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A B S T R A C T   

Background: Non-suicidal self-injury (NSSI), typically observed in the context of various mental disorders, rep-
resents a highly prevalent and serious problem among adolescents. Based on studies linking NSSI with stress, 
alterations in hypothalamic-pituitary-adrenal (HPA) axis functioning have been suggested to contribute to the 
development and maintenance of this behavior. While research has mainly focused on cortisol - the main hor-
monal output of this system - to our knowledge, no study has examined pituitary gland volume (PGV) - an 
alternative approach of assessing HPA axis functionality that is less state-dependent - in adolescents engaging in 
NSSI. 
Methods: Magnetic Resonance Imaging (MRI) was performed among n = 35 adolescents (aged 12–17 years) 
fulfilling the diagnostic criteria for NSSI disorder according to DSM-5 and n = 31 age-matched healthy controls; 
PGV was obtained by manual tracing. To test for group differences - our primary aim - a hierarchical linear 
regression model was computed, controlling for several potential confounding variables. Since adolescence re-
flects a time period for significant brain development - including changes in PGV - we also tested for an age- 
dependent group effect. In a second step, we aimed to investigate whether differences in PGV are accounted 
for by the experience of childhood adversity or psychopathology. Finally, following an exploratory approach, the 
dimensional association between PGV and various clinical characteristics (e.g., frequency of NSSI) were 
explored. 
Results: No evidence was found for overall volumetric differences between healthy control participants and 
adolescents engaging in NSSI (p > 0.05) - recognizing that small effect size differences could not be detected in 
the present study - but group membership significantly interacted with age in predicting PGV (p = 0.02). 
Particularly, while PGV increased linearly with age in healthy controls (B = 61.39, SE = 14.94, p < 0.01), no 
corresponding association was found in NSSI patients (B = 16.83, SE = 12.20, p = 0.17). PGV was not related to 
adverse experiences during childhood and none of the clinical characteristics (e.g., frequency of NSSI) signifi-
cantly correlated with PGV (p > 0.05). 
Conclusion: These results provide preliminary evidence for alterations in pituitary maturation in adolescents 
engaging in NSSI, although replication in longitudinal studies with larger samples is warranted.   

1. Introduction 

Non-suicidal self-injury (NSSI) is defined as self-inflicted damage to 

body tissue without suicidal intent (Nock, 2010). NSSI typically first 
manifests during adolescence (Plener et al., 2015) and is observed in the 
context of various mental disorders (Ghinea et al., 2020). While a 
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substantial number of adolescents engage in NSSI at least once (17.2%; 
Swannell et al., 2014), rates of youths meeting the diagnostic criteria for 
NSSI disorder (DSM-5; American Psychiatric Association, 2013) and 
thus presenting with repetitive NSSI behavior are still remarkably high 
in the general population (6.7%; Zetterqvist et al., 2013). Even more, 
repetitive NSSI is highly prevalent in the clinical context, with rates of 
up to 60% observed among adolescent inpatient samples (e.g., Kaess 
et al., 2013). NSSI seems particularly relevant in the context of 
borderline personality disorder (BPD), with data from longitudinal 
studies suggesting that this behavior predicts later BPD features (Ghinea 
et al., 2019). Critically, a history of NSSI represents an important risk 
factor for suicidality (e.g., Koenig et al., 2017a), highlighting the 
importance of studying NSSI and its underlying biological mechanisms. 

