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Introduction

Electroconvulsive therapy (ECT) is the most effective anti-
depressant option for the treatment of major depression,1 
but the neurobiological underpinnings of treatment re-
sponse to ECT remain poorly understood. Convergent evi-
dence from neuroimaging research has pointed to an in-
crease in grey matter volume following ECT treatment. 

Although most structural MRI research into ECT has fo-
cused on increases in hippocampal and amygdalar volume 
with ECT,2–6 several recent studies have pointed to in-
creases in subcortical grey matter volume in other struc-
tures, including the caudate, putamen and thalamus.7–10 
A  recent report from the Global ECT-MRI Research Col-
laboration (GEMRIC) consortium suggested cortical and 
subcortical volume changes following ECT, with stronger 
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Background: Obesity is a frequent somatic comorbidity of major depression, and it has been associated with worse clinical outcomes 
and brain structural abnormalities. Converging evidence suggests that electroconvulsive therapy (ECT) induces both clinical improve-
ments and increased subcortical grey matter volume in patients with depression. However, it remains unknown whether increased body 
weight modulates the clinical response and structural neuroplasticity that occur with ECT. Methods: To address this question, we con-
ducted a longitudinal investigation of structural MRI data from the Global ECT-MRI Research Collaboration (GEMRIC) in 223 patients 
who were experiencing a major depressive episode (10 scanning sites). Structural MRI data were acquired before and after ECT, and 
we assessed change in subcortical grey matter volume using FreeSurfer and Quarc. Results: Higher body mass index (BMI) was asso-
ciated with a significantly lower increase in subcortical grey matter volume following ECT. We observed significant negative associations 
between BMI and change in subcortical grey matter volume, with pronounced effects in the thalamus and putamen, where obese partici-
pants showed increases in grey matter volume that were 43.3% and 49.6%, respectively, of the increases found in participants with nor-
mal weight. As well, BMI significantly moderated the association between subcortical grey matter volume change and clinical response 
to ECT. We observed no significant association between BMI and clinical response to ECT. Limitations: Because only baseline 
BMI values were available, we were unable to study BMI changes during ECT and their potential association with clinical and grey 
matter volume change. Conclusion: Future studies should take into account the relevance of body weight as a modulator of structural 
neuroplasticity during ECT treatment and aim to further explore the functional relevance of this novel finding.
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effect sizes in subcortical regions (d = 1.40) than in cortical 
regions (d = 1.01).8

Although changes in subcortical grey matter volume have 
been shown consistently following ECT, the relationship be-
tween change in grey matter volume and clinical response to 
ECT remains unclear. The extant literature on associations 
between neurostructural and clinical responses to ECT has 
revealed diverging results:11 some studies have reported as-
sociations between increased grey matter volume and de-
pressive symptoms,4,5 and other studies did not find evidence 
for such a relationship, particularly in the hippocampus.2,3,12 
Such disparities in terms of the presence and anatomic speci-
ficity of such relationships raise the question of whether un-
discovered factors might modulate the association between 
ECT, change in grey matter volume and clinical response in 
major depression.

Emerging evidence suggests that obesity, a frequent so-
matic comorbidity of affective disorders, is associated with 
clinical and neurobiological correlates of major depres-
sion.13–16 More precisely, obesity and an elevated body mass 
index (BMI) have been associated with increased risk for the 
future development of major depression,14 poorer clinical re-
sponse to antidepressant pharmacotherapy17 and a more 
chronic course of the disorder.13 Cross-sectional and longi
tudinal studies have consistently demonstrated that in-
creased BMI and obesity are associated with cortical and sub-
cortical brain structural abnormalities.16,18–21 Obesity has 
frequently been associated with reduced grey matter in simi-
lar subcortical structures for which ECT volume effects have 
been described, including the amygdala, hippocampus, thal-
amus, caudate nucleus and putamen.13,19,22 It has been sug-
gested that obesity-related chronic low-grade inflammation 
induces neurotoxicity via kynurenine pathway activation23,24 
and potentially via hypothalamic–pituitary–adrenal axis 
deviation,15 and might therefore constitute a key mechanism 
behind the brain structural abnormalities frequently ob-
served in obesity.15,25

