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The aim of this study was to investigate grey matter alterations in subclinical depression, anxiety 

and insecure attachment. Attachment is an inborn drive to create and maintain emotional 

relationships, through which individuals feel safe and protected. It can be categorically divided into 

secure and insecure attachment styles. Insecure adult romantic attachment has been linked with a 

range of behavioral problems such as depression, anxiety, aggression and attention deficit 

hyperactivity disorder. Studying subclinical depressive and anxiety symptoms could help in 

understanding the pathophysiology of these disorders and it could also improve early diagnostics 

and treatment. 

 

The subject data used in this study comprised of healthy control groups from previous studies done 

in Turku PET Centre, University of Turku. Subjects underwent T1-weighted magnetic resonance 

imaging (MRI) and completed questionnaires measuring depression (BDI-II), anxiety (STAI) and 

insecure social attachment (ECR-R).  ECR-R divides insecure attachment further into avoidant and 

anxious attachment styles. The correlation between brain GM density and questionnaire scores was 

measured using voxel-based morphometry, which is a method for automatic quantification of grey 

(and white) matter densities from T1-weighted magnetic resonance images.  

 

A new common neurological substrate was found for subclinical depression and insecure 

attachment. Both subclinical depression and avoidant attachment were negatively associated with 

GM density in the midline of the brain (especially in the anterior cingulate and superior medial 

prefrontal cortex). This finding suggests that the midline of the brain has a role in the 

pathophysiology of depression and avoidant attachment as well. Subclinical anxiety was positively 

associated with GM density in areas of the brain that have previously been linked with fear and 

anxiety: in the temporal lobe (including fusiform gyrus, amygdala, hippocampus and cerebellum). 

These findings can be used to improve early diagnostics of depression and anxiety and to improve 

current neuromodulatory interventions in these disorders. 

 

 

Key words: depression, anxiety, attachment, grey matter 

 

 

 

 

 

 

 



 
 

 

Contents 

1 Background and aims 1 

2 Methods 3 

2.1 Participants 4 

2.2 Questionnaires 4 

2.3 Voxel-based morphometry 5 

2.4 Statistical analysis 6 

3 Results 6 

3.1 Questionnaire correlations 6 

3.2 Effects of depressive scores on grey matter density (GMD) 8 

3.3 Effects of ECR-avoidance scores on GMD 8 

3.4 Overlap between depression and avoidance dependent effects 10 

3.5 Effects of anxiety scores on GMD 10 

4 Discussion 11 

4.1 Subclinical depression and GMD 11 

4.2 Insecure adult romantic attachment trait and GMD 13 

4.3 Subclinical anxiety and GMD 14 

5 Strengths and limitations 15 

6 Conclusions 16 

References 17 

 

 
 

 



 
 

 1 

Grey matter alterations in subclinical depression, anxiety and 

insecure attachment: A voxel-based morphometry study 

 

1 Background and aims 
 
The neurobiological basis and pathophysiology of depressive and anxiety disorders remains unclear. 

Though distinctive patterns of grey matter (GM) alterations have been discovered in major 

depressive disorder, bipolar disorder and social anxiety disorder 1-3, effects of subclinical depressive 

and anxious symptoms on GM density (GMD) are still ambiguous. A dimensional approach  

suggests that a spectrum of disease severeness and psychopathology exists in these disorders. 

Rather than dividing depressed or anxious subjects categorically in to healthy or sick, this approach 

looks at the extent of one's symptoms. Studying subclinical symptoms could help to better 

understand  the psychopathology spectrum in depression and anxiety disorders. 

 

Insecure adult romantic attachment has been linked with a range of behavioral problems such as 

depression, anxiety, aggression and attention deficit hyperactivity disorder 4. The attachment theory, 

originally developed by John Bowlby and later elaborated by Mary Ainsworth , states that 

attachment is an inborn drive to create and maintain emotional relationships, through which 

individuals feel safe and protected. Links between insecure attachment, depression and anxiety 

raises a question whether there are common structural correlates in these disorders. In this study we 

further investigate the link between insecure attachment, depression, anxiety and brain structure 

with voxel-based morphometry (VBM), which is a method for automatic quantification of grey (and 

white) matter densities from T1-weighted magnetic resonance images. 

