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AIMS OF THIS THESIS 

The aim of this thesis was two-fold. First, we wanted to examine the link between body 

mass index (BMI) and depression: whether obesity and a higher BMI are associated with 

an increased risk of (the development) of depression, and whether depression is 

associated with subsequent weight change. Secondly, we examined the cross-sectional 

relationship between depression and dietary intake. We did this using data from three 

cohorts, the Netherlands study of depression and anxiety (NESDA), the Healthy Life in 

an Urban Setting (HELIUS) and the AGES-Reykjavik study. 

The current chapter will include a summary of the main findings from Chapters 2 to 7, a 

discussion of the results within the framework of existing literature, a discussion on 

methodological considerations, implications for clinical practice and suggestions for 

future research. 

Main Findings 

A summary of the main findings can be found in figure 1. 

AIM 1A) To establish whether obesity and higher BMI are associated with an increased 

depressed mood (cross-sectionally) and increased risk of developing depression 

(longitudinally). 

The three chapters (2-4) examining the association between obesity/higher BMI and 

clinical depression/depressed mood provide evidence that being obese or having a higher 

BMI is associated with depression. Cross-sectionally (chapter 2), both BMI and waist 

circumference revealed that the odds of having a depressed mood was 16% and 20% 

higher per standard deviation (SD) (corresponding to 5.3 kg/m2) higher in BMI or waist 

circumference, respectively. Additionally, having overweight or obesity, or a waist 

circumference measurement in the highest two quartiles was likewise associated with 

significantly higher odds of having a depressed mood. Correspondingly, when examined 

longitudinally (chapter 4), we found that, over a 6-year period, those with a BMI or waist 

circumference one SD higher had higher odds of developing a clinical depression 

diagnosis by 17% and 20% respectively, although obesity and a waist circumference 
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measurement in the highest quintiles were not significantly associated with the 

development of depression. However, over a 2-year period the association of BMI and 

the development of depression was weaker. Analysis of childhood (age 8y) overweight 

and obesity suggests that the relationship between unhealthy weight and the increased risk 

of lifetime depression starts during childhood (chapter 3). 

AIM 1B) To establish whether depression is associated with subsequent changes in weight 

The analysis detailed in chapter 5 found two main results. Firstly, persons with current 

MDD have a 67% higher odds of gaining more than 5% over their body weight over a 2-

year period than remaining stable in their weight, compared to controls. Secondly, 

persons with current depression also have a higher risk (27%) of losing at least 5% of 

their body weight than remaining weight stable compared to controls. This relationship 

remained after allowing for antidepressant use. 

AIM 2) To establish whether depression (and anxiety) disorders are related to dietary 

intake. 

Our analysis shows that depressive and/or anxiety disorders were significantly associated 

with poorer diet quality (chapter 6). Subsequent analysis showed that this was particularly 

true for those that had comorbid anxiety and depression. Further examination of clinical 

characteristics showed that both the chronicity (measured in % months with elevated 

depressive symptoms over a 9-year period) and the severity of the depression/anxiety 

disorder had a dose response relationship with diet quality, thus the more chronic/severe 

the disorder the poorer the quality of diet. When instead of a combined diet score, 

individual food groups that contribute to a healthy diet score were analysed, using food 

groups as the determinant (chapter 7), it appeared that increased consumption of non-

refined grains was associated with lower odds of having current depression/anxiety 

diagnosis and greater consumption of both non-refined grains and vegetables was related 

to lower depressive and anxiety symptoms. Higher overall energy intake was significantly 

associated with higher anxiety symptoms. The association between non-refined grains and 

depression/anxiety (diagnosis and symptoms) remained significant even when allowing 
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for the consumption of other food groups. However, as the combined diet score showed 

the strongest relationship with depression and anxiety (symptoms and diagnosis), we can 

conclude that it is the synergistic impact of the whole diet that has the greatest association 

with depression/anxiety. 

DISCUSSION OF THE MAIN FINDINGS 

BMI/obesity and risk of depression 

Our findings that BMI/obesity is bidirectionally associated with depression are confirmed 

by those of both cross-sectional and longitudinal meta-analyses.1–6 We also found 

evidence that being obese or overweight (but not BMI as a continuous measure) at a child 

age 8 is associated with an increased risk of having life time MDD, thus tentatively 

indicating that the obesity-depression association starts as early as childhood. This too is 

in line with the existing literature.7 

However, our results did raise some other issues. Firstly, as evidenced by our analysis 

using data from the Dutch HELIUS study and confirmed by studies in the United States 

of America, this relationship is not consistent across all ethnic groups. According to our 

results, only the native white Dutch population and the African Surinamese showed a 

significant relationship between being obese or having a waist circumference in the 

highest quartile and depressed mood. These ethnic differences were consistent for both 

genders and across all age groups. This leads us to the possibility that there may also be 

other categories of people for whom higher BMI is not necessarily related to depression. 

One possible distinguishing category by which persons could be subdivided would be 

gender. Two meta-analyses found that the obesity-depression relationship is stronger in 

women compared to men, however this was only observed in cross-sectional studies1,4,5. 

We found no differences between men and women in the two studies where data was 

sufficient to allow testing of interaction terms, which is in-line with a meta-analysis of 

longitudinal studies.5 Age is another possible factor which may influence whether obesity 

is associated with depression. A couple of studies found that BMI is more relevant to 

increased depression in a younger population.8,9, although this was not confirm this 
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within NESDA and HELIUS. This is perhaps also reflected in our finding that childhood 

overweight and obesity are a risk factor for MDD over a lifetime. However, according to 

our results being overweight or obese during childhood/early adolescence is not 

associated with depressive symptoms during late-life (±75 years). Possibly, other, more 

important factors contribute to depressive symptoms during late-life, for example chronic 

diseases, frailty, poor physical functioning and sleep disturbances.   

Secondly, our results showed that longitudinally, BMI and waist circumference were only 

related to the development of MDD over a 6-year period and not over a 2-year period. 

Not only was the association between obesity measures and MDD non-significant over 

the 2-year period but it was also a weaker relationship compared to over a 6-year period. 

(chapter 4). A previous meta-analysis has also noted that the association between BMI 

and depression is stronger for studies with a longer follow-up.7 Possibly, the duration of 

exposure to obesity is of relevance to the development of depression, or alternatively, a 

longer time period is needed to impact on a psychiatric diagnosis. 

Thirdly, although there is evidence that higher BMI and waist circumferences lead to the 

development of depression, we found no evidence that higher BMI and waist 

circumference is associated with the persistence of depression over either a 2 or 6-year 

period (chapter 4). This is contradictory to the only other study that examined consistent 

obesity and persistence of depression, although this study was performed in adolescents 

and not adults.10 This study concluded that the relationship between obesity and 

continuous depression was due to poor physical health. Possibly, BMI only plays a role in 

the development MDD and not in the persistence of MDD.  

Role of Lifestyle and Comorbidity 

All three of the papers investigating obesity measures and the risk of depression included 

adjustments for possible confounding variables. These were grouped into socio-

demographic variables (age, sex & education) and lifestyle variables (smoking behavior, 

alcohol use and physical activity). Two papers were also able to include chronic diseases. 

Potentially, lifestyle variables and comorbidities (chronic diseases) could lie on the causal 

General discussion

167



path between obesity and depression which would lead to an underestimation of the true 

association after adjustments. However, in both the cross-sectional analysis and 

longitudinal analysis these variables had little impact on the effect sizes, indicating that 

these factors are unlikely to be strong mechanisms. Other possible mechanisms such as 

immune-inflammatory activation, leptin resistance and microbiome alterations, body 

dissatisfaction and stigmatisation are discussed below. 

Depression and subsequent weight change 

We found that persons with MDD have a significantly greater odds of gaining or losing 

weight over a 2-year period compared to healthy controls. These findings are in line with 

those of other studies.11–15 All of these studies found that depression leads to weight gain, 

and three also found an association between depression and weight loss.11,13,14 Compared 

to these other studies we found stronger associations (odds ratios) between weight change 

and depression which is probably attributable to the fact that in a psychiatric cohort, on 

which these analyses were based, we included more severe cases of MDD.  