Importantly, obesity-related brain structural abnormalities 
have been observed both in healthy people and people with 
depression,13,26 and these effects have also been associated with 
disease chronicity13 and previous exposure to antidepressant 
medication in patients with depression.26 Further, a recent lon-
gitudinal imaging study supported a prospective association 
between worse course of illness, weight gain and grey matter 
volume reductions in people with an affective disorder.27

In summary, previous research has reported associations 
between BMI, clinical outcomes and brain structure in people 
with affective disorders, and the most consistent evidence is 
for overlapping effects of obesity and ECT on subcortical 
grey matter volume. Therefore, it appeared relevant to inves-
tigate whether BMI modulates subcortical brain structural 
changes and clinical response following treatment with ECT. 
To the best of our knowledge, no study has explicitly ad-
dressed this research question to date. We aimed to investi-
gate associations between baseline BMI, change in subcortical 
grey matter volume and clinical response to ECT in patients 
with depression. We hypothesized that increased BMI would 
reduce the extent of the increase in subcortical grey matter 

volume following ECT; be associated with poorer clinical re-
sponse to ECT; and moderate the association between change 
in subcortical grey matter and clinical response to ECT.

Methods

Participants

The present study included data from 10 sites and 223 pa-
tients experiencing a major depressive episode (n = 200 pa-
tients with major depressive disorder; n = 23 patients with bi-
polar disorder; 57.8% female; mean age ± standard deviation 
[SD] = 52.8 ± 16.6 years; mean BMI ± SD = 25.8 ± 6.4 kg/m2) 
from the GEMRIC consortium28 for whom BMI and complete 
structural MRI data were available. Patients were scanned 
before ECT (within 1 week before the first ECT session) and 
after ECT completion (typically within 1 to 2 weeks after the 
final ECT session of the index series). Depressive symptoms 
were rated using the Montgomery–Åsberg Depression 
Rating Scale (MADRS). For sites that had used the Hamilton 
Depression Rating Scale, we used a validated equation to 
convert those scores to MADRS scores.29 We assessed depres-
sive symptom change using absolute change in MADRS 
scores before and after ECT (ΔMADRS).

We categorized baseline body weight status using 
BMI (kg/m2). Patients were assigned to subgroups based 
on established BMI cut-offs (normal weight 18.5–25 kg/m2, 
n = 95; overweight 25–30 kg/m2, n = 74; obese > 30 kg/m2, 
n = 41). Because of our focus on increased BMI in the pres-
ent study, we did not include patients who were under-
weight (BMI < 18.5 kg/m2, n = 13) in group analyses based 
on BMI cut-offs.

For a detailed description of ECT parameters separated by 
site see Oltedal and colleagues.28 All contributing sites re-
ceived ethics approval from their local ethics committee or 
institutional review board. The centralized mega-analysis 
was approved by the Regional Ethics Committee South-East 
in Norway (#2018/769).

Image acquisition and postprocessing

In brief, we acquired 3-dimensional T1-weighted structural 
images with a minimum resolution of 1.3 mm in any dimen-
sion at both time points using 1.5 T (1 site) or 3 T (9 sites) 
scanners. Image processing and analysis were performed 
using a pipeline optimized to increase the statistical power 
for detecting longitudinal cortical and subcortical anatomic 
change. The raw Digital Imaging and Communications in 
Medicine (DICOM) images and clinical/demographic infor-
mation for individual patients and controls were transferred 
to a centralized data portal for common analyses. Images 
were corrected for distortions caused by scanner-specific 
nonlinear gradient warp,30 registered to a common atlas 
space and resampled to an isotropic 1 mm3 spatial resolution. 
Subcortical segmentations were performed using FreeSurfer 
version 5.3.31 Next, we used Quarc32 for unbiased estimates of 
volume change from pre- to post-treatment in all regions of 
interest, as previously described.2,32 Analyses of subcortical 
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grey matter volume for the present study included the left 
and right thalamus proper, the caudate, the putamen, the 
pallidum, the hippocampus, the amygdala and the nucleus 
accumbens. We ensured the quality of the segmentation by 
using procedures adapted from the Enhancing Neuro Im
aging Genetics through Meta-Analysis (ENIGMA) consor-
tium (http://enigma.usc.edu/).33,34 For a detailed description 
of MRI parameters separated by site and the GEMRIC image 
processing pipeline, see previous GEMRIC publications.8,28

