Self-reported depressive symptoms
All included studies used self-reported questionnaires to measure depressive 
symptoms as no data were available on a clinical diagnosis of depression. 
However, the application of these self-reported questionnaires gave us the 
opportunity to study depressive symptoms in more depth as we were able to 
examine depressive symptoms (using validated cut-off points) as well as the 
severity (using continuous scores). Despite that the questionnaires used (CES-D 
and the PHQ-9) are both well-recognised and validated questionnaires with 
sensitivity ranging from 0.77 to 0.89 (using cut-off points) in all populations (4, 5), 
there is still a 11-23% chance that cases of depressive symptoms go undetected. 
Hereby it may be that people with depressive symptoms are missed which could 
have attenuated our findings. To increase accuracy, we included the use of 
anti-depressant medication in the definition or we adjusted for anti-depressant 
medication in analyses.

Self-reported dietary intake
Within all studies, habitual dietary intake was measured using self-reported 
memory-based FFQs. It is well recognised that data from FFQs are subject to 
misreporting, depending on literacy, body weight status and type of food. More 
specifically, people tend to underreport ‘unhealthy’ foods like sweet snacks and 
fast foods and we observed in the Dutch study that energy intake decreased with 
increasing BMI, indicating that underreporting is indeed present. Consequently, 
the influence of energy intake may be attenuated which in turn could explain why 
in the Dutch study energy intake did not influence the association between ‘(un)
healthy’ dietary patterns and depressive symptoms. However, dietary data that is 
collected with FFQs is generally representative of habitual dietary intake in large 
sample sizes (6). Furthermore, all FFQs have been validated against biomarkers 
and/or another dietary assessment method and have shown acceptable (relative) 
validity (7-9). Hereby, It seems that the FFQs used are a feasible method for data 
collection in the epidemiological studies that we included in this thesis.

Dietary pattern methods
There are several ways to identify dietary patterns with each method having their 
strengths and limitations. The two most commonly used dietary pattern methods 
are a priori (pre-defined quality scores) and a posteriori (data-driven) methods 
and it depends on the research question which dietary pattern is best to use. 
We applied RRR to identify dietary patterns in all studies because we aimed 
to identify dietary patterns that were closely related to our outcome measure. 
By incorporating intermediate markers that may represent specific biological 
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pathways (in our case specific nutrients and inflammatory markers), we were able 
to examine specific hypotheses on the diet-depressive symptoms relationship that 
have not been tested before through dietary patterns.

Applying RRR does have the disadvantage that each individual receives an 
overall dietary pattern score and no information is available on how much of 
which foods one should consume. Therefore, it is difficult to translate the obtained 
dietary patterns into specific dietary recommendations. When applying an a 
priori dietary pattern score such as the Mediterranean diet score, this step can be 
made more easily, but the disadvantage of using a priori scores is that you only 
include a selection of pre-defined food groups, hereby important foods may be 
missed. Second, RRR is partly data-driven and due to the high variety in dietary 
intake across countries, it is difficult to compare dietary patterns with different 
food group compositions between populations, regardless of taking into account 
similar nutrients as response variables (chapter 2-3 and chapter 4-5).

Recommendations for future research 

Underlying mechanisms of the diet-depressive symptoms relationship
Further prospective studies are needed to disentangle the complex associations 
between diet, the course of depression and its underlying biological and 
behavioural mechanisms. Our findings indicate that inflammation does not 
influence depressive symptoms independently nor through dietary patterns. We 
were not able to investigate other potential biological underlying mechanisms 
in the same study such as oxidative stress, brain plasticity or the microbiota- 
and brain axis. Future studies are warranted that explore all these biological 
mechanisms to get insight into whether one or more biological mechanisms play 
a role in the relationship between diet and depressive symptoms.

Furthermore, it is advised to additionally investigate behavioural mechanisms 
because it is likely that depression is caused by a combination of biological, 
psychological and environmental factors (10, 11). To investigate the influence of 
the behavioural component, future studies may investigate whether meal patterns 
and eating styles, such as emotional eating and mindful eating, may influence the 
foods eaten and consequently play a role in relation to depressive symptoms (12).

Diet is part of an overall lifestyle and it is likely that people who adhere to a 
‘healthy’ dietary pattern are also more conscious concerning other lifestyle factors 
like physical activity, sleeping, smoking and alcohol consumption. Therefore, more 
insight is needed to disentangle these components and to test whether specific 
combinations of these lifestyle may be associated with lower depressive symptoms.
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Finally, prospective studies are needed to investigate the mediating effect of 
BMI in the relationship between diet and depressive symptoms. By incorporating 
several time points, more insight can be gained in whether BMI is truly a mediator.

Influence of early-life nutrition
Information is scarce on the link between diet and depressive symptoms in early 
life. Given the development of the brain and the increased depression prevalence 
during childhood and adolescence, the impact of diet on mental have may be 
particularly important in these age groups. Till now, two systematic reviews 
from cross-sectional studies found limited evidence for diet quality to influence 
depressive symptoms in adolescents and children. This limited evidence may be 
explained by that a longer period of time is needed for diet to influence depressive 
symptoms (13, 14). As the development of nutrition habits begins in early stages 
of life, studying diet in childhood and its relation on depressive symptoms during 
adolescence and adulthood may give more insight into the direction of the diet-
depression relationship and when the onset of depressive symptoms occurs. 