The association between depression and weight gain was still evident after a 6-year period, 

although not for weight loss. Given that the majority of patients with MDD recover 

within the 6-year period we could assume that weight loss is a short-term phenomenon 

associated with the acute phase of MDD. Weight gain however, persists, maybe due to 

the know difficulties in trying to lose weight. 

Not only did we find that depression leads to weight gain, but this appeared to be 

independent of antidepressant use. Various antidepressants have been associated with 

weight gain including tricyclic antidepressants (TCAs)16,17, some selective serotonin 

reuptake inhibitors18, mirtazapine16 and venlafaxine16. We did not find an association 

between TCA use and weight gain. More importantly, combining both antidepressant use 

and depression status into one model showed that being currently depressed remained 

significantly associated with both weight loss and weight gain, thereby suggesting that 

weight gain cannot be solely attributed to antidepressant use. Congruent with our results a 

meta-analysis examining body weight changes due to antidepressants concluded that most 
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antidepressants have transient and negligible effects on the body in the short term (4-12 

weeks).19 

Depression and Anxiety and dietary intake 

Our results showed that depression and/or anxiety disorders were significantly related to 

poorer diet quality. Most other cross-sectional studies look at the association between diet 

quality and depression, thus in the other direction. These studies have shown mixed 

results. Although many studies confirm our finding of an association between diet quality 

and depression,20–26 a few studies find no association.27–29 Congruent with our results, 

vegetable consumption has been consistently associated with depression when analysed in 

conjunction with multiple food groups,30–33 as well as in studies focusing on vegetable 

consumption alone.34,35 The relationship between non-refined grains and depression has 

only been examined twice previously, these studies were in line with our results.32,36  

Although we only analysed the cross-sectional relationship between depression and diet 

quality, there are also many studies that have examined the longitudinal relationship with 

the assumption that poorer diet quality can lead to the development of depression. A 

couple meta-analyses have provided evidence that a higher quality of diet is associated 

with a lower risk for the onset of depression.34,37 

There are no longitudinal studies that investigate whether the development of depression 

can lead to a poorer diet, although there are plausible explanations as to why a depressed 

person may adopt more unhealthy eating habits. Firstly, as a change in appetite is one of 

the possible symptoms of depression according to the DSM-IV, it is fair to assume that 

this may lead to a change in dietary habits. Additionally, depressed persons typically have 

reduced motivation and energy. Healthy food usually requires more effort to prepare, 

whereas unhealthy fast food is quick and easy to access, thereby requiring less energy to 

prepare. Thus, depression may lead to a reduced dietary quality.   
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POTENTIAL MECHANISMS 

Mechanisms linking obesity and depression 

Plausible mechanisms which may explain a link between obesity and depression are 

diverse, ranging from biological aspects, psychological factors and social factors. Genome 

wide association studies (GWAS) have identified a possible shared genetic risk for obesity 

and depression.38 A recent meta-analysis of GWAS studies based in 135,458 cases and 

344,901 controls identified 44 independent and significant loci associated with MDD.39 

Two of these loci have single nucleotide polymorphisms (SNP’s) located or near them 

which have previously associated with obesity and body mass index. Subsequent 

Mendelian randomisation used to investigate the relationship between MDD and BMI 

provided evidence for a 1.12-fold increase in major depression per standard deviation 

of BMI and there was no evidence for reverse causality.39  

On a physiological level, obesity has been shown to involve dysregulation of the 

hypothalamic-pituitary-adrenal axis (HPA-axis) activation, immune-inflammatory 

activation, leptin resistance and microbiome alterations. Hyperactivation of the HPA-axis 

is a feature common to both obese and depressed people.40 The resulting abundance of 

cortisol leads to neurological damage and impairment of the hippocampus and amygdala 

which is associated with depression.41 A long-term increase in cortisol results in increased 

appetite, with a preference for energy rich food, promotes adipogenesis and hypertrophy 

of visceral fat and suppresses thermogenesis.42 Thus, there is evidence that 

hyperactivation of the HPA-axis could potentially be responsible for both depression and 

obesity or weight gain.  

Alternatively, resistance to leptin and leptin insufficiency, a characteristic of obesity, may 

constitute a risk for depression. Leptin is a hormone produced in proportion to fat mass, 

which controls appetite and energy expenditure. Leptin resistance occurs when the 

transport of leptin across the blood–brain barrier is impaired, which reduces the function 

of leptin receptors, and causes defects in leptin signal transduction.42 Leptin also has an 

impact on mood. Animal models have shown that peripheral and central administration 
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of leptin produces antidepressant-like effects.43 Interestingly, among currently depressed 

patients, higher leptin levels have been associated with key symptoms identifying the 

atypical depressive subtypes, such as hyperphagia, increased weight, and leaden paralysis.44 

Given that higher leptin levels were not associated with MDD overall would suggest that 

leptin resistance is a mechanism specific to atypical depression. 

The fact that obese individuals display basal low-grade inflammation and enhanced 

susceptibility to immune-mediated diseases has lead obesity to be termed an inflammatory 

condition affecting both innate and acquired immunity.45 Increased plasma levels of 

cytokines including interleukin (IL)1β, tumor necrosis factor (TNF)-α, IL-6 and C-

reactive protein have all been reported in obese individuals. White adipose tissue (fat 

tissue), especially in the abdominal area and muscles (ectopic fat), is an active endocrine 

organ which produces these inflammatory cytokines.46 Depressed subjects exhibit 

significantly higher levels of these inflammatory markers.47,48 It is thought that the 

peripheral immune activation can be translated into central inflammation in the brain. 

Central inflammation impacts on established pathophysiological processes of depression, 

such as monoaminergic neurotransmission alteration.45 Furthermore, cytokines influence 

HPA-activation by disrupting the negative feedback circuit, illustrating that the two 

mechanisms are linked to each other. 49 

Observational evidence has confirmed an association between type 2 diabetes mellitus 

and depression,50,51 leading to the proposal that insulin resistance may also play a role in 

depression. Obesity increases the risk of insulin resistance, a state in which tissues 

becomes unresponsive to insulin. It is thought that the increased levels of pro-

inflammatory cytokines arising from the obesity related inflammation, disable insulin 

receptors thereby inhibiting downstream signaling. Insulin receptors are also found in the 

brain, particularly in the hypothalamus and limbic regions. Available animal and human 

experiments have suggested that insulin has mood-enhancing effects.52,53  

More recent research has explored the role of the microbiota in the gut as a potential 

mechanism linking obesity with depressive symptoms. Obese subjects have been found to 

have an impaired ratio of Bacteroidetes/Firmicutes. These alterations are also related to 

markers of local inflammation which result in increased gut permeability. This contributes 
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to the onset and progression of systemic inflammation which is thought ultimately to 

trigger depressed mood.42 

Emerging evidence has suggested that there is a clustering of biological dysregulations 

according to specific depressive subtypes. According to one study which used latent class 

analysis to distinguish subtypes,54 HPA-axis hyperactivity tends to be a feature of persons 

with melancholic depression, whilst metabolic disturbances and inflammation are 

characteristics of atypical depression. Thus the heterogeneity of depression due to 

differing symptom presentation is also expressed in differing biological pathways. 

Furthermore, it has been suggested that the co-occurrence of obesity and depression is a 

factor more predominant in atypical depression as those with atypical symptoms tend to 

have higher BMI’s.55 

Alternatively, there are psychological factors which could explain the association between 

obesity and depression. Persons with obesity frequently suffer from increased body 

dissatisfaction which can lead to lower self-esteem, which itself can lead to depressive 

symptoms.56 Body dissatisfaction and self-esteem are not however, universal in all obese 

subjects and potentially varies according to cultural norms, gender and age. For example, 

we would expect body dissatisfaction to be greater during adolescence when appearances 

and peer approval are key values. This has been suggested by one study that found the 

correlation between BMI and self-esteem is strongest up until age 32 and is diminished by 

age 42.57 Body dissatisfaction may also differ between ethnic groups as one meta-analysis 

performed on U.S. female subjects suggests that ethnic differences in body dissatisfaction 

are minor.58 Although the European ethnic groups differ from those in the U.S., this does 

suggest that body dissatisfaction may not necessarily be a universal mechanism among 

persons of different ethnicities. 