A growing number of findings suggest an important role of stress 
experiences, including the experience of early life adversity, in the eti-
ology of NSSI (Liu et al., 2018; Miller et al., 2019). The experience of 
stress, in turn, is closely associated with hypothalamic-pituitary-adrenal 
(HPA) axis activity, one of the body’s stress response systems (Nicolaides 
et al., 2015). As heightened stress typically precedes acts of NSSI and 
considering that the HPA axis represents one biological system centrally 
involved in the human stress response, it has been suggested that 
changes in the functioning of this system may constitute one biological 
mechanism that contributes to the occurrence and maintenance of NSSI 
behavior (e.g., Kaess et al., 2021). Providing some support for this 
assumption, studies have found a blunted cortisol response to psycho-
social stress in adolescents engaging in NSSI compared to healthy con-
trols or depressed patients without such behavior (Kaess et al., 2012; 
Klimes-Dougan et al., 2019). In fact, it has been suggested that NSSI may 
actually help to compensate for the observed inappropriate cortisol 
response to psychosocial stressors, as painful stimulation itself repre-
sents a powerful trigger for HPA axis activity in adolescents with NSSI 
(Koenig et al., 2017b). There is relatively strong evidence linking a 
corresponding pattern of HPA axis dysregulation to chronic stress ex-
periences (Miller et al., 2007), particularly those experiences early in life 
(Bunea et al., 2017), which, as noted before, represent an important risk 
factor for the development of NSSI. Accordingly, it is currently unclear 
whether a blunted cortisol stress response, as it has been observed 
among adolescents engaging in NSSI, actually represents the result of 
chronic stress experiences and thus precedes the onset of NSSI, or rather 
reflects a consequence thereof. When secreted in excess - e.g., under 
prolonged stress exposure - cortisol can have deleterious effects on the 
body and the brain (Feelders et al., 2012). Thus, a corresponding 
downregulation may indeed serve an adaptive function that protects the 
body from these negative effects, an idea subsumed under the so-called 
“attenuation hypothesis” (e.g., Kaess et al., 2018). Although likely 
adaptive at first, there is growing evidence linking a blunted cortisol 
stress response not only to NSSI, but also to several other adverse 
behavioral and health outcomes (Turner et al., 2020). In summary, 
regardless of the actual underlying cause (e.g., chronic stress or/and 
genetic predisposition), changes in the activity of the HPA axis may 
reflect one pathophysiological pathway that contributes to the occur-
rence and maintenance of NSSI behavior. 

While biochemical characterization remains the gold-standard for 
assessing HPA axis functionality, assessment of cortisol is heavily 
influenced by state factors (e.g., menstrual cycle, illness) and thus sub-
jected to high inter- and intra-individual variability (Zänkert et al., 
2019). Moreover, assessing cortisol in blood or saliva does not reveal 
information about the origin of the observed dysfunction - i.e., at what 
level along the axis changes may occur that could explain altered HPA 
axis output. Assessment of pituitary gland volume (PGV) by structural 
Magnetic Resonance Imaging (MRI) can be considered an alternative 
approach of assessing HPA axis function that is less state-dependent and 
reflects more of a proximal trait. Nevertheless, the pituitary gland can 
undergo volumetric changes in response to functional demands, 
including for instance the onset of puberty (e.g., Wong et al., 2014). 
There are now several longitudinal studies that found greater baseline 

PGV and accelerated PGV growth in adolescent participants with early 
life adversity, which has been interpreted by the authors as reflecting a 
state of HPA axis hyperactivity (Farrow et al., 2020; Ganella et al., 
2015). Another longitudinal study was able to show that increased PGV 
in early-adolescence predicted lower cortisol secretion (cortisol awak-
ening response) in mid-adolescence, but only in those participants with 
relatively high levels of childhood maltreatment, supporting the previ-
ously mentioned “attenuation-hypothesis” (Kaess et al., 2018). Finally, 
structural changes of PGV have been found in various stress-related 
mental disorders, although a lot of inconsistencies exist between find-
ings (Anastassiadis et al., 2019). To our knowledge, however, no pre-
vious study has investigated PGV in an adolescent patient sample 
fulfilling diagnostic criteria for DSM-5 NSSI disorder. 