 

According to the Attachment theory, attachment styles and patterns are created already in infants 

through emotional relationships to their caregivers. These early life emotional relationships create 

every individual's "internal working model"; an understanding of self-worth and how one should be 

treated by other relationship partners. Attachment patterns that are molded by this internal working 

model already in childhood, are thought to be carried out into adulthood as well. Sensitive, 

consistent and supportive caregiving is likely to promote a secure attachment style in infants. 4 

Attachment styles are best reviewed dimensionally as a continuum, which at it’s simplest can be 

divided into secure and insecure dimensions. Furthermore, insecure attachment can be divided into 



 
 

 2 

avoidant and anxious dimensions.5 The attachment theory can be applied to romantic relationships 

in adulthood as well. Both avoidant and anxious attachment in adults is associated with relationship 

dissatisfaction, distrust of partners, low tendency to forgive, low interpersonal competence and low 

relationship regulation. Low emotional expressiveness, low self-disclosure, and low investment in 

family rituals has been specifically linked with avoidant attachment in adults. Anxious attachment 

in adults is specifically associated with coercive and dominating conflict tactics, maladaptive 

attributions of negative partner behavior and avoidance motives for sacrificing.4 Securely attached 

adults are more satisfied with their romantic relationships compared to insecurely attached adults 4,6. 

They are also less likely to suffer from depression, anxiety or excessive aggression 4. Insecure 

attachment in adults is associated with depression, anxiety, aggression and attention-deficit disorder 

as well as inflammation-related conditions across the lifespan 4,7. Still, it is unclear whether there 

are common structural correlates between subclinical depression, anxiety and insecure attachment. 

 

To this date, no studies have directly compared the structural basis of attachment styles, depression 

and anxiety. Insecure adult romantic attachment in adulthood has been associated with brain GM 

alterations in previous studies, but findings are inconsistent 8-11. GM alterations have been described 

in the left insula, pars opercularis of the left inferior frontal gyrus 8, left middle temporal and right 

parahippocampal gyrus , right ventral anterior cingulate gyrus, right middle occipital gyrus 9, left 

hippocampus 10, anterior temporal pole and left lateral orbital gyrus 11. VBM studies on the 

subclinical aspect of depression and anxiety are currently scarce too. Evidence exists for negative 

association between subclinical depression and GMD in the anterior cingulate, hippocampus and 

amygdala 12. Subclinical anxiety has been associated with GM alterations in the amygdala, 

parahippocampus, orbitofrontal cortex and anterior cingulate 13. These findings remain inconsistent, 

as studies have found both positive and negative correlations between GMD and subclinical anxiety 

in these areas 13. 

 

There is accumulating neuroimaging evidence for shared brain abnormalities in phenotypically 

similar diseases such as schizophrenia, depression, anxiety and bipolar disorder 14,15. According to a 

recent meta-analysis, bipolar disorder and schizophrenia have partly overlapping GM reductions in 

the anterior cingulate and bilaterally in the anterior insula 14. A 2015 meta-analysis comprising of 

193 VBM-studies found that GM loss in the dorsal anterior cingulate cortex and in the right  and 

left insula was characteristic for six diverse diagnostics groups (schizophrenia, bipolar disorder, 

depression, addiction, obsessive-compulsive disorder and anxiety 15. Major depressive disorder has 

been associated with GM loss in the anterior cingulate, bilaterally in the insula and in the prefrontal 
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cortex in multiple studies 1,2. Social anxiety disorder has been associated with larger GM volume in 

the left precuneus, right supplementary motor area and middle occipital gyrus and with smaller GM 

volume in the left putamen 3. 

 

Shared structural and functional alterations in psychiatric diseases could be used as targets for new 

interventions. It could also be that targets for interventions are harder to find if there are no 

structural differences. Repetitive transcranial magnetic stimulation (rTMS) , electroconvulsion 

therapy and other neuromodulatory approaches could benefit from more precise structural correlates 

in these disorders. Currently there are no strict guidelines for rTMS interventions in mild 

psychiatric disorders and new evidence for it's use in these milder forms is needed 16. Finding a 

common neurobiological substrate for mental illness could help bring new diagnostic applications 

to the table as well. A substrate existing already in mild and subclinical cases of depression and 

anxiety would be especially important for early stage detection and intervention in these disorders. 