Finally there are social factors which may explain why obese persons are more likely to 

suffer from depressive symptoms. Obese people are frequently stigmatised and suffer 

from discrimination due to their weight. This potentially leads to increased psychological 

stress and the development of depression.59 Perceived weight discrimination is not 

universal and has been found to differ among different cultures and between men and 
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women.60 Stigmatisation can be a particular problem during childhood where overweight 

and obese children are subject to bullying.61 Stigmatisation and bullying lead to 

psychological stress, which is a contributing factor to the development of depression. 

In summary, there are many possible mechanisms that could explain the association 

between obesity and depression: biological, psychological and social mechanisms. Most 

likely not one single mechanism is involved, mechanisms could be interrelated. 

Furthermore, theoretically, there are mechanisms which can explain the pathways in both 

directions (i.e. that obesity can lead to the development of depression and vice versa), 

however recent research using Mendelian randomisation suggests that there is evidence 

for a causal, increasing effect of BMI on depressive symptoms but no evidence for 

causality in the other direction.62 Although we did not analyse whether depression can 

promote the development of obesity, we did find that those who subsequently gained 

weight over a 2-year period had lower starting BMI’s compared to those who lost weight. 

Furthermore, those who gained weight were more likely to report weight loss and a loss 

of appetite as symptoms of depression. Thus our results suggest long-term changes in 

weight reflect a rebalancing of the changes experienced during the acute phase of 

depression. 

Mechanisms between dietary intake and depression 

The association between the dietary quality and depression/anxiety is complex and 

arguments can be made for a bidirectional relationship. An explanation as to why those 

suffering from MDD may have poorer diet quality is that depressive symptoms frequently 

preclude healthy behaviours. Two symptoms that are directly linked to diets are poor (or 

increased) appetite and weight loss (or gain). Furthermore, depressed persons commonly 

suffer from a loss of motivation and a lack of energy. Given that healthy diets typically 

require more time and cooking skills, whereas unhealthy foods are quick and easy to 

prepare, it would not be surprising that depression leads to poorer diet quality. This 

pathway could also explain why depression may lead to weight gain. As well as a poorer 

quality of diet, depression also influences other unhealthy behaviours such as less physical 
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activity, alcohol abuse and smoking.63,64 Some of these unhealthy lifestyle behaviours can 

also facilitate weight gain.  

Alternatively, depression could influence food choices through the HPA-axis, which, as 

previously mentioned, is hyperactive in people with depression. Elevated activity of the 

HPA-axis is paired with an increase in serum glucocorticoids which stimulate an increase 

in appetite with a preference for energy rich foods,65 probably at the expense of healthier 

food.  

Many of the proposed pathways explaining the link between depression and diet quality 

describe how a less healthy diet leads to an increase risk for the development of 

depression. These possible mechanisms include both direct pathways, such as deficiencies 

or abundance of nutrients important to mental health, or indirectly by affecting the gut 

microbiome, via obesity or poor metabolic health.  

Poor diet quality can result in deficiencies in certain vitamins and minerals which could 

impact depression directly by influencing biological pathways associated with the 

pathophysiology of depression. One such vitamin is folic acid which is abundant in 

vegetables, whole grain products, meat and dairy products. Low levels of folic acid have 

been associated with depression.66 Folate, a derivative of folic acid, is involved in the 

metabolism of monoamines, such as serotonin, in the brain, Serotonin insufficiencies 

have long been believed to cause depressive like symptoms.67 Zinc is a mineral found in, 

among other things, whole grain products. Zinc deficiencies result in a comparative 

reduction in synaptic zinc, which can increase the glutamatergic level by the activation of 

N-methyl-D-aspartate receptors, which is associated with depression. Additionally,

decreased synaptic zinc levels can also affect brain derived neurotrophic factor activity

which is also involved in depression.68 Other potentially important nutrients are copper

and magnesium, which are found in wholegrain products, vitamin B12, found in meat,

fish and dairy products, and B6 vitamins, found in meat, fish, dairy, legumes and

wholegrain products. All of these vitamins are necessary for the production of

neurotransmitters and thus a potential link to mental health.
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Conversely a healthy diet, such as the Mediterranean diet, which is abundant in fruit, 

vegetables, fish and wholegrain products, has a positive effect on physiological and 

mental health. The Mediterranean diet is associated with increased circulating levels of 

plasma antioxidants and decreased oxidative stress.69 Anti-oxidants counteract free 

radicals and may therefore help alleviate oxidative stress, which has been shown to be 

increased in depressed persons.70  

The Mediterranean diet has also been associated with a reduction in inflammation 

markers, elevated levels of which are a characteristic of depression.71–73 The mechanism 

behind this association may be through the dietary influences on the gut microbiome. In 

adults, diets that have a high proportion of fruit and vegetables and a low consumption of 

meat are associated with a highly diverse microbiota whereas the reverse is true for diets 

low in plant based food.74 One study has proposed that changes in gut flora ratios are 

important in determining the pro- or anti-inflammatory balance in the gut.75 Animal 

experiments have shown that intestinal permeability is affected by the gut flora profile76 

and an increase in gut permeability is associated with an increase in circulating bacteria- 

derived lipopolysaccharide (LPS), which triggers both an immunological and 

inflammatory response.75 Diets high in lipids has also been shown to promote increased 

intestinal permeability.77 Another mechanism by which the Mediterranean diet may 

influence inflammation is through omega-3 polyunsaturated fatty acids (PUFAs), which 

are found predominantly in fish and shell fish. Long chain omega-3 PUFAs, 

docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA) and their derivatives, are 

well-known regulators of the inflammatory response and have recently been shown to 

also regulate neuroinflammatory processes.78 This is corroborated by the fact that 

depressed persons seem to have lower circulating omega-3 PUFA’s than healthy 

persons.79 Furthermore, omega-3 PUFA influence the HPA axis by lowering cortisol 

levels.69 

Alternatively, diet and depression maybe linked indirectly through poor metabolic health 

and chronic diseases, which in turn poses a risk for depression. Several chronic diseases 

have been associated with depression80 many of which, such as cardiovascular disease, are 

exacerbated by an unhealthy diet. Unhealthy diets also increase the risk of metabolic 
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diseases81,82 such as metabolic syndrome and type 2 diabetes mellitus which have all been 

bidirectionally associated with depression.5,83,84 At this point we refer to a key topic of this 

thesis, obesity, as obesity is a key element in metabolic syndrome and is one of the major 

causes of type 2 diabetes mellitus. Furthermore, as discussed previously, obesity itself has 

many possible pathways linking it to depression. There is a clear link between dietary 

intake and obesity. An unhealthy diet is typically associated with a higher energy intake. 

This together with lack of physical activity will result in weight gain and ultimately 

obesity.85  

METHODOLOGICAL CONSIDERATIONS 

Some methodological considerations have already been given in the individual chapters. 

However, some generic considerations will be considered here.  

Limitations 

Cross-sectional versus longitudinal studies and causality 

Although several of the chapters in this thesis are based on longitudinal studies, three 

chapters are based on cross-sectional data. Cross-sectional data only captures one 

moment in time, and therefore has no temporal sequencing of events. Thus it is not 

possible to draw conclusions about the direction of association or causation. However, 

other literature suggests that BMI and diet quality are bidirectionally associated with 

depression. A previous meta-analysis of longitudinal cohort data5 concluded that a higher 

BMI increased the risk of developing depression and conversely also found that 

depressed persons were more likely to develop obesity, thus suggesting a bidirectional 

association. However, whether higher BMI increases the risk of depression (or vice versa) 

or whether there is a shared link, such as a genetic risk factor, remains unknown. A causal 

relationship could only be proved by intervention studies which are, due to ethical 

considerations, difficult to perform.  

Both chapter 5 and 6, which analyse the associations between diet quality and depression, 

are cross-sectional. Although arguments can be made for an association in both 

Chapter 8

176



directions, supporting longitudinal literature can only be found establishing that poor diet 

quality increases the risk of developing depression34. Only three longitudinal studies have 

looked at the effect of depression on diet quality and they found no evidence to support 

the reverse causality hypothesis.86–88 Nonetheless, the literature focusing on the 

relationship between depression and diet quality is mostly cross-sectional, thus there is 

limited evidence that diet quality is reduced after the onset of depression. One meta-

analysis observed that the relationship between diet exposure and depression ceased to 

exist when studies were corrected for baseline depressive symptoms leading them to 

conclude that a low quality of diet maybe a co-committal phenomenon of the early stages 

of depression without genuinely being associated with depression risk.34 We and another 

study found that diet quality is not associated with a history of depression.89 Thus, if 

depression is co-committal with poor diet quality, this fact does not necessarily persist 

after recovery. Again, only experimental studies could prove that poor diet quality causes 

depression, and a shared link, such as BMI, cannot be eliminated. 