Therefore, the first aim of the present study was to test for differences 
in PGV between adolescents engaging in NSSI and healthy controls, 
while controlling for several potential confounding variables. Based on 
the literature linking the experience of prolonged stress to NSSI and HPA 
axis hyperactivity (at least before a corresponding attenuation may 
follow over time), as well as findings relating stress, particularly chronic 
stress, to PGV enlargement, we hypothesized that patients engaging in 
NSSI show lager PGV compared to healthy control participants. In 
addition, considering the finding that chronic stress has been related not 
only to greater PGV assessed at a particular point in time but also to 
accelerated growth of the PGV over time, and considering that the PGV 
still increases during adolescence before peaking in size in mid-20s to 
early 30s and declining thereafter (e.g., Anastassiadis et al., 2019), as 
part of an exploratory approach, we also tested for an age-dependent 
group effect. Thus, accordingly, adolescents engaging in NSSI may 
show lager PGVs at younger ages compared to their healthy control 
participants. Secondly, based on the literature relating adverse child-
hood experiences - which typically reflect the experience of chronic 
stress - to greater baseline PGV or accelerated PGV growth, we aimed to 
investigate whether differences in PGV would be better accounted for by 
the experience of childhood adversity or psychopathology (i.e., NSSI). 
Finally, the third aim of this study, following an exploratory approach, 
was to explore dimensional associations between PGV and clinical 
characteristics of NSSI frequency, suicidality and the number of BPD 
criteria fulfilled in patients with NSSI. 

2. Methods 

2.1. Participants 

Adolescents between 12 and 17 years who had engaged in NSSI on at 
least 5 days during the last 12 months were consecutively recruited from 
the specialized outpatient clinic for adolescent risk-taking and self-harm 
behavior (AtR!Sk; “Ambulanz für Risikoverhalten & Selbstschädigung”) 
and from inpatient units at the Clinic of Child and Adolescent Psychia-
try, University Hospital Heidelberg, Germany. Healthy participants who 
had never engaged in NSSI and who had neither received a psychiatric 
diagnosis in their lifetime nor undergone psychiatric treatment were 
recruited via public advertisement. Adolescents with acute psychotic 
symptoms, acute suicidality, poor knowledge of the German language, 
adolescents who were taking glucocorticoid-containing medications, 
reporting any neurological or endocrinological disorder, or those with a 
contraindication to MRI (e.g., claustrophobic, pregnant, mental im-
plants, history of brain injury) were not included. The study was 
approved by the institutional ethics committee of the Medical Faculty, 
University of Heidelberg and was performed in accordance with the 
Declaration of Helsinki. All participants and their parents/caregivers 
gave informed and written consent. For further details on study pro-
cedure see Ando et al. (2018) and Reichl et al. (2016; as well as the 
Supplementary Material). 
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2.2. Psychological measures 

Prior to the MRI scanning session, NSSI and healthy control partic-
ipants underwent structured clinical assessments by specifically trained 
clinicians at the University Hospital Heidelberg. During this clinical 
session, socio-demographic and lifestyle-related information (e.g., age, 
sex, body mass index (BMI), medication intake, smoking behavior and 
substance abuse in the past three months and physical activity), data on 
clinical diagnoses, including BPD symptoms, NSSI history, and infor-
mation related to the experience of childhood adversity were collected. 
Psychiatric diagnoses were assessed by means of the Mini-International 
Neuropsychiatric Interview for Children and Adolescents (M.I.N.I.-KID; 
Sheehan et al., 2010), a semi-structured interview for the assessment of 
axis I psychiatric disorders according to DSM-IV and ICD-10. BPD 
symptomatology was assessed with the corresponding module of the 
German version of the Structured Clinical Interview for DSM-IV Personality 
Disorders (SKID II; Fydrich et al., 1997), with BPD being diagnosed if at 
least five of the nine criteria were met for a duration of at least one year. 
Depressive symptoms over the past two weeks were assessed with the 
German version of the Beck Depression Inventory II (BDI-II; Beck et al., 
2001) and the occurrence, frequency and characteristics of a variety of 
suicidal and self-injurious thoughts and behaviors were assessed with 
the German version of the Self-Injurious Thoughts and Behaviors Interview 
(SITBI-G; Fischer et al., 2014). Finally, early adverse experiences were 
assessed with the German version of the Childhood Experiences of Care 
and Abuse Interview (CECA; Kaess et al., 2011). We focused on the sub-
scales antipathy, neglect, psychological, physical, and sexual abuse 
which can be rated on a 4-point scale ranging from 0 (no adversity/a-
buse) to 3 (severe adversity/abuse). A severity score was calculated by 
summing up all subscales, with higher scores reflecting more severe 
adversity. In addition, according to the CECA manual, each subscale can 
be dichotomized into none/mild versus marked/severe, reflecting the 
absence or the presence of the corresponding adversity. 