Our subclinical approach in this study is important both in an interventional and diagnostical aspect.  

 

We study and compare the effects of subclinical depression, subclinical anxiety and social 

attachment on brain GMD to reveal any links between the neurobiological basis of these disorders. 

We hypothesized that subclinical depressive and anxiety symptoms would be negatively correlated 

with GMD in the limbic system, specifically in the medial prefrontal cortex much in the same way 

of major depressive disorder, bipolar disorder and social anxiety disorder. We expected that 

insecure adult attachment style (avoidant and anxious) would produce similar effects in the limbic 

system to depressive and anxiety symptoms. 

 

2 Methods 
 
The data used in this study comprised of healthy control subjects with no psychiatric conditions 

from previous studies done in Turku PET Centre, University of Turku. Subjects underwent T1-

weighed brain magnetic resonance imaging and completed questionnaires measuring depression, 

anxiety and insecure social attachment. VBM was then used to analyze the relationship between 

each questionnaire's points and brain structure alterations. VBM analysis was implemented via 

matlab r2016b-software. Statistical analysis was done with SPM12-software. 
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2.1 Participants 
 
The subject data used in this study comprised of healthy control groups from previous studies done 

in Turku PET Centre, University of Turku. A total of 255 subjects with no previous psychiatric 

illnesses were included, of which 180 (70.6%) were men and 75 (29.4%) women. Mean age was 

29.7 years, standard deviation (s.d) 9.97 years, ranging from 19 to 58. Subjects were screened for 

anatomical brain anomalies by radiologist. Criteria for control subjects varied slightly across 

projects, but subjects with psychiatric and neurological diagnoses were always excluded. Table 1 

contains complete participant data. 

 

2.2 Questionnaires 
 
We used the Beck depression inventory (BDI-II) as a measure of depressive symptoms. It is a 21-

item self-report questionnaire ,which is widely used in healthcare to determine the severity of 

depressive symptoms. BDI-II contains eight items for affective symptoms and thirteen for somatic 

symptoms. It is available in many languages and it can be used in both clinical and nonclinical 

populations 17. According to the original BDI-II guidelines the cutoff points are as follows: 0-13 for 

minimal range, 14-19 for mild depression, 20-28 for moderate depression and 29-63 for severe 

depression 18. Recently however, different cutoffs have been suggested for different populations. 

For non-clinical populations, a range of 10-16 has been suggested as a cutoff point to detect major 

depression 19.  

 

Anxiety symptoms were tested with the State trait anxiety inventory. It is a 20-item self-report 

questionnaire, which measures current anxiety symptoms and also the tendency to be anxious.  

Widely used in research and healthcare, it is a reliable and time-effective screening tool for non-

clinical populations as well.20  The Experiences in Close Relationships (ECR-R) was used to 

measure anxiety and avoidance behavior in social attachment. It is also a 36-item self-report 

questionnaire which measures anxiety and avoidance in relation to adult romantic attachment style. 

A Finnish version of all questionnaires mentioned above was used. Table 1 contains complete 

questionnaire data. 
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Table 1. Questionnaire and participant data. 

Questionnaire BDI STAI ECR-avoidance ECR-anxiety Total 

Participants 250 221 160 161 255 

Males (%) 177 (70.8) 148 (70.0) 99 (61.9) 62 (61.5) 180 (70.6) 

Females (%) 73 (29.2) 73 (33.0) 61 (38.1) 62( 38.5) 75 (29.4) 

Mean age 29.6 30.5 31.5 31.7 29.7 

S.d of age  9.99 10.0 10.6 10.6 9.97 

Age range 19-58 19-58 19-58 19-58 19-58 

Mean score 5.05 37.6 50.3 47.9 - 

S.d of scores 5.55 9.22 16.6 14.5 - 

Score range 0-30 24-66 19-100 19-96 - 

      

 
 
 

2.3 Voxel-based morphometry 
 
Voxel-based morphometry is a method for automatic quantification of grey (and white) matter 

densities from T1-weighted MR images. It involves first spatially normalizing the structural MRI 

data in to a standard stereotactic space, and segmenting grey matter, white matter, cerebrospinal 

fluid, bone, air and other soft tissues from it based on intensity differences in the MR signal. 