Statistical analyses

We performed statistical analyses in SPSS (version 25; IBM) 
to test the 3 formulated hypotheses by conducting 1 main 
analysis (1 statistical model) per hypothesis to address 
the following.

We explored associations between baseline BMI and 
change in subcortical grey matter volume during ECT. Be-
cause no regionally specific hypothesis had been formulated, 
we applied a multivariate linear model (multivariate analysis 
of covariance) as the main analysis to test our hypothesis that 
simultaneously included grey matter volume change in all 
14  subcortical regions as dependent variables. We included 
BMI as a predictor and age, sex, site and baseline total intra-
cranial volume as nuisance regressors. We also conducted 
univariate follow-up analyses separately for each subcortical 
brain region to assess regional effect sizes of changes in sub-
cortical volume. To further describe change in subcortical 
grey matter volume for patients who were normal weight, 
overweight and obese, we formed subgroups based on estab-
lished BMI cut-offs and displayed the mean absolute change 
in grey matter volume for each subgroup.

We assessed the association between BMI and clinical out-
comes following ECT using regression analysis between 
baseline BMI and ΔMADRS.

To investigate whether BMI significantly moderated the as-
sociation between change in subcortical grey matter volume 
and clinical symptom improvement, we applied a multivari-
ate model similar to the one exploring associations between 
baseline BMI and subcortical grey matter volume change 
during ECT by simultaneously including grey matter volume 
change in all 14 subcortical regions as dependent variables. 
We investigated the interaction term BMI × ΔMADRS and 
the main effects of BMI and ΔMADRS again by controlling 
for age, sex, site and baseline intracranial volume. To further 
delineate the direction of interaction effects, we investigated 
the association between change in grey matter volume and 
ΔMADRS in the subgroups described above (normal weight, 
overweight, obese).

Results

Participants 

The clinical and sociodemographic characteristics of the total 
sample, as well as information about ECT electrode place-
ment (right unilateral, bifrontotemporal and bitemporal) and 
medication, are detailed in Table 1. 

Association between BMI and change in subcortical grey 
matter volume during ECT

The multivariate model controlling for age, sex, site and 
intracranial volume yielded a significant association between 
baseline BMI and change in subcortical grey matter following 
ECT, indicating that BMI accounted for an estimated variance 
of 14.8% of the volume change (Wilks λ = 0.852, F14,171 = 2.481, 
p = 0.013, η2 = 0.148). We observed the same pattern of results 
in sensitivity analyses controlling for the total number of ECT 
sessions, baseline MADRS score, antidepressant medication 
use and ECT electrode placement (see Appendix 1, available 
at jpn.ca/200176-a1).

Follow-up univariate tests of each region controlling for 
age, sex, site and intracranial volume indicated the most pro-
nounced associations between BMI and subcortical grey mat-
ter volume change in the left thalamus (F1,184 = 8.220, p = 0.005, 
η2 = 0.043) and the left putamen (F1,184 = 7.654, p = 0.006, η2 = 
0.040; Appendix 1, Table S1). We performed post hoc bivari-
ate correlational analyses between BMI and regional grey 
matter volume change to determine the direction of associa-
tion, and we found that BMI was negatively correlated with 
grey matter volume change in the left thalamus (r = −0.283, 
p  < 0.001) and the left putamen (r = −0.281, p < 0.001; 
Figure 1). Exploratory correlational analyses including all sub-
cortical regions yielded a consistent pattern of negative cor
relations between BMI and subcortical grey matter volume 
change in patients following ECT (Appendix 1, Table S2).