2.3. Image acquisition 

MRI was conducted on a Siemens Magnetom TrioTim Syngo 3T 
scanner with a 32-channel head coil (Erlangen, Germany). Anatomical 
images were acquired in the sagittal plane with the following sequence 
parameters: repetition time = 1900 ms, echo time = 2.52 ms, flip angle 
= 9◦, generating 192 T1-weighted contiguous 1.0 mm thick slices (voxel 
size = 1.0 × 1.0 × 1.0 mm). 

2.4. Image processing: pituitary volume 

T1-weighted images were visually checked for quality assurance and 
the pituitary gland was manually traced by two independent researchers 
(IML, SS) blinded to participant’s diagnosis using the MRIcron software 
package (https://www.nitrc.org/projects/mricron) following training 
by a board-certified neuroradiologist (NS). First, the pituitary gland 
(lying just beneath the optic chiasm) was identified in the midsagittal 
view (with the corpus callosum clearly visible). Then, we changed to the 
coronal plane, where the boundaries of the pituitary gland (diaphragma 
sellae, superiorly; the sphenoid sinus; inferiorly; cavernous sinuses, 
bilaterally) are best visualized (Pariante et al., 2004). All coronal slices, 
including the hyper-intense region in the posterior pituitary but 
excluding the infundibular stalk, were traced using the method 
described by Pariante et al. (2004) and Sassi et al. (2001). Finally, the 
tracing was checked in sagittal and axial planes and edited if necessary. 
Pituitary volume estimates (in mm3) were calculated by summing all 
voxels of all relevant slices. Finally, a mean of the two independent pi-
tuitary volume estimates was calculated for each participant and used in 
statistical analyses. Inter-rater reliability was good (ICC = 0.89). Total 
brain volume was obtained from automated structural segmentation of 
the T1-weighted images using FreeSurfer version 6.0 (Reuter et al., 
2010). 

2.5. Statistical analyses 

All analyses were run using R (version 3.6.2; 2019–12–12). Socio- 
demographic and lifestyle-related data, clinical characteristics and 
variables related to childhood aversity were tested for between-group 
differences using two-sided t-tests and χ2-tests (or Mann–Whitney U 
test and Fisher’s exact test if the respective assumptions were not met). 
There were no missing data except for total brain volume (n = 4). 
Outliers with respect to PGV at more than 3 standard deviations (SD) 
above the group mean were excluded from analyses (n = 1). All 
continuous variables were centered prior to respective analyses. For our 
primary objective, a hierarchical linear regression model was computed. 
Age, use of hormonal contraceptives, medication intake and physical 
activity were entered into the first block of predictors (step 1), as these 
factors have been found to affect PGV (e.g., Anastassiadis et al., 2019). 
Since NSSI and control participants differed with respect to smoking, 
this variable was also included in the first block. Illicit drug use was 
highly correlated with smoking and was therefore omitted. NSSI and 
control participants did not differ with respect to total brain volume, and 
total brain volume was not correlated with PGV. Furthermore, as total 
brain volume is not known to be associated with PGV, it has also been 
omitted. Group membership (NSSI vs. controls) was entered into the 
second block (step 2; see Supplementary Material for results of power 
analysis), and the interaction between group membership and age was 
entered into the final block of predictors (step 3). For aim two, another 
hierarchical linear regression model was computed, this time entering 
the dichotomized CECA score into the second block of predictors (step 2) 
and again the interaction with age into the final block of predictors (step 
3). Finally, spearman correlations were calculated to explore dimen-
sional associations between PGV and various clinical characteristics (i. 
e., NSSI frequency, suicidality, number of BPD criteria fulfilled) in pa-
tients with NSSI. 