Second, the target tissue type (here grey matter) is extracted and smoothed for voxel-wise statistical 

analysis between subjects.21 

 

We began by retrieving the control-subject data from the PET Centre PACS server. All MRI-data 

on the server were in DICOM-format and it had to be converted in to NIFTI-format. Then the 

NIFTI-format data were normalized and segmented to grey and white matter and cerebrospinal fluid 

were all separated from the images. 60 mm cut-off of spatial normalization was used, and light 

affine regularization was set to 0.0001. Next an additional modulation step was performed where 

volume changes resulting from spatial normalization were taken into account. Correction for 

differences in total brain size across subjects was also performed. Segmentation and normalization 

into MNI space was performed via DARTEL-script. DARTEL models the shape of the subject 

brains by aligning white- and grey matter between the images; the images are aligned iteratively to 

an average template data created from the sample. The resulting files from DARTEL were then 

smoothed and normalized to MNI space.  
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2.4 Statistical analysis 
 
Multiple linear regression analysis was used to predict voxel-wise GM densities separately with 

scores from each questionnaire. Age and sex were used as nuisance covariates. Cluster level FDR -

corrected p-threshold of 0.05 was applied and both negative and positive questionnaire contrasts 

along with sex and age contrasts were tested. Aal- and AICHA-atlases were used to label the 

effects. 

 

3 Results 
 

3.1 Questionnaire correlations 
 
Statistically significant correlations were found between all questionnaire scores. BDI and STAI 

together had a correlation coefficient of 0.694, p<0.001. BDI and ECR-anxiety were also strongly 

correlated; r=0.587, p<0.01. BDI and ECR-avoidance had a correlation coefficient of 0.338, p<0,01. 

STAI and ECR-anxiety were correlated, r=0.673,  p<0.01. STAI and ECR-avoidance were 

correlated, r=0.371, and p<0.01. ECR-anxiety and ECR-avoidance had a correlation coefficient of  

0.437 and p<0.01. Age was not statistically significantly correlated with any of the questionnaire 

scores. Sex was statistically significantly correlated with STAI (-0.155) and ECR-anxiety (-0.192), 

p<0.001.Correlations are summed up in table 2. 
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Table 2. Questionnaire, age and sex correlations. 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

  BDI STAI-score ECR-anxiety ECR-avoidance Age Sex 

BDI 1           

STAI .694** 1         

ECR-anxiety .587** .673** 1       

ECR-avoidance .338** .371** .437** 1     

Age .039 -.102 .039 .034 1   

Sex -.117 -.155* -.192* -.098 -.393** 1 

 

 

 

Figure 1. Questionnaire scores scatter plots. 
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3.2 Effects of depressive scores on grey matter density (GMD)  
 
Depression scores were negatively correlated with GMD. Most of the effects were located medially 

between the hemispheres. Largest clusters were found in the  prefrontal cortex and the cingulum. 

Distinct clusters were found also in the superomedial parts of the parietal and occipital lobes. 

Negative association with GMD was found in anterior and middle parts of the cingulum and in the 

superior medial prefrontal cortex. Inferomedial parts of the supplemental motor area showed 

negative association too. Negative association with GMD was also seen in the superior parts of 

precuneus, superior and inferior parietal lobule, paracentral lobule as well as medial parts of the 

cuneus. Negative association with GMD was quite symmetrical both in the left and right 

hemispheres. Results are shown in figure 2. 

 

  

 

Figure 2. Negative association between GMD and BDI-II-scores. The data are 

thresholded at p<0.05, FDR-corrected. 

 

 

3.3 Effects of ECR-avoidance scores on GMD 
 
Attachment avoidance was negatively correlated with GMD. Grey matter alterations saw a similar 

pattern to the BDI negative contrast; GMD in the cingulum, superior medial prefrontal cortex and 
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supplemental motor area was negatively associated with avoidant attachment. GMD in the posterior 

cingulum and the most anteroinferior parts of the precuneus were negatively associated with 

avoidant attachment too. Negative association was found bilaterally in the lingual gyrus, unilaterally 

in the right side hippocampal area, superior parts of the temporal pole, in the most inferior parts of 

the orbital prefrontal cortex and insula. Results are shown in figure 3. 