Consistent with the significant negative associations be-
tween BMI and subcortical grey matter volume change in the 
left thalamus and the left putamen described above, post hoc 
comparisons indicated an increase in subcortical grey matter 
in the thalamus and putamen following ECT treatment in the 
normal-weight group (grey matter volume change, mean ± 
SD; left thalamus 0.0120 ± 0.0116; left putamen 0.0137 ± 
0.0121). The overweight group showed grey matter volume 
increases that were 80% and 71.5%, respectively, of the in-
creases found in the normal-weight group (grey matter vol-
ume change, mean ± SD; left thalamus 0.0096 ± 0.0095; left 
putamen 0.0098 ± 0.0108). The obese group showed grey 
matter volume increases that were 43.3% and 49.6%, respec-
tively, of the increases found in the normal-weight group 
(grey matter volume change, mean ± SD; left thalamus 0.0052 
± 0.0108; left putamen 0.0068 ± 0.0106; Figure 2). 

Supplementary analyses also revealed an association be-
tween BMI and baseline subcortical grey matter volume that 
was driven mainly by positive associations between BMI and 
baseline grey matter volume in the bilateral putamen, amyg-
dala and thalamus (Appendix 1). Additional sensitivity 
analyses of associations between BMI and changes in subcor-
tical grey matter volume that accounted for regional subcorti-
cal grey matter volume at baseline further confirmed our 
main findings (Appendix 1).

Associations between BMI and clinical variables

Regression analysis of the effect of BMI on absolute change 
in MADRS score following ECT did not reach significance, 
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Table 1: GEMRIC sample, clinical and sociodemographic characteristics

Characteristic Value* Participants†

Age, yr 52.83 ± 16.30 223

Body mass index, kg/m2 25.80 ± 5.46 223

Montgomery–Åsberg Depression Rating Scale

Baseline score 34.54 ± 8.25 221

Post-treatment score 15.44 ± 11.55 219

Change in score 19.24 ± 12.96 218

% Change 54.50 ± 32.88 218

Age at first depression treatment, yr 36.64 ± 15.63 80

Time since first depression treatment, yr 11.09 ± 11.65 80

No. of depressive episodes 6.08 ± 11.77 130

Duration of current episode, wk 16.25 ± 24.80 139

No. of ECT treatments 11.42 ± 4.83 220

ECT electrode placement —

Right unilateral only 137 —

Right unilateral ≥ bitemporal 31 —

Right unilateral ≥ bifrontotemporal 1 —

Bitemporal only 32 —

Bitemporal ≥ right unilateral 2 —

Bifrontotemporal only 20 —

Medication —

Antidepressant 104 —

Selective serotonin reuptake inhibitor 33 —

Serotonin–norepinephrine reuptake inhibitor 52 —

Tricyclic antidepressant 22 —

Antipsychotic 87 —

Mood stabilizer 13 —

Lithium 11 —

Benzodiazepine 51 —

ECT = electroconvulsive therapy; GEMRIC = Global ECT-MRI Research Collaboration.
*Data are presented as mean ± standard deviation or n.
†The number of participants varied because data were missing for some variables. 

Figure 1: Scatter plots depict the association between body mass index and change in subcortical grey matter volume (%) following treatment 
with electroconvulsive therapy. (A) Left thalamus (r = –0.283, p < 0.001). (B) Left putamen (r = –0.281, p < 0.001).
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although the slopes indicated less absolute change in MADRS 
scores before and after ECT with higher BMI (β = –0.094, p = 
0.17, n = 218). We found no significant association between 
BMI and absolute change in MADRS score in regression 
analyses controlling for baseline MADRS score (β = –0.028, 
p = 0.64, n = 218). 

Clinical response was defined as symptom reduction of 
50% or greater according to the MADRS. Mean BMI was 
greater in nonresponders (n = 72; BMI [mean ± SD] = 26.25 ± 
6.17 kg/m2) than in responders (n = 134; BMI = 25.72 ± 
5.25 kg/m2), but these differences were also not significant 
(t1,204 = 0.646, p = 0.52). At near-threshold significance, higher 
BMI was reflective of lower baseline depressive symptoms 
before ECT according to MADRS sum score (β = −0.130, p = 
0.054, n = 221) and with a higher number of lifetime depres-
sive episodes (β = 0.170, p = 0.053, n = 130).