3. Results 

3.1. Demographic and clinical characteristics of participants 

Overall, N = 67 youths underwent both the clinical appointment and 
the MRI exam. One patient was excluded from all analyses due to an 
outlier in PGV (+ 3 SD above the group mean), resulting in a study 
sample of n = 35 adolescents with NSSI and n = 31 healthy controls. As 
presented in Table 1, adolescents were comparable on age, sex, and 
several lifestyle-related measures (including BMI, regular physical ac-
tivity, regular alcohol intake, use of hormonal contraceptives and 
medication intake; all p > 0.05) but differed, as expected, with respect to 
psychopathology. Thirteen (37%) adolescents in the NSSI group fulfilled 
the diagnostic criteria for BPD, 19 (54%) had attempted suicide at least 
once, and the mean frequency of NSSI in the past year was 63.31 (SD =
75.59, range = 5–300) respectively 3.26 (SD = 5.32, range = 0–30) in 
the past month. Participants from the NSSI group were significantly 
more likely to come from families with separated or divorced parents 
and to have experienced various types of childhood adversity. See Ta-
bles 1 and 2 for further details. 

3.2. Primary aim: prediction of PGV by group membership (confirmatory) 
and the potential moderating role of participant’s age (exploratory) 

As mentioned before, NSSI patients and healthy control participants 
did not differ in terms of total brain volume (NSSI: 1165.82 ± 100.50 
cm3; Controls: 1187.58 ± 88.79 cm3, t(60) = 0.90, p = 0.37), and total 
brain volume was not associated with PGV (r = − 0.08, p = 0.53). 

Results of the hierarchical linear regression model with PGV as 
dependent variable are presented in Table 3. The final model (step 3) 
was significant and explained 30.9% of variance in PGV (F(58,7) = 3.71, 
p < 0.01). There was no main effect of group membership, meaning that 
there was no overall difference in PGV between healthy control 
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participants and NSSI patients, but group membership significantly 
interacted with age in predicting PGV. As shown in Fig. 1, while age was 
a significant predictor for PGV in control participants (with higher age 
being associated with enlarged PGVs; B = 61.39, SE = 14.94, p < 0.01), 
no corresponding age effect was found in NSSI patients (B = 16.83, SE =
12.20, p = 0.17). To further illustrate these results, two multiple 
regression models were calculated separately for healthy control par-
ticipants and NSSI patients (post-hoc analyses, see also Supplementary 
Material Table 1). While age, physical activity, smoking, contraceptive 
use and medication intake explained 53.9% of variance in PGV in the 
control group, these same variables only accounted for 13.3% of vari-
ance in the NSSI patient group. Neither age nor physical activity 
significantly predicted PGV in adolescents engaging in NSSI (p > 0.05). 
Similar results were obtained if analyses were repeated with female 

participants only (step 3: R2 = 31.2%, F(56,7) = 3.63, p < 0.01). 

3.3. Second aim: prediction of PGV by childhood adversity 
(confirmatory) and the potential moderating role of participant’s age 
(exploratory) 

The presence or absence of childhood adversity did not explain sig-
nificant variance in PGV and childhood adversity did not interact with 
age in predicting PGV (see Supplementary Material Table 2). Similar 
results were obtained if using the CECA severity scores instead of the 
dichotomized score (see Supplementary Material Table 3). 

3.4. Third aim: dimensional associations between PGV and clinical 
characteristics of NSSI (exploratory) 

The number of BPD criteria fulfilled significantly correlated with the 
CECA severity score, the BDI-II total score and the number of lifetime 
suicide attempts, but, although positively related, did not significantly 
correlate with the frequency of NSSI during the past year and the fre-
quency of NSSI during the past month. In line with previous findings, the 

Table 1 
Characteristics of study groups.   