 

 

 

Figure 3. Negative association between GMD and ECR-avoidance scores. The data 

are thresholded p<0.05, FDR-corrected. 
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3.4 Overlap between depression and avoidance dependent effects 
 
Both depressive symptoms and avoidant attachment were negatively correlated with GMD in the 

limbic system. Overlap in the cerebral areas affected by these two questionnaire contrasts was seen 

especially in the anterior cingulate and superior medial prefrontal cortex. Depression has more 

effects in the supplemental motor area, cuneus and precuneus. Avoidant attachment has broader 

effects in the middle cingulate. The right side effects of avoidant attachment in the hippocampus, 

insula and temporal pole as well as the effects in the lingual gyrus were absent in depression 

contrast. Overall there is big similarity in the effect patterns with the two contrasts in the frontal and 

parietal lobe. These similarities are shown in figure 4. 

 

 

 

Figure 4. Comparing negative association between GMD and BDI-II- and ECR-

avoidance-scores. The data are thresholded p<0.05, FDR-corrected. 

 

 

3.5 Effects of anxiety scores on GMD 
 
Positive STAI score contrast revealed one effect cluster. GMD in the temporal lobe and in the 

cerebellum was positively associated with STAI score. Middle parts of the fusiform gyrus and the 

hippocampal area showed  positive association too. Hippocampal effects were located right next to 

the amygdala bilaterally, some effects could be seen in the amygdala and parahippocampal gyrus as 

well. Positive association with STAI score was found in the cerebellum, in the inner parts of the 
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cerebellar cortex around the white matter as well. Inferior and middle temporal and inferior 

occipital lobes showed positive association too. Results are illustrated in figure 5. 

 

 

 

Figure 5. Positive association between GMD and STAI-score, the data are 

thresholded p<0.05, FDR-corrected. 

 

4 Discussion 
 
Our main finding was that self-reported depression, anxiety and avoidant adult romantic attachment 

scores were correlated with brain GM alterations. Depressive symptoms as well as avoidant adult 

romantic attachment trait were negatively correlated with GMD in the midline of the brain. Anxiety 

symptoms were positively correlated with GMD in the temporal lobes and cerebellum. These 

findings suggest that subclinical depression, anxiety symptoms and avoidant adult romantic 

attachment are correlated with widespread brain GM alterations.  

 

4.1 Subclinical depression and GMD 
 
Subclinical depression symptoms were negatively correlated with GMD in the medial prefrontal 

cortex, anterior and middle cingulum, supplemental motor area, paracentral lobule, superior parts of 
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precuneus, the superior and inferior parietal lobule, and the medial parts of the cuneus. The anterior 

cingulate has been negatively associated with subclinical depression in previous studies 12. GM in 

the hippocampus and amygdala have also been reported to have negative associations with 

subclinical depression 12, but we didn't find such effects in our study. Similarly to previous studies, 

we found no association between subclinical depression and GMD in the insula or  thalamus 12. It is 

also worth to mention that sex likely moderates the negative association between subclinical 

depression and GMD in the brain 22. In contrast to some previous studies 23 we found large effects 

in the anterior cingulate and other areas as well on a mixed population males and females.  

 

A 2017 with 177 healthy subjects found a positive correlation with the Symptom Checklist-90-

Revised (SCL-90-R) depression subscale score and GM volume in the pre- and postcentral gyri and 

left superior temporal cortex. The same study found negative correlation with the SCL-90-R 

somatization subscale and GM volume in the cerebellar vermis and right supplementary motor 

area.13  Our study did not find positive correlations between BDI-II score and GMD in the brain. 

Also, we found broad negative correlation effects in the midline of the brain in our study, but not in 

the cerebellar vermis. Differences between the results of our study to this study could be due to the 

different structures of the questionnaires used in each study. SCL-90-R differentiates between 

depression and somatization, BDI-II combines affective and somatic symptoms to produce an 

overall score for depressive symptoms. 

 

A 2016 longitudinal study with 358 healthy subjects found no significant relationship between 

current sub-threshold depressive symptoms and GM measures 24. Again, the definition of 

subclinical depression symptoms and the inclusion/exclusion criteria need to be considered when 

comparing studies. In this study, the Centre for Epidemiological Studies Depression (CES-D) 

questionnaire was used to measure current depressive symptoms. The percentage of subjects with 

depressive questionnaire scores above the clinical cutoff point in this study (CES-D>10) was 

similar compared to our study (BDI-II>12); 10% and 9.6% respectively. This study had a subject 

population of elderly people which could result in different results compared to our study.   