Similarly, we observed no significant associations be-
tween BMI and change in MADRS score (F1,217 = 1.531, 
p = 0.22) or clinical response (F1,205 = 0.425, p = 0.52) in linear 
models that also controlled for the presence and type of 
antidepressant medications.

We observed no significant association between BMI 
and total number of ECT sessions; slopes suggested fewer 
ECT sessions in patients with a higher BMI (β = −0.091, p = 
0.18, n = 223).

Role of body weight in the association between grey matter 
volume change and depressive symptoms

The multivariate model yielded a significant BMI × ΔMADRS 
interaction effect on change in subcortical grey matter vol-
ume (Wilks λ = 0.869, F14,167 = 1.798, p = 0.042, η2 = 0.131). Fur-
thermore, we found a significant main effect of ΔMADRS on 

change in subcortical grey matter volume (Wilks λ = 0.859, 
F14,167 = 1.964, p = 0.023, η2 = 0.141), but no significant main 
effect of BMI on change in subcortical grey matter volume 
(Wilks λ = 0.946, F14,167 = 0.687, p = 0.79, η2 = 0.054).

Again, we observed the same pattern of results in addi-
tional sensitivity analyses controlling for the total number of 
ECT sessions, baseline MADRS score, antidepressant medica-
tion use and ECT electrode placement (Appendix 1).

Univariate follow-up analyses indicated that the interac-
tion was driven primarily by BMI × ΔMADRS effects in the 
left and right thalamus (left: F1,180 = 6.736, p = 0.010, η2 = 0.036; 
right: F1,180 = 6.682, p = 0.011, η2 = 0.036; Appendix 1, Table S3). 
To further delineate the differential association between 
change in subcortical grey matter volume and clinical re-
sponse, we conducted correlational analyses in subgroups 
stratified by body weight. Our findings suggested that the 
observed interaction was driven by positive associations 
between change in subcortical grey matter volume and 
ΔMADRS in the normal-weight group (left thalamus: r = 
0.255, p = 0.017; right thalamus: r = 0.207, p = 0.055), and neg-
ative associations between change in grey matter volume and 
ΔMADRS emerged in both the overweight group (left thala-
mus: r = −0.153, p = 0.23; right thalamus: r = −0.153, p = 0.22) 
and the obese group (left thalamus: r = −0.300, p = 0.08; right 
thalamus: r = −0.362, p = 0.033; Figure 3).

Discussion

The present study provides the first evidence for the rele-
vance of BMI as a moderating factor of brain structural 
changes following ECT and their association with treatment 
outcome in patients with depression. We demonstrate that in-
creased body weight modulates increases in subcortical grey 

Figure 2: Bar graphs depict mean change in subcortical grey matter volume (%) in subgroups stratified by body mass index (normal weight 
18.5–25 kg/m2; overweight 25–30 kg/m2; obese > 30 kg/m2). (A) Left thalamus. (B) Left putamen. Error bars: 95% confidence intervals. 
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matter volume following ECT. Moreover, body weight mod-
erated the association between change in subcortical grey 
matter volume and clinical response to ECT. Specifically, in-
creased grey matter volume in the thalamus was positively 
associated with a decrease in depressive symptoms in patients 
of normal weight, but an inverse association between change 
in subcortical grey matter volume and change in symptoms 
emerged in patients who were overweight and obese.