Underweight and depression 

This thesis has mainly focused on the relationship between obesity and depression. Being 

underweight was only considered as a separate group in chapter 4. There has been some 

speculation as to whether the relationship between BMI and depression is U-shaped, that 

is to say whether, in addition to those with overweight or obesity, those with underweight 

may be at increased risk of depression. One cross-sectional study indeed shows this “U” 

shaped relationship.3 However, given that both unintentional weight loss and weight gain 

are possible symptoms of depression according to the DSM-V, we cannot eliminate the 

possibility that the depression state itself is the cause of being underweight. Another 

longitudinal study also showed evidence for a non-linear relationship between BMI and 

development of depression. However, this was found only for young men and not for 

women.8 Our longitudinal study (chapter 4) showed no evidence that persons who are 

underweight have an increased risk developing MDD. There was also no difference 

between the thin children and the normal weight children (chapter 3) in their relationship 

with lifetime MDD (data not shown) and hence these two categories were eventually 

combined. 
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Measurement Instruments 

Although the analyses involving NESDA data were based on a clinical diagnosis of 

depression, the HELIUS and AGES cohorts both used instruments that measured 

depressive symptoms. These instruments (Patient health questionnaire (PHQ-9) & 

Geriatric depression scale (GDS)) have cut-off points that have previously been validated 

for detecting depressive disorders,90,91 this is nevertheless the same as a clinical diagnosis. 

Furthermore, many of the symptoms referred to in the questionnaires can also arise from 

other conditions, such as loss of memory due to dementia or lack of energy due to a 

somatic illness, thereby potentially coincidently categorizing a person suffering from 

somatic problems as depressed. Thus, as mention in the relevant chapters, the ethnical 

differences are in relations to a set of symptoms instead of a disease, and, in the case of 

the AGES study, there is no association between childhood overweight/obesity and 

depressive symptoms in late-life but not necessarily no relationship between childhood 

overweight/obesity and MDD. Adjustment for confounders, such as age and chronic 

diseases may partially correct for the coincidental effect of overlapping symptoms 

between depression and old age or other diseases. Finally, most instruments that measure 

depression severity cannot be used to distinguish between symptom profiles such as 

atypical depression or neurovegetative symptoms. Given the heterogeneity between 

people classified as “depressed”, knowing individual symptom profiles is important in 

determining the complex relationships between BMI, dietary intake and depression. 

Measuring dietary intake is notoriously difficult to achieve with any accuracy. A 

correlation of 0.5-0.7 with objective dietary intake measures is generally considered 

moderate by most food frequency questionnaires (FFQ).92 Typical problems are over and 

underestimation of actual food consumption, poor recall and the omission of frequently 

eaten items from the FFQ. Furthermore, reporting accuracy in the FFQ is possibly 

associated with disorder severity as depression can influence cognitive function.93 

Underestimation of actual food consumption is more common in those who have higher 

BMI’s which would lead to a bias in our results, although assuming the underestimation is 

consistent across all reported food items, correction for total energy intake will partially 

correct for this bias. We also removed those with extreme energy intakes, and added 
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other self-report frequently consumed food items which partially resolved some of these 

issues. 

Population sizes 

Although the sample sizes of the cohorts used in this thesis were generally good, the 

number of participants with overweight/obesity in the AGES study was low. Despite data 

on 889 participants only 101 had elevated GDS scores and 36 had lifetime MDD, leaving 

our analyses underpowered. Despite this we still found a significant association between 

overweight/obesity at age 8 and lifetime MDD assessed during late-life. This suggests that 

there is a relationship between these two variables although the effect sizes found must be 

taken with caution, and further research needs to confirm our findings. 

Strengths 

There are several positive aspects to the cohorts used in this thesis. Firstly, with the 

exception of the AGES study, the sample sizes were large (NESDA baseline N=2,981, 9-

year follow-up N=2069, HELIUS N=22,165). Secondly, we had data on a large number 

of European ethnic minorities with in the HELIUS study. The AGES cohort availed data 

from a long period, measured anthropometric data from childhood as well as data from 

late-life. 

Additionally, the NESDA cohort included participants from a wide variety of 

background, thereby encompassing a wide range of depression symptoms, subjects with 

either depression and/or anxiety and a variety of clinical trajectories. Thirdly, in all of the 

studies the anthropometric variables were measured by trained assistants and for most 

studies waist circumference measurements were available in addition to BMI, the latter 

being a more crude measure of obesity. 

Finally, data was available on physical activity, an important confounder, for all three 

cohorts. 
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CLINICAL IMPLICATIONS 

This thesis shows that higher BMI and obesity increase the risk of developing depression. 

From a practical point of view, health professionals should be aware that obesity is a risk 

factor for the development of depression. Additionally, the fact that even being 

overweight as a child may not only impact physiological health, but may also have long-

term consequences for adult mental health, although not geriatric, is important. 

Furthermore, knowing that the relationship between obesity and depressed mood is not 

universal among ethnic groups may help target prevention strategies with the knowledge 

that for some ethnic groups, programs aimed at targeting obesity may result in an 

improvement in both somatic and mental health and whilst in other groups the 

improvement in physical health would be the main focus.  

Extrapolating the notion that obesity is a risk factor for depression might lead us to 

conclude that weight loss among obese persons could potentially reduce their risk of 

developing depression or improve depressive symptoms. High quality randomized 

controlled trials investigating the effect of weight loss on depression are scarce. One study 

by Naparstek et al. randomized 136 obese participants to either an internet based weight 

loss (IBWL) program plus a community initiative, or to community initiative alone for 3 

months.94 They found that participants who received IBWL experienced significantly 

greater weight loss along with a significant improvement in depressive symptoms 

compared to the control group. However, as the IBWL consisted of strategies to reduce 

calorie intake and increase physical activity it is unclear whether it was the weight loss 

resulting from the reduced calorie intake that was responsible for the reduction in 

depressive symptoms or the increase in physical activity. This is important as physical 

activity itself is known to reduce depressive symptoms irrespective of weight loss.95 

Another study by Brinkworth et al. administered either a very low carbohydrate high fat 

diet or a high carbohydrate low fat diet to 115 obese participants with type 2 diabetes 

mellitus. Both diets were energy restrictive and isocaloric. After a year, weight loss was 

achieved in both groups along with significant improvement in depressive symptoms 

(Beck Depression Inventory).96 However, as with the previous mentioned trial, physical 

activity was included as part of the intervention, thus it is not possible to disentangle the 
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effects of the weight loss and increase in exercise from each other. Finally, a meta-analysis 

of intentional weight loss RCT studies and their effect on depressive symptoms 

concluded that, on average, obese individuals in weight loss trials experience a reduction 

in depressive symptoms.97 This study found that trials using exercise treatments alone had 

the greatest effect size, whilst trials that included lifestyle modifications, where exercise 

and dietary instruction were combined with behavioural therapy, had a moderate effect 

on depression. Post-hoc analysis, however showed that reduction in weight was not 

significantly related to changes in symptoms of depression. This would imply that it is not 

the weight loss that has a positive impact on depressive symptoms. An alternative source 

of evidence can be found among clinical trials investigating the effect of weight loss after 

bariatric surgery. A trial by Yubero-Serrano et al. showed that many patients experience 

correlated improvements in weight loss and depressive symptoms during the 6 months 

following surgery.98 However, the generalisability of these results are limited as patients 

who undergo bariatric surgery have extreme obesity with BMI’s >40kg/m2. Furthermore, 

it is not known whether the improvement in depressive symptoms are due to the actual 

fat loss or the improvement in body satisfaction, reduction in stigma or the enforced 

healthier eating habits. In summary, the evidence that weight loss may improve depressive 

symptoms is inconclusive. Furthermore, taking a realistic approach, weight loss is proven 

to be a challenging health issue and the subsequent weight maintenance is even more 

difficult to achieve. 