NSSI (n = 35) Controls (n = 31) p 

Demographics    
Age; mean ± SD (range) 15.78 ± 1.42 

(12.40–17.80) 
15.95 ± 1.19 
(13.38–17.79) 

0.61 

Sex; number of females (%) 33 (94%) 31 (100%) 0.49 
Relationship status parents; n 

(%)    
together 16 (46%) 22 (71%) 0.01 
separated/divorced 19 (54%) 7 (23%)  
separated by death 0 (0%) 2 (6%)  

Lifestyle measures    
BMI; mean ± SD (range) 21.84 ± 3.53 

(16.03–31.07) 
20.67 ± 2.39 
(17.01–27.44) 

0.12 

Regular physical activity; n (%) 19 (54%) 24 (77%) 0.09 
Smoking; n (%) 16 (46%) 1 (3%) < 

0.01 
Regular alcohol intake (past 3 

months); n (%) 
3 (9%) 0 (0%) 0.24 

Illicit drug use (past 3 months); 
n (%) 

10 (29%) 2 (6%) 0.03 

Use of hormonal 
contraceptives; n (%) 

11 (31%) 6 (19%) 0.40 

Regular medication intake; n 
(%) 

7 (20%) 1 (3%) 0.06 

Psychopathology    
Diagnoses; number with mental 

disorder according to DSM-IV 
(%) 

34 (97%) 0 (0%) < 
0.01 

Fulfillment of BPD criteria; n 
(%) 

13 (37%) 0 (0%) < 
0.01 

Number of BPD criteria; mean 
± SD (range) 

4.06 ± 2.30 (1–8) 0.10 ± 0.30 (0–1) < 
0.01 

BDI-II score; mean ± SD (range) 28.89 ± 15.17 
(3–55) 

4.06 ± 3.68 
(0–13) 

< 
0.01 

Suicide attempt (lifetime); n 
(%) 

19 (54%) 0 (0%) < 
0.01 

Early life adversity (CECA)    
At least one adverse 

experience; n (%) 
20 (57%) 1 (3%) < 

0.01 
Severity of adverse 

experiences; mean ± SD 
(range) 

3.34 ± 2.96 
(0–10) 

0.45 ± 1.03 (0–5) < 
0.01 

Sexual abuse; n (%) 8 (23%) 1 (3%) 0.03 
Physical abuse; n (%) 8 (23%) 0 (0%) 0.01 
Psychological abuse; n (%) 3 (9%) 0 (0%) 0.24 
Neglect; n (%) 2 (6%) 0 (0%) 0.49 
Antipathy; n (%) 16 (46%) 1 (3%) < 

0.01 

Note. NSSI = non-suicidal self-injury; SD = standard deviation; n = sample size; 
BMI = body mass index; BPD = Borderline Personality Disorder; BDI-II = Beck 
Depression Inventory-II; CECA = Childhood Experiences of Care and Abuse. 
Regular physical activity = physical activity 2 times per week or more; smoker 
= smoked on at least 3–5 days in the past 3 months; regular alcohol intake =
alcohol intake on at least 10 days in the past 3 months; illicit drug use = drug use 
on at least 1 day in the past 3 months; regular medication intake = antide-
pressants, methylphenidate, antipsychotics, medications associated with in-
flammatory diseases. 

Table 2 
Clinical diagnoses according to the Mini-International Neuropsychiatric Inter-
view for Children and Adolescents (M.I.N.I.-KID; DSM-IV) in patients engaging 
in NSSI (n = 35).  

Psychopathology n (%) 

Diagnostic criteria fulfilled for at least one psychiatric disorder 34 
(97%) 

Diagnostic criteria fulfilled for at least two psychiatric disorders 27 
(77%) 

F1 - Mental and behavioral disorders due to psychoactive substance 
abuse 

8 (23%) 

F2 - Schizophrenia, schizotypal and delusional disorders 4 (11%) 
F3 - Affective disorders 29 

(83%) 
F4 - Neurotic, stress-related and somatoform disorders 22 

(63%) 
Posttraumatic Stress Disorder 3 (9%) 
F5 - Behavioral syndromes associated with physiological disturbances 

and physical factors 
7 (20%) 

F9 - Behavioral and emotional disorders with onset usually occurring in 
childhood and adolescence 

10 
(29%) 

Note. NSSI = non-suicidal self-injury; n = sample size. 

Table 3 
Results of hierarchical linear regression analyses predicting PGV by group 
membership.   