The first main finding of the present work was the negative 
association between BMI and change in subcortical grey mat-
ter volume following ECT in patients with depression. This 
finding holds several novel insights and relevant implica-
tions for future research that warrant further discussion. Our 
results demonstrated that higher BMI was associated with a 
linearly decreasing magnitude of change in subcortical grey 
matter volume. Comparable longitudinal studies on the BMI-
related effects of grey matter volume change in major depres-
sion have been largely lacking up to now, but a report by 
Bond and colleagues27 on a prospective association between 
weight gain and grey matter decrease in patients with bipolar 
disorder appears to support the presented findings. As ex-
pected, we found that patients in the normal-weight group 
showed an overall increase in subcortical grey matter volume 
following ECT. This result was well in line with many find-
ings from the literature demonstrating increases in subcorti-
cal grey matter volume during ECT in major depression.2,8,11,35

Interestingly, the increase in subcortical grey matter vol-
ume was reduced as a function of body weight: change in 

subcortical grey matter volume was reduced by more than 
half in patients who were obese compared to those of normal 
weight. Of note, post hoc univariate analyses indicated the 
most pronounced negative associations between BMI and 
subcortical grey matter volume change in the left thalamus 
and putamen. This finding was in line with previous findings 
from the literature on obesity-related brain functional and 
structural alterations in the thalamus and striatum.16,36 It ap-
pears plausible that a potential moderating effect of BMI on 
brain structural restoration following ECT might be particu-
larly present in these obesity-related regions. Regarding the 
observed lateralization of our findings in the left hemisphere, 
it appears important to consider that we found no indication 
of a potential bias due to electrode placement; hence, the 
nature and implication of the observed lateralization effect 
remains uncertain. Similarly, the clinical relevance of the 
observed effect sizes for the association between subcortical 
grey matter volume change and BMI remains unclear and 
warrants further clarification.

It is also important to acknowledge that the relationship 
between BMI and the reduced change in subcortical grey 
matter volume shown here was driven primarily by effects in 
subcortical regions for which pronounced ECT-related vol-
ume increase has been reported previously7,8,11 but that are 
still somewhat underinvestigated compared to the frequently 
reported ECT-induced changes in the hippocampus and the 
amygdala. In fact, change in hippocampal grey matter — one 
of the most frequently reported neuroimaging findings in 

Figure 3: Interaction effect of change in depressive symptoms (assessed by change in MADRS sum score) and body weight on change in 
subcortical grey matter volume in the left thalamus (%). Subgroups were stratified by body mass index (normal weight 18.5–25 kg/m2; over-
weight 25–30 kg/m2; obese > 30 kg/m2). MADRS = Montgomery–Åsberg Depression Rating Scale.
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ECT research — was not significantly associated with BMI in 
our regional analyses, and thus appears to be unaffected by 
body weight status before ECT.

Because higher BMI was associated at a trend level with 
fewer baseline depressive symptoms, it appears relevant to 
consider that differences in depressive symptom profiles be-
tween patients might have contributed to the present find-
ings, although sensitivity analyses controlling for overall 
baseline symptom load confirmed our findings.

Our second main finding was that body weight signifi-
cantly moderated the association between change in subcorti-
cal grey matter volume and clinical symptom improvement. 
In the present study, we found a positive association between 
change in grey matter volume in the thalamus and clinical re-
sponse in patients with normal weight, and an inverse associ-
ation in patients who were overweight and obese. This find-
ing adds to the notion that body weight critically interferes 
with brain structural changes during ECT and suggests a link 
between body weight, brain structural changes and clinical 
outcomes following ECT. As outlined in the introduction, the 
published literature on the associations between change in 
grey matter volume and clinical response to ECT is inconsis-
tent. Our findings might help to explain this inconsistency. 
Because none of the previous imaging ECT studies accounted 
for BMI, previous reports on associations between change in 
grey matter volume and clinical response to ECT may have 
been biased by the differential distribution of BMI across 
study samples. Future ECT studies should account for and 
explicitly test body-weight-related associations with clinical 
and neurobiological changes following ECT.