The comorbidity between obesity and depression can have negative consequences with 

regard to treatment of each condition. On the one hand, weight loss programs for obese 

persons may be hampered by reduced adherence to the required lifestyle changes because 

of the concurrent depressive symptoms.99 On the other hand, treatment of depressed 

patients who are comorbid obese may require different treatment to their non-obese 

counterparts. The obesity related biological dysregulations (e.g. increased inflammation) 

prevalent in obese depressed patients have been associated with a more chronic course of 

depression and a poorer response to antidepressants.42 It has been proposed that part of 

the heterogeneity of depression may be due to the differing underlying biological 

dysregulations. Metabolic dysregulation including obesity and inflammation appear to be 

more specific to an atypical pattern of depression with increased appetite, weight gain, 
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and leaden paralysis, as determined by latent class analysis.54,55 On the other hand, 

hypercortisolemia is more specific to melancholic class of depression showing the highest 

proportions of melancholic symptoms (decreased appetite, weight loss, psychomotor 

change, lack of responsiveness, diurnal variation, and early morning awakening).40,55 This 

is relevant as treatment strategies for the different depressive subtypes may differ. For 

example, although it has been found that anti-inflammatory treatment is effective in 

reducing depressive symptoms,100 one study has shown that this is more effective in 

treatment resistant patients with high baseline CRP levels and higher BMIs, thus atypical 

or metabolic depressive subtypes.101 

The fact that persons suffering from MDD are more likely to gain weight over a 6-year 

period compared to their healthy counterparts is of clinical importance as weight gain is a 

risk factor for physiological complications such as diabetes and cardiovascular disease and 

is thus something that should be monitored.102,103 Moreover, weight gain may lead to 

poor self-image and increased inflammation, which could further exacerbate depressed 

status.104 Our finding, which is supported by other studies,105 that antidepressant use is 

not only cause of weight gain, is also of clinical relevance. This knowledge should help 

physicians give better treatment advice, as fear of weight gain in particular is a major 

reason for drug treatment non-compliance in depressed patients106 and may contribute to 

a hesitancy to start with antidepressant treatment.107 Finally, monitoring weight loss in 

patients diagnosed with MDD is also important as this can lead to osteoporosis, 

sarcopenia, and frailty.108–110 

Our findings would suggest that a healthy diet such as the Mediterranean diet, high in 

whole grains, vegetables and fruit, may be a way of reducing depressive symptoms and 

would concurrently help to reduce obesity, however conformational experimental 

evidence is required before a healthy diet as treatment can be advocated. One meta-

analysis of prospective observational studies summarizing the influence of diet on 

depression suggested that although dietary changes appear to prevent depressive 

symptoms, the overall impact of diet is small.34 The fact that dietary changes are difficult 

to make or maintain makes this a more challenging approach to the reduction depressive 

symptoms.111 More positive evidence demonstrating that dietary changes could contribute 
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to the treatment of depression can be found in two clinical trials. One clinical trial among 

152 depressed participants found that a Mediterranean diet supplemented with fish oil 

resulted in a significantly greater improvement in depressive symptoms over a 6 month 

period compared to a group that only participated in social interaction.112 Another smaller 

intervention study (n=67) gave either dietary intervention or social support to moderately 

or severely depressed participants.113 The dietary intervention comprised personalised 

dietary advice and nutritional counseling support, including motivational interviewing, 

goal setting and mindful eating, from a clinical dietician in order to support optimal 

adherence to the recommended Mediterranean-like diet. The dietary intervention groups 

showed a significantly greater improvement in depressive symptoms, independent of any 

weight change, compared to the group receiving social support over the 12 week period. 

In conclusion, although these small studies indicate that dietary improvement may 

provide an efficacious and accessible treatment strategy for the management of 

depression, more evidence from high-quality studies is needed.  

RECOMMENDATIONS FOR FUTURE RESEARCH 

This thesis adds and broadens epidemiological evidence confirming the relationship 

between both BMI/obesity and dietary intake with depression as well as expanding upon 

clinical aspects of these relationships. However, this thesis also raises some points which 

warrant further investigation. 

Firstly, although we found that the relationship between obesity and depressed mood is 

not consistent across ethnic groups, we could only speculate as to why these differences 

exist. Future studies should explore whether differential social-cultural based normative 

values or underlying pathophysiology across ethnic groups explain why obesity and 

depression are strongly related in some but not all ethnic groups.  

Secondly, our research implies that childhood weight is a possible risk factor for 

subsequent adult mental health, although these results must be interpreted with caution as 

in our population the prevalence of overweight and obesity and reported MDD was low. 

There is currently too little evidence to determine whether it is childhood 
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overweight/obesity that is possibly increasing the risk of subsequent MDD or other 

factors that may precipitate childhood overweight/obesity, such as childhood trauma or 

an unhealthy diet or consequential factors, such as bullying. Thus, given that childhood 

obesity is currently a large public health problem, studies examining measured childhood 

overweight/obesity, childhood events, diet, bullying in conjunction with lifetime MDD in 

populations where childhood obesity is more prevalent are warranted. Furthermore, it 

would be useful if such studies could also incorporate biological measurements such as 

cortisol levels and inflammatory markers as well as psychological questionnaires to help 

elucidate the mechanism behind the development of depression. 

Thirdly, our results suggest that being obese is a risk factor for the development of 

depression, however there is a lack of intervention studies that investigate the 

independent effects of weight loss through caloric restriction without additional physical 

activity as well. The ethics of eliminating physical activity advice from any weight loss 

programme is debatable, however alternative options, such as comparing changes in 

depressive symptoms between groups that only do physical activity compared to caloric 

restriction and physical activity is feasible. 

Fourthly, our studies into diet quality and depression were performed on cross-sectional 

data. Although there are plenty of longitudinal studies establishing the link between poor 

diet quality and the development of depression, few studies examine whether the quality 

of diet is reduced during a longitudinal trajectory of depressive episode development and 

whether such a relationship discontinues during episode recovery. 

Finally, there is a lack of large clinical trials investigating whether a healthy diet can reduce 

the risk of developing depression or improve depressive symptoms in persons already 

suffering from MDD. The current clinical evidence is limited by small numbers of 

participants,113 or the fact that the dietary intervention was given in combination with 

dietary supplements,112 making it impossible to disentangle the effects of the two. The 

results of the MooDFOOD depression prevention study will help answering the question 

as to whether a higher diet quality can reduce the risk of developing depression. This trial 

was set up in 2015 and aimed to examine the feasibility and effectiveness of two different 
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nutritional strategies to prevent a new episode of MDD in high-risk overweight persons 

with sub-syndromal symptoms of depression.114 Using a two-by-two factorial design this 

study recruited over 1000 participants equally divided over four groups to receive either a 

1) food-related behaviour activation therapy (FBA) (aimed at improving diet quality and

reducing poor eating habits) together with a vitamin and mineral supplements, 2) vitamin

and mineral supplementation and no FBA, 3) placebo pills and FBA, 4) placebo pills and

no FBA. Baseline and follow-up measurements (3 months, 6 months & 12 months)

measured among other things depressive symptoms and the development of MDD. The

results of this trial will be published soon.

CONCLUSION 

Obesity (and being overweight in childhood) and a higher BMI or waist circumference are 

risk factors for the development of, although not the persistence of, clinical major 

depressive disorder. Additionally, higher BMI/obesity during childhood is not related to 

elevated depressive symptoms measured during late-life. The relationship between 

depression and BMI is not necessarily consistent for all groups of people, for instance 

over ethnic groups, as found in our analysis in a large multi-ethnic cohort. Furthermore, 

being clinically depressed is also associated with subsequent weight loss or weight gain 

over a 2-year period, regardless of antidepressant use. Over a 6-year period, persons with 

a current depressive disorder are more likely to gain weight than persons who have no 

current depressive disorder.  

The relationship between obesity and depression is complex and there are many possible 

underlying mechanisms. Most likely a combination of factors plays a role and given the 

heterogenetic nature of depression, it is also feasible that the mechanisms vary according 

to the unique combination of symptoms. 