Measurement of depression
In addition to the self-reported questionnaire that measures depressive symptoms, 
future studies should include a clinical depression diagnosis as well. Hereby 
depression cases that may go undetected when only using a self-reported 
questionnaire, can be captured. It should be emphasized that it is important 
to maintain applying questionnaires as it gives important information on the 
severity of depressive symptoms and because it is not feasible to collect a clinical 
depression diagnosis in large populations. Therefore, both should be incorporated 
as their information complements each other. Finally, future studies are warranted 
that distinguish between subtype of clinical depression (melancholic depression 
or atypical depression) as it may be that different confounders and mediators are 
important depending on the subtype of depression as each subtype has different 
characteristics.

How to deal with energy intake
Energy intake is part and parcel of diet and reflects body size. Therefore energy 
intake is a crucial component in analysing dietary patterns and obesity in relation 
to depressive symptoms. There are several ways to correct for energy intake with 
the most commonly used methods being the standard multivariate method and the 
residual method proposed by Willett et al. (6). However, there is no consistency 
in which method to use as it is highly dependent on the research question and the 
outcome used. Therefore, studies are needed that explicitly examine the role of 
energy intake in specific research questions. Hereby, more insight may be gained 
in how to deal with energy intake in which situation.
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Causal inferences
Even though the evidence for diet to influence depression is steadily growing, 
prospective studies with repeated measures and a long follow-up period are 
needed as it may be that the process of diet to influence depression will take years. 
Hereby, chances are higher to capture the onset of depression. Furthermore, well-
designed randomized controlled trials with large sample-sizes are warranted 
as it is known that the diet-depressive symptoms relationship is bi-directional. 
Only then we can come a step closer to unravel this complex relationship and 
consequently, we may be able to draw firm conclusions which can be translated 
into specific dietary recommendations to target the prevention of depression.

Implications for public health nutrition

Based on this thesis, there is no consistent evidence for the relationship between 
dietary patterns and depressive symptoms. Therefore, no firm conclusions can be 
drawn and we are not able to formulate specific implications for public health 
nutrition from our results.

However, there are indications that consuming a nutrient-dense ‘healthy’ dietary 
pattern that is characterised by vegetables, olive oil, grains, fruit, fish, legumes, 
dairy products and moderate in red meat is associated with lower depressive 
symptoms and this is consistent across countries. The high levels nutrients that 
are present in this diet, such as omega-3 fatty acids and several vitamins and 
minerals, may lower inflammatory and oxidative stress levels in the body and 
maintain normal brain function, which in turn may decrease depressive symptoms.

Also, our findings reinforce the idea that it is impractical to distinguish the 
contribution of individual macronutrients to the association between ‘unhealthy’ 
dietary patterns and depressive symptoms because most foods, especially 
processed foods, are often high in sugar as well as in saturated fat (with the 
exception of sugar-sweetened beverages). Therefore, the focus should be on 
food groups, as part of overall dietary patterns, that are high in both.

Finally, due to the multi-causal nature of depressive symptoms and because the diet-
depressive symptoms relationship may be a reflection of lifestyle characteristics and 
environmental factors, it can be indicated that not only biological mechanisms underlie 
the diet-depressive symptoms relationship. Therefore, it is important to additionally 
take into account behavioural mechanisms and environmental factors as well.
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Conclusion

This thesis has contributed to the scientific basis of the relationship between ‘(un)
healthy’ dietary patterns and depressive symptoms in different countries with diversity 
in age, cultural- and ethnic background and to potential underlying mechanisms 
for the diet-depressive symptoms relationship. It has provided more insight into 
dietary patterns that are closely related to depressive symptoms in Italian older 
adults, in middle-aged UK residents and in a multi-ethnic population consisting of 
Dutch, South-Asian Surinamese, African Surinamese, Turkish and Moroccan ethnic 
groups. Due to the variety in the abovementioned characteristics, we were able to 
broadly examine and compare the diet-depressive symptoms relationship. From the 
studies described in this thesis we can draw the following conclusions:

1. We found evidence for the relationship between a ‘healthy’ dietary pattern 
that was high in vegetables, olive oil, grains, fruit, fish, legumes, dairy products and 
moderate in red meat and lower depressive symptoms for the whole population 
in Italian older adults and in a multi-ethnic population living in the Netherlands.

2. No consistent evidence was observed for the relationship between ‘unhealthy’ 
dietary patterns and depressive symptoms across countries and ethnic groups. 
These inconsistencies are likely to reflect methodological issues and it is unclear 
whether the findings reflect real differences in the association between ‘unhealthy’ 
dietary patterns and depressive symptoms.

3. We found no evidence for BMI and inflammation to be underlying mechanisms 
explaining the diet-depressive symptoms relationship. Since depression has a 
multi-factorial nature, it may be that other biological or behavioural mechanisms 
influence the association. This is supported by previous studies which indicate 
that oxidative stress, brain plasticity and the microbiota- and brain axis as other 
biological mechanisms, and emotional and mindful eating as behavioural 
mechanisms may underlie the association between diet and depressive symptoms. 
Besides, as we did not observe consistent results across populations and ethnicities, 
it may be that the association between diet and depressive symptoms is more a 
reflection of lifestyle characteristics and environmental factors.

4. We examined whether the relationship between diet and depressive symptoms 
was consistent across different populations and ethnicities. For this, we used self-
reported depressive symptoms and partly cross-sectional data. However, to investigate 
causal inferences, there is a need for more randomized controlled trials with long 
follow-up periods in different populations, that include depression diagnosis as well as 
the severity of the symptoms, to unravel the relationship between diet and depression.
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