 

Our findings on subclinical depression partly resemble pervious findings in major depressive 

disorder (MDD) and bipolar disorder populations. Anterior cingulate cortex and medial prefrontal 

cortex have both been negatively associated with MDD and bipolar in previous studies 1,2. However 

other areas affected in MDD such as the insula or the thalamus were not affected in our study nor in 

previous studies on subclinical depression. Still, our study suggests that GM alterations in 

https://www-sciencedirect-com.ezproxy.utu.fi/topics/medicine-and-dentistry/temporal-cortex
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subclinical depression and MDD overlap to some extent with each other. These GM alterations in 

the anterior cingulate cortex and medial prefrontal cortex could be formed already in subclinically 

depressed individuals, and as symptoms progress, deeper subcortical structures such as the insula 

and the thalamus might get involved too. Effects on the superior medial prefrontal cortex, precuneus 

and the inferior parietal lobule suggest that the default mode network (DMN) has a role in the 

neurobiological base of subclinical depression. DMN is a resting-state network which is active 

during remembering, envisioning the future and during social inferences 25. As stated previously, 

major depression and bipolar disorder seem to be negatively correlated with some areas of the 

DMN such as the anterior cingulate and medial prefrontal cortex. 

 

4.2 Insecure adult romantic attachment trait and GMD 
 
We found that attachment avoidance was negatively associated with GMD bilaterally in the ACC, 

superior medial prefrontal cortex, supplemental motor area, paracentral lobule and lingual gyrus and 

unilaterally in the right side hippocampus, insula and temporal pole. We didn't find any statistically 

significant associations between attachment anxiety scores and GMD in the brain. Previous studies 

on insecure adult romantic attachment are scarce. A 2018 study with 192 healthy subjects found that 

anxious attachment compared to avoidant attachment was significantly more positively associated 

with brain GM volume in the left insula and in the pars opercularis of left inferior frontal gyrus 8. 

Another 2018 study with 106 healthy subjects found that attachment avoidance was negatively 

correlated with volume in the left middle temporal and right parahippocampal gyrus. The same 

study found that attachment anxiety was negatively correlated with the volume of the right ventral 

anterior cingulate gyrus. Also, in women attachment avoidance was negatively associated with 

volume in the right middle occipital gyrus, but in men the effect was opposite.9 A 2010 study with 

22 healthy young adults found that both attachment anxiety and avoidance were negatively 

correlated with left hippocampus GM concentration 10. Another 2010 study with 32 healthy subjects 

found that high attachment related-anxiety was associated with decreased gray matter in the anterior 

temporal pole and increased gray matter in the left lateral orbital gyrus and that attachment 

avoidance was not associated with any statistically significant  GM alterations 11. 

 

Interestingly we found that avoidant attachment yielded similar effects as subclinical depression. 

GMD in the midline of the brain, including anterior and middle cingulate, superior medial 

prefrontal cortex and parts of the supplemental motor area was negatively correlated with both 

subclinical depressive symptoms and avoidant attachment. The anterior cingulate and the superior 
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medial prefrontal cortex are part of the DMN. The structural involvement of DMN areas in both 

subclinical depression and avoidant attachment is an important finding. It suggests that the link 

between depression and insecure attachment has a common neurobiological basis and that DMN is 

involved in it. We also found that subclinical anxiety is not associated with GM alterations in the 

same midline area of the brain as subclinical depression and attachment avoidance. Our findings do 

not support a common structural neurobiological basis between depression or attachment avoidance 

and anxiety. The fact that attachment anxiety was not associated with any GM alterations, suggests 

that the link between insecure attachment and behavioral problems stems more from attachment 

avoidance on a structural level. A common structural correlate between depression symptoms and 

avoidant attachment could mean that these two disorders share some pathological processes 

together. It could be that avoidant attachment is a cause of subclinical depression or that it is an 

effect created by depressive symptoms. Whether this negative correlation with subclinical 

depression and avoidant attachment on GMD is due to over- or underuse of circuits running through 

these regions still remains speculative. 