Having a current clinical diagnosis of depression and/or anxiety disorder is associated 

with a poorer quality of diet. The association is mostly driven by severity of the disorder, 

the more severe the symptoms, the poorer the quality of diet. Although non-refined 

grains and, to some extent vegetables, appear to be particularly important in the 
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relationship between diet and depression/anxiety disorders, it is the combined effect of 

the whole diet that has the largest association with depression and anxiety. Due to the 

cross-sectional nature of our dietary studies we cannot conclude whether it is a poorer 

diet that leads to the development of depression or whether suffering from depression 

prohibits healthy eating, thus resulting in a poorer diet quality. Most likely the relationship 

is bidirectional. 

The growing prevalence of obesity among developing and developed countries will only 

increase the problem of physical and mental health in society. Trends in food 

consumption where fast, readily consumable, unhealthy food is more widely available will 

exacerbate this problem. Improvement of diet quality and prevention of obesity are two 

important public health targets which will not only help reduce the number of chronic 

diseases but could also lead to an improvement in mental health. 

Chapter 8

186



REFERENCES 

1. Abou Abbas, L., Salameh, P., Nasser, W., Nasser, Z. & Godin, I. Obesity and symptoms of

depression among adults in selected countries of the Middle East: a systematic review and meta-

analysis. Clin. Obes. 5, 2–11 (2015).

2. Blaine, B. Does depression cause obesity? A meta-analysis of longitudinal studies of depression

and weight control. J. Health Psychol. 13, 1190–1197 (2008).

3. de Wit, L. M., van Straten, A., van Herten, M., Penninx, B. W. J. H. & Cuijpers, P. Depression and

body mass index, a u-shaped association. BMC Public Health 9, 14 (2009).

4. Jung, S. J. et al. Association between body size, weight change and depression: systematic review

and meta-analysis. Br. J. Psychiatry 211, 14–21 (2017).

5. Luppino, F. S. et al. Overweight, obesity, and depression: a systematic review and meta-analysis of

longitudinal studies. Arch. Gen. Psychiatry 67, 220–229 (2010).

6. Mannan, M., Mamun, A., Doi, S. & Clavarino, A. Is there a bi-directional relationship between

depression and obesity among adult men and women? Systematic review and bias-adjusted meta

analysis. Asian J. Psychiatr. 21, (2016).

7. Mannan, M., Mamun, A., Doi, S. & Clavarino, A. Prospective associations between depression and

obesity for adolescent males and females- A systematic review and meta-analysis of longitudinal

studies. PLoS One 11, e0157240 (2016).

8. Mccrea, R., Berger, Y. & King, M. Body mass index and common mental disorders: exploring the

shape of the association and its moderation by age, gender and education. Int. J. Obes. 36, 414–421

(2011).

9. Schaakxs, R. et al. Risk Factors for Depression: Differential Across Age? Am. J. Geriatr. Psychiatry

25, 966–977 (2017).

10. Frisco, M. L., Houle, J. N. & Lippert, A. M. Weight change and depression among US young

women during the transition to adulthood. Am. J. Epidemiol. 178, 22–30 (2013).

11. DiPietro, L., Anda, R. F., Williamson, D. F. & Stunkard, A. J. Depressive symptoms and weight

change in a national cohort of adults. Int. J. Obes. Relat. Metab. Disord. 16, 745–53 (1992).

12. Forman-Hoffman, V. L., Yankey, J. W., Hillis, S. L., Wallace, R. B. & Wolinsky, F. D. Weight and

depressive symptoms in older adults: direction of influence? J. Gerontol. B. Psychol. Sci. Soc. Sci. 62,

S43–S51 (2007).

13. Koster, A. et al. Late-life depressed mood and weight change contribute to the risk of each other.

Am. J. Geriatr. Psychiatry 18, 236–44 (2010).

14. Haukkala, U. Depressive symptoms, cynical hostility, and weight change: A 3-year follow-up

among middle-aged men and women. Int. J. Behav. Med. 8, 116–133 (2001).

15. Singh, G., Jackson, C. a, Dobson,  a & Mishra, G. D. Bidirectional association between weight

change and depression in mid-aged women: a population-based longitudinal study. Int. J. Obes.

(Lond). 38, 591–6 (2014).

General discussion

187



16. Patten, S. B. et al. Major depression, antidepressant medication and the risk of obesity. Psychother.

Psychosom. 78, 182–186 (2009).

17. Hirschfeld, R. M. A. Long-term side effects of SSRIs: sexual dysfunction and weight gain. J. Clin.

Psychiatry 64 Suppl 18, 20–4 (2003).

18. Watanabe, N. et al. Safety reporting and adverse-event profile of mirtazapine described in

randomized controlled trials in comparison with other classes of antidepressants in the acute-phase

treatment of adults with depression: systematic review and meta-analysis. CNS Drugs 24, 35–53

(2010).

19. Serretti, A. & Mandelli, L. Antidepressants and Body Weight. J. Clin. Psychiatry 71, 1259–1272 (2010).

20. Appelhans, B. M. et al. Depression severity, diet quality, and physical activity in women with

obesity and depression. J. Acad. Nutr. Diet. 112, 693–8 (2012).

21. Beydoun, M. A. et al. Role of depressive symptoms in explaining socioeconomic status disparities

in dietary quality and central adiposity among US adults: A structural equation modeling approach.

Am. J. Clin. Nutr. 90, 1084–1095 (2009).

22. Pagoto, S. L. et al. Association of Depressive Symptoms and Lifestyle Behaviors among Latinos at

Risk of Type 2 Diabetes. J. Am. Diet. Assoc. 109, 1246–1250 (2009).

23. Quirk, S. E. et al. The association between diet quality, dietary patterns and depression in adults: a

systematic review. BMC Psychiatry 13, 175 (2013).

24. Saneei, P. et al. Adherence to Alternative Healthy Eating Index in relation to depression and

anxiety in Iranian adults. Br. J. Nutr. 116, 335–42 (2016).

25. Sinclair, R. et al. The Cross-Sectional Association between Diet Quality and Depressive

Symptomology amongst Fijian Adolescents. PLoS One 11, e0161709 (2016).

26. Rienks, J., Dobson,  a J. & Mishra, G. D. Mediterranean dietary pattern and prevalence and

incidence of depressive symptoms in mid-aged women: results from a large community-based

prospective study. Eur. J. Clin. Nutr. 67, 75–82 (2013).

27. Whitaker, K. M., Sharpe, P. A., Wilcox, S. & Hutto, B. E. Depressive symptoms are associated

with dietary intake but not physical activity among overweight and obese women from

disadvantaged neighborhoods. Nutr. Res. 34, 294–301 (2014).

28. Rahe, C. et al. Associations between depression subtypes, depression severity and diet quality:

cross-sectional findings from the BiDirect Study. BMC Psychiatry 15, 426 (2015).

29. Beydoun, M. A. & Wang, Y. Pathways linking socioeconomic status to obesity through depression

and lifestyle factors among young US adults. J. Affect. Disord. 123, 52–63 (2010).

30. Akbaraly, T. N., Sabia, S., Shipley, M. J., Batty, G. D. & Kivimaki, M. Adherence to healthy dietary

guidelines and future depressive symptoms: Evidence for sex differentials in the Whitehall II

study. Am. J. Clin. Nutr. 97, 419–427 (2013).

31. El Ansari, W. El, Adetunji, H. & Oskrochi, R. Food and mental health: Relationship between food

and perceived stress and depressive symptoms among university students in the United Kingdom.

Cent. Eur. J. Med. 22, 90–97 (2014).

Chapter 8

188



32. Gangwisch, J. E. et al. High glycemic index diet as a risk factor for depression  : analyses from the

Women ’ s Health Initiative. Am. J. Clin. Nutr. 102, 454–463 (2015).

33. Mikolajczyk, R. T., El Ansari, W. & Maxwell, A. E. Food consumption frequency and perceived

stress and depressive symptoms among students in three European countries. Nutr. J. 8, 31 (2009).

34. Molendijk, M., Molero, P., Ortuño Sánchez-Pedreño, F., Van der Does, W. & Angel Martínez-

González, M. Diet quality and depression risk: A systematic review and dose-response meta-

analysis of prospective studies. J. Affect. Disord. 226, 346–354 (2018).

35. Liu, X., Yan, Y., Li, F. & Zhang, D. Fruit and vegetable consumption and the risk of depression: A

meta-analysis. Nutrition 32, 296–302 (2016).