Considering the complex etiological background of obe-
sity involving multiple interrelated genetic and environmen-
tal factors,37 our finding of a body-weight-dependent rela-
tionship between increases in subcortical grey matter 
volume and clinical response to ECT points to the impor-
tance of considering environmental and genetic factors that 
could modify both neural and clinical response to ECT38 
to expand our understanding of the neurobiological mech-
anisms of ECT. Furthermore, the present study raises 
important questions about the potential mechanisms 
underlying the association between BMI, brain structural 
changes and clinical response during ECT. It has frequently 
been suggested that low-grade inflammation, hypothalamic–
pituitary–adrenal axis deviation and impaired neuroendo-
crine regulation represent shared biological mechanisms of 
obesity and major depression.15

More precisely, evidence from previous research suggests 
that BMI-related immunometabolic deviation such as a shift 
in circulating inflammatory cytokines, fatty acids and im-
mune cells could induce central inflammation, leading to 
synaptic remodelling and neurodegenerative processes39 that 
could represent one explanation for our finding of a lower 
BMI-related increase in subcortical grey matter volume fol-
lowing ECT. Furthermore, the relevance of imbalances in the 
kynurenine pathway, leading to neurotoxic effects, is well es-
tablished in both obesity and depression, and represents an-
other promising candidate mechanism behind the mutual as-
sociations between body weight, depressive phenotype and 

brain structure.23,25,40,41 The latter notion is further supported 
by reports demonstrating associations between inflamma-
tion, kynurenine pathway metabolites and brain structural 
volume decline in patients with depression40 and schizophre-
nia.42 Furthermore, preliminary evidence suggests that ECT 
might interfere with serum concentrations of kynurenine 
pathway metabolites.43 Future ECT research should explore 
whether these mechanisms might explain the pattern of re-
sults observed in the present work.

We did not observe a significant association between in-
creased BMI and overall poorer clinical response following 
ECT in patients with depression. Future research on ECT 
should explore the potential predictive relevance of body 
weight in patients with depression in other study samples 
before firm conclusions can be drawn.

Limitations

The present study had strengths and limitations. Strengths 
included the relatively large sample size compared with pre-
vious ECT studies. Limitations included the lack of informa-
tion about weight change following ECT. All of our results 
were based on baseline BMI values, so we were unable to 
study changes in body weight during ECT and their potential 
associations with clinical outcomes and change in grey mat-
ter volume following ECT. Furthermore, the present data set 
did not allow us to differentiate between depression sub-
types that might be relevant in studying BMI-related neuro-
biological alterations.44 Because recent studies have sug-
gested that the presence and extent of obesity-related 
biological alterations in depression might depend on the 
presence of atypical depressive symptoms,44,45 future studies 
should aim to clarify the potential associations between dis-
tinct depressive subtypes and change in grey matter volume, 
as well as response to ECT.

Moreover, the absence of further metabolic or anthropo-
metric measures such as waist-to-hip ratio, body fat and met-
abolic and inflammatory serum markers at baseline and 
follow-up should be acknowledged. Cardiovascular factors 
closely related to increased BMI—such as insulin resistance,46 
elevated HbA1c,47 physical endurance48 and cardiopul
monary fitness49 — have been associated with brain structural 
abnormalities and might have contributed to the findings of 
the present study. Because of our design, causality could not 
be inferred, and it is important to consider that further undis-
covered factors might have contributed to the changes we 
observed in subcortical grey matter volume. Future studies 
should consider including such data to further delineate the 
mechanisms underlying the associations we have reported. 
Future research might also investigate whether altered electric 
field properties50 in obese patients could contribute to the re-
ported changes in grey matter volume following ECT. Finally, 
future work should consider analyzing imaging measures 
that were beyond the scope of the present study, such as sub-
cortical shape, cortical thickness, surface or gyrification 
change following ECT in relation to BMI.

Because subgroup analyses excluding patients who were 
underweight confirmed our main findings, we assume that our 
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results were not substantially biased by severe underweight. 
This point is relevant because severe underweight status as ob-
served in anorexia nervosa has repeatedly been associated with 
brain structural abnormalities.51 Furthermore, in light of previ-
ous reports on age-dependent associations between BMI and 
brain structure,16 the mean age of our sample should be taken 
into consideration; for example, it might prevent a direct com-
parison with findings from the domain of dementia research.52

Conclusion

The present study sheds light on the relevance of body 
weight as a relevant factor that modulates brain structural 
changes during ECT and their association with treatment 
outcome. Future research on ECT should account for body 
weight and aim to further unravel the neurobiological mech-
anisms and clinical implications of this finding.
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