 

4.3 Subclinical anxiety and GMD 
 
We found a positive association between the anxiety measuring STAI score and GMD in the 

amygdala, hippocampus, fusiform gyrus, cerebellum, parahippocampus and middle and inferior 

temporal lobe. We didn't find any negative correlations between STAI scores and GMD in the 

brain. Unlike with BDI-II and ECR-avoidance scores, there were no effects in key areas of the 

DMN such as the anterior cingulate or precuneus. Majority of the previous studies on subclinical 

anxiety have found structural alterations in the amygdala, parahippocampus, orbitofrontal cortex 

and anterior cingulate. In a 2019 review, some studies found higher subclinical anxiety symptoms to 

correlate with higher GM volume in these areas, others with lower.12  

 

A 2015 study with 393 subjects found a positive association between trait anxiety and cortical 

thickness in amygdala, ACC, insula, OFC and temporal cortex, but found no effects for trait anxiety 

with GM volume 26. It is well established that aging is related with GM volume decrease 28,29. It 

could be, that subtle GMD changes are masked by age-related atrophy in older populations. A 2017 

study found that SCL-90-R anxiety subscale scores were positively associated with GM volume in 

the middle temporal gyrus, the Rolandic operculum, the middle cingular gyrus and the 

precuneus bilaterally 11. These findings differ from ours and this could be due to the differences 

between SCL-90-R and STAI questionnaires.  
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Some of our findings on subclinical anxiety and GMD were similar to previous findings on social 

anxiety disorder (SAD) and GMD. In a 2018 meta-analysis associations were found between SAD 

and GM volume in amygdala, hippocampus and middle and inferior temporal gyri, but in other 

areas as well 3. However these findings were rather inconsistent. Inconsistency could be due to 

many of these studies being underpowered to find subtle structural changes between healthy- and 

SAD-subjects.  

 

Our structural findings are partly in line with what is known about fear and anxiety related circuitry 

in the brain. We found higher anxiety symptoms to be correlated with higher GMD in the amygdala 

and hippocampus, which are known to play a central role in these circuits. Our findings also suggest 

cerebellar involvement in subclinical anxiety. Although, the cerebellum has previously been linked 

mainly with fine-tuning motor functions, recent studies have shown it's connections to fear- and 

anxiety-related areas in the brain and suggest that it has a role in fear- and anxiety-related circuits. 

We didn't find effects in other areas that are central in fear and anxiety related circuits such as the 

anterior cingulate or the prefrontal cortex.30 

 

5 Strengths and limitations 
 
Our study had a sufficiently large sample size; a total of 255 subjects, of which 250 completed BDI-

II, 221 STAI, 160 ECR-anxiety and 161 ECR-avoidance. We included only healthy subjects with 

no psychiatric illnesses. Because our subject population was made up of healthy controls from 

multiple different studies, the inclusion and exclusion criteria were not as strict and controlled as in 

a subject population tailored specifically for a single study. Also, we included subjects from 

different age groups and our broad age range of 19-58 might interfere with some of our findings. 

However age was not correlated with questionnaire scores. Every questionnaire used in our study 

was correlated p<0.001 with each other. This could results in false interpretations between brain 

structure alterations and questionnaire scores. Image acquisition was done with two different 

scanners, which means that image quality might vary between subjects. Finally, we used DARTEL 

in our VBM analysis, which improves inter-subject alignment compared to older VBM approaches. 
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6 Conclusions 
 
We provide new evidence for a common neural substrate between avoidant attachment and 

subclinical depression. GMD in the midline of the brain seems to be negatively associated with both 

subclinical depression and attachment avoidance. Avoidant attachment had a negative association 

with GMD unilaterally in the right side temporal lobe. Subclinical anxiety was not negatively 

correlated with GMD in the midline of the brain, but positively bilaterally in the temporal lobes. We 

also found evidence for cerebellar involvement in subclinical anxiety. These findings could 

stimulate future research in the subclinical mood disorder field as well as in the attachment style 

field. In the light of our new findings, there should be more studies done with rTMS and other 

neuromodulatory approaches focusing on the midline of the brain in depressive disorders. More 

longitudinal studies should be done on insecure attachment and it's effects on brain structure and 

depressive symptoms. Whether insecure attachment screening questionnaires should be used more 

broadly in healthcare, is a question that needs to be answered too. 
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