36. Rius-ottenheim, N., Kromhout, D., Sijtsma, F. P. C., Geleijnse, M. & Giltay, E. J. Dietary patterns and

mental health after myocardial infarction. PLoS One 1–13 (2017). doi:10.1371/journal.pone.0186368

37. Psaltopoulou, T. et al. Mediterranean diet, stroke, cognitive impairment, and depression: A meta-

analysis. Ann. Neurol. 74, 580–591 (2013).

38. Samaan, Z. et al. Obesity genes and risk of major depressive disorder in a multiethnic population. J.

Clin. Psychiatry 76, e1611–e1618 (2015).

39. Wray, N. R. & Sullivan, P. F. Genome-wide association analyses identify 44 risk variants and refine

the genetic architecture of major depression. bioRxiv 167577 (2017). doi:10.1101/167577

40. Penninx, B. W. J. H., Milaneschi, Y., Lamers, F. & Vogelzangs, N. Understanding the somatic

consequences of depression: biological mechanisms and the role of depression symptom profile.

BMC Med. 11, 129 (2013).

41. Schmaal, L. et al. Cortical abnormalities in adults and adolescents with major depression based on

brain scans from 20 cohorts worldwide in the ENIGMA Major Depressive Disorder Working

Group. Mol. Psychiatry 22, 900–909 (2017).

42. Milaneschi, Y., Simmons, W. K., van Rossum, E. F. C. & Penninx, B. W. J. H. Depression and

obesity: evidence of shared biological mechanisms. Mol. Psychiatry (2018). doi:10.1038/s41380-018-

0017-5

43. Lu, X.-Y., Kim, C. S., Frazer, A. & Zhang, W. Leptin: A potential novel antidepressant. Proc. Natl.

Acad. Sci. 103, 1593–1598 (2006).

44. Milaneschi, Y., Lamers, F., Bot, M., Drent, M. L. & Penninx, B. W. J. H. Leptin Dysregulation Is

Specifically Associated With Major Depression With Atypical Features: Evidence for a Mechanism

Connecting Obesity and Depression. Biol. Psychiatry 1–8 (2015). doi:10.1016/j.biopsych.2015.10.023

45. Capuron, L. & Miller, A. H. Immune system to brain signaling: Neuropsychopharmacological

implications. Pharmacol. Ther. 130, 226–238 (2011).

46. Shoelson, S. E., Herrero, L. & Naaz, A. Obesity, Inflammation, and Insulin Resistance.

Gastroenterology 132, 2169–2180 (2007).

47. Miller, G. E., Stetler, C. A., Carney, R. M., Freedland, K. E. & Banks, W. A. Clinical depression

and inflammatory risk markers for coronary heart disease. Am. J. Cardiol. 90, 1279–83 (2002).

48. Howren, M. B., Lamkin, D. M. & Suls, J. Associations of depression with C-reactive protein, IL-1,

General discussion

189



and IL-6: a meta-analysis. Psychosom. Med. 71, 171–186 (2009). 

49. Pace, T. W. W. & Miller, A. H. Cytokines and Glucocorticoid Receptor Signaling. Ann. N. Y. Acad.

Sci. 1179, 86–105 (2009).

50. Kan, C. et al. A Systematic Review and Meta-analysis of the Association Between Depression and

Insulin Resistance. Diabetes Care 36, 480–489 (2013).

51. Rotella, F. & Mannucci, E. Diabetes mellitus as a risk factor for depression. A meta-analysis of

longitudinal studies. Diabetes Res. Clin. Pract. 99, 98–104 (2013).

52. Benedict, C. et al. Intranasal insulin improves memory in humans. Psychoneuroendocrinology 29, 1326–

34 (2004).

53. Grillo, C. A. et al. Downregulation of hypothalamic insulin receptor expression elicits depressive-

like behaviors in rats. Behav. Brain Res. 222, 230–5 (2011).

54. Lamers, F. et al. Evidence for a differential role of HPA-axis function, inflammation and metabolic

syndrome in melancholic versus atypical depression. Mol. Psychiatry 18, 692–699 (2013).

55. Lamers, F. et al. Identifying depressive subtypes in a large cohort study: Results from the

Netherlands Study of Depression and Anxiety (NESDA). J. Clin. Psychiatry 71, 1582–1589 (2010).

56. Choi, E. & Choi, I. The associations between body dissatisfaction, body figure, self-esteem, and

depressed mood in adolescents in the United States and Korea: A moderated mediation analysis. J.

Adolesc. 53, 249–259 (2016).

57. Kiviruusu, O. et al. Self-esteem and Body Mass Index from Adolescence to Mid-adulthood. A 26-

year Follow-up. Int J Behav Med 23, 355–363 (2016).

58. Grabe, S. & Hyde, J. S. Ethnicity and body dissatisfaction among women in the United States: A

meta-analysis. Psychol. Bull. 132, 622–640 (2006).

59. Stevens, S. D., Herbozo, S., Morrell, H. E., Schaefer, L. M. & Thompson, J. K. Adult and

childhood weight influence body image and depression through weight stigmatization. J. Health

Psychol. 22, 1084–1093 (2017).

60. Dutton, G. R. et al. Perceived weight discrimination in the CARDIA study: differences by race,

sex, and weight status. Obesity (Silver Spring). 22, 530–6 (2014).

61. van Geel, M., Vedder, P. & Tanilon, J. Are overweight and obese youths more often bullied by

their peers? A meta-analysis on the relation between weight status and bullying. Int. J. Obes. 38,

1263–1267 (2014).

62. van den Broek, N. et al. Causal associations between body mass index and mental health: a

Mendelian randomisation study. J. Epidemiol. Community Health jech-2017-210000 (2018).

doi:10.1136/jech-2017-210000

63. Grossniklaus, D. A. et al. Dietary energy density: a mediator of depressive symptoms and

abdominal obesity or independent predictor of abdominal obesity? Eur. J. Cardiovasc. Nurs. 11, 423–

431 (2012).

64. Bonnet, F. et al. Anxiety and depression are associated with unhealthy lifestyle in patients at risk of

cardiovascular disease. Atherosclerosis 178, 339–344 (2005).

Chapter 8

190



65. Tasker, J. G. Rapid Glucocorticoid Actions in the Hypothalamus as a Mechanism of Homeostatic

Integration. Obesity 14, 259S–265S (2006).

66. Gilbody, S., Lightfoot, T. & Sheldon, T. Is low folate a risk factor for depression? A meta-analysis

and exploration of heterogeneity. J. Epidemiol. Community Health 61, 631–637 (2007).

67. Bottiglieri, T. Homocysteine and folate metabolism in depression. Prog. Neuro-Psychopharmacology

Biol. Psychiatry 29, 1103–1112 (2005).

68. Li, Li, Song, Z. & Zhang, D. Dietary zinc and iron intake and risk of depression: A meta-analysis.

Psychiatry Research 251, 41–47 (2017).

69. Yubero-Serrano, E. M. et al. Postprandial antioxidant gene expression is modified by

Mediterranean diet supplemented with coenzyme Q10 in elderly men and women. Age (Omaha).

35, 159–170 (2013).

70. Black, C. N., Bot, M., Scheffer, P. G., Cuijpers, P. & Penninx, B. W. J. H. Is depression associated

with increased oxidative stress? A systematic review and meta-analysis. Psychoneuroendocrinology 51,

164–175 (2015).

71. Urpi-Sarda, M. et al. The Mediterranean Diet Pattern and Its Main Components Are Associated

with Lower Plasma Concentrations of Tumor Necrosis Factor Receptor 60 in Patients at High

Risk for Cardiovascular Disease. J. Nutr. 142, 1019–1025 (2012).

72. Richard, C., Couture, P., Desroches, S. & Lamarche, B. Effect of the mediterranean diet with and

without weight loss on markers of inflammation in men with metabolic syndrome. Obesity 21, 51–

57 (2013).

73. Sureda, A. et al. Adherence to the Mediterranean Diet and Inflammatory Markers. Nutrients 10, 62

(2018).

74. Jeffery, I. & O’Toole, P. Diet-Microbiota Interactions and Their Implications for Healthy Living.

Nutrients 5, 234–252 (2013).

75. Dash, S., Clarke, G., Berk, M. & Jacka, F. N. The gut microbiome and diet in psychiatry: focus on

depression. Curr. Opin. Psychiatry 28, (2015).

76. Cani, P. D. et al. Changes in gut microbiota control metabolic endotoxemia-induced inflammation

in high-fat diet-induced obesity and diabetes in mice. Diabetes 57, 1470–81 (2008).

77. Kim, K.-A., Gu, W., Lee, I.-A., Joh, E.-H. & Kim, D.-H. High fat diet-induced gut microbiota

exacerbates inflammation and obesity in mice via the TLR4 signaling pathway. PLoS One 7, e47713

(2012).

78. Larrieu, T. & Layé, S. Food for Mood: Relevance of Nutritional Omega-3 Fatty Acids for

Depression and Anxiety. Front. Physiol. 9, 1–15 (2018).

79. Thesing, C. S., Bot, M., Milaneschi, Y., Giltay, E. J. & Penninx, B. W. J. H. Omega-3 and omega-6

fatty acid levels in depressive and anxiety disorders. Psychoneuroendocrinology 87, 53–62 (2018).

80. Huang, C.-Q., Dong, B.-R., Lu, Z.-C., Yue, J.-R. & Liu, Q.-X. Chronic diseases and risk for

depression in old age: A meta-analysis of published literature. Ageing Res. Rev. 9, 131–141 (2010).

81. Jannasch, F., Kröger, J. & Schulze, M. B. Dietary Patterns and Type 2 Diabetes: A Systematic

General discussion

191



Literature Review and Meta-Analysis of Prospective Studies. J. Nutr. 147, 1174–1182 (2017). 

82. Godos, J. et al. Adherence to the Mediterranean diet is inversely associated with metabolic

syndrome occurrence: a meta-analysis of observational studies. Int. J. Food Sci. Nutr. 68, 138–148

(2017).

83. Pan, A. et al. Bidirectional association between depression and metabolic syndrome: a systematic

review and meta-analysis of epidemiological studies. Diabetes Care 35, 1171–80 (2012).

84. Zhuang, Q.-S., Shen, L. & Ji, H.-F. Quantitative assessment of the bidirectional relationships

between diabetes and depression. Oncotarget 8, 23389–23400 (2017).

85. Lindegård, A., Jonsdottir, I. H., Börjesson, M., Lindwall, M. & Gerber, M. Changes in mental

health in compliers and non-compliers with physical activity recommendations in patients with

stress-related exhaustion. BMC Psychiatry 15, 272 (2015).

86. Akbaraly, T. N. et al. Dietary pattern and depressive symptoms in middle age. Br. J. Psychiatry 195,

408–413 (2009).

87. Jacka, F. N. et al. A prospective study of diet quality and mental health in adolescents. PLoS One 6,

1–7 (2011).

88. Sánchez-Villegas, A. et al. Association of the Mediterranean Dietary Pattern With the Incidence of

Depression. Arch. Gen. Psychiatry 66, 1090 (2009).

89. Jacka, F. N., Cherbuin, N., Anstey, K. J. & Butterworth, P. Does reverse causality explain the

relationship between diet and depression? J. Affect. Disord. 175, 248–250 (2015).

90. Almeida, O. P. & Almeida, S. A. Short versions of the geriatric depression scale: a study of their

validity for the diagnosis of a major depressive episode according to ICD-10 and DSM-IV. Int. J.

Geriatr. Psychiatry 14, 858–65 (1999).

91. Kroenke, K., Spitzer, R. L., Williams, J. B. W. & Löwe, B. The Patient Health Questionnaire

Somatic, Anxiety, and Depressive Symptom Scales: a systematic review. Gen. Hosp. Psychiatry 32,

345–59 (2010).

92. Shim, J.-S., Oh, K. & Kim, H. C. Dietary assessment methods in epidemiologic studies. Epidemiol.

Health 36, e2014009 (2014).

93. American Psychiatric Association (APA). Diagnostic and statistical manual of mental disorders. (2013).

94. Naparstek, J., Wing, R. R., Xu, X. & Leahey, T. M. Internet-delivered obesity treatment improves

symptoms of and risk for depression. Obesity 25, 671–675 (2017).

95. Kvam, S., Kleppe, C. L., Nordhus, I. H. & Hovland, A. Exercise as a treatment for depression: A

meta-analysis. J. Affect. Disord. 202, 67–86 (2016).

96. Brinkworth, G. D. et al. Long-term effects of very low-carbohydrate and high-carbohydrate

weight-loss diets on psychological health in obese adults with type 2 diabetes: randomized

controlled trial. J. Intern. Med. 280, 388–97 (2016).

97. Fabricatore, A. et al. Intentional weight loss and changes in symptoms of depression: A systematic

review and meta-analysis. Int. J. Obes. 35, 1363–1376 (2011).

98. Preiss, K. et al. Psychosocial Predictors of Change in Depressive Symptoms Following Gastric

Chapter 8

192



Banding Surgery. Obes. Surg. 28, 1578–1586 (2018). 

99. DiMatteo, M. R., Lepper, H. S. & Croghan, T. W. Depression is a risk factor for noncompliance

with medical treatment: meta-analysis of the effects of anxiety and depression on patient

adherence. Arch. Intern. Med. 160, 2101–7 (2000).

100. Köhler, O. et al. Effect of Anti-inflammatory Treatment on Depression, Depressive Symptoms,

and Adverse Effects. JAMA Psychiatry 71, 1381 (2014).

101. Raison, C. L. et al. A randomized controlled trial of the tumor necrosis factor antagonist infliximab

for treatment-resistant depression: the role of baseline inflammatory biomarkers. JAMA psychiatry

70, 31–41 (2013).

102. Field, A. E. et al. Weight cycling and the risk of developing type 2 diabetes among adult women in

the United States. Obes. Res. 12, 267–74 (2004).

103. Harris, T. B. Invited commentary: body composition in studies of aging: new opportunities to

better understand health risks associated with weight. Am. J. Epidemiol. 156, 122-4; discussion 125-

6 (2002).

104. Felton, J., Cole, D. A., Tilghman-Osborne, C. & Maxwell, M. A. The relation of weight change to

depressive symptoms in adolescence. Dev. Psychopathol. 22, 205 (2010).

105. Cassano, P. & Fava, M. Tolerability issues during long-term treatment with antidepressants. Ann.

Clin. Psychiatry 16, 15–25

106. Deshmukh, R. & Franco, K. Managing weight gain as a side effect of antidepressant therapy. Cleve.

Clin. J. Med. 70, 614, 616, 618, passim (2003).

107. Patten, S. B., Williams, J. V. A., Lavorato, D. H., Khaled, S. & Bulloch, A. G. M. Weight gain in relation

to major depression and antidepressant medication use. J. Affect. Disord. 134, 288–293 (2011).

108. Asomaning, K., Bertone-Johnson, E. R., Nasca, P. C., Hooven, F. & Pekow, P. S. The Association

between Body Mass Index and Osteoporosis in Patients Referred for a Bone Mineral Density

Examination. J. Women’s Heal. 15, 1028–1034 (2006).

109. Bales, C. W. & Ritchie, C. S. Sarcopenia, weight loss, and nutritional frailty in the elderly. Annu.

Rev. Nutr. 22, 309–323 (2002).

110. Flegal, K. M., Graubard, B. I., Williamson, D. F. & Gail, M. H. Cause-Specific Excess Deaths

Associated With Underweight, Overweight, and Obesity. JAMA 298, 2028 (2007).

111. Goode, A. D., Reeves, M. M. & Eakin, E. G. Telephone-Delivered Interventions for Physical

Activity and Dietary Behavior Change. Am. J. Prev. Med. 42, 81–88 (2012).

112. Parletta, N. 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. 1–14 (2017). doi:10.1080/1028415X.2017.1411320

113. Jacka, F. N. et al. A randomised controlled trial of dietary improvement for adults with major

depression (the ‘SMILES’ trial). BMC Med. 15, (2017).

114. Roca, M. et al. Prevention of depression through nutritional strategies in high-risk persons:

rationale and design of the MooDFOOD prevention trial. BMC Psychiatry 16, (2016).

General discussion

193



Chapter 8

194


	Lege pagina (3)
	Lege pagina (4)