B SE t p R2 

(Change) 
F-statistic 
(p) 

Step 1     0.216 3.30 
(0.01) 

Age 61.39 14.94 4.11 <

0.01   
Physical activity 68.61 26.18 2.62 0.01   
Smoking -10.33 32.85 -0.31 0.75   
Contraceptives -35.65 29.25 -1.22 0.23   
Medication 

intake 
-28.99 40.61 -0.71 0.48   

Step 2     0.028 2.19 
(0.14) 

Group 40.15 27.05 1.48 0.14   
Step 3     0.065 5.49 

(0.02) 
Group x Age -44.57 19.02 -2.34 0.02   

Note. PGV = pituitary gland volume; B = regression coefficients; SE = standard 
error; t = t-value; p = p-value; R2 - Change = explained variance respectively 
additional explained variance; F-statistic (p) = F-test of explained variance 
respectively additional explained variance. B-, SE-, t- and p-values are reported 
for step 3 (model 3). 
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frequency of NSSI during the past year was significantly related with the 
number of lifetime suicide attempts, but none of these clinical charac-
teristics were significantly correlated to PGV (see Supplementary Ma-
terial Fig. 1). 

4. Discussion 

The main objective of the present study was to test for group dif-
ferences in PGV between adolescents engaging in NSSI and healthy 
control participants. Based on the literature linking the experience of 
prolonged stress to NSSI and HPA axis hyperactivity (at least before a 
corresponding attenuation may follow over time), as well as findings 
relating stress, particularly chronic stress, to PGV enlargement, we hy-
pothesized that patients engaging in NSSI would show lager PGVs 
compared to healthy control participants. However, we did not find 
evidence for overall volumetric differences between the two groups. 
Importantly, our study was only powered to detect effects of f2 ≥ 0.13 
(see also Supplementary Material for corresponding power-analysis); 
thus, it cannot be ruled out that we have missed smaller effects in the 
present study. Interestingly, group membership significantly interacted 
with age in predicting PGV. Specifically, while PGV increased linearly 
with age in control participants, no corresponding association was found 
in the patient group. In addition, in healthy controls, age, use of hor-
monal contraceptives, medication intake and physical activity accoun-
ted for a substantial proportion of the variance in PGV, whereas these 
same variables explained considerably less variance among patients. 
Neither the frequency of NSSI in the past year or past month, the number 
of BPD criteria met, the severity of depressive symptoms, nor the 
number of suicide attempts explained variance in PGV among adoles-
cents engaging in NSSI. In addition, there was no evidence that the 
experience of childhood adversity could account for variance in PGV 
better than psychopathology. These results and potential implications 
are discussed below. 

Our findings contrast with studies that observed volumetric changes 
in various stress-related mental disorders including, for instance, post- 
traumatic stress disorder, obsessive-compulsive disorder or panic dis-
order (for an overview see Anastassiadis et al., 2019), as well as studies 
that observed greater baseline PGV and accelerated PGV growth in ad-
olescents with early life adversity (Farrow et al., 2020; Ganella et al., 
2015). However, as mentioned before, although differences in PGV have 
been described across studies, inconsistencies - particularly in terms of 

the direction of changes (i.e., PGV enlarged in the patient sample, PGV 
reduced in the patient sample, or no differences observed) - exist among 
findings. One potential reason that might explain some of the observed 
variability relates to the timing at which the association between PGV 
and psychopathology is examined (Anastassiadis et al., 2019). For 
instance, while larger PGVs have been found in individuals at risk that 
later transitioned to psychosis compared to those who did not develop 
the disorder (Garner et al., 2005; Shah et al., 2015), smaller volumes 
have been observed among chronically ill schizophrenic patients 
(Upadhyaya et al., 2007). As suggested by Garner et al. (2005) and 
Upadhyaya et al. (2007), HPA axis hyperactivity in the early phase of 
psychotic illness (including the prodromal phase) may contribute to 
PGV enlargement, which might be then followed - in line with the 
“attenuation hypothesis” (Kaess et al., 2018) - by a gradual decrease of 
HPA axis activity (i.e., blunted cortisol stress reactivity; Zorn et al., 
2017) as the disorder progresses, resulting eventually in an overall 
reduction of PGV over time. Accordingly, rather than group differences 
per se, PG development trajectories might be particularly relevant. At 
the same time, group differences may actually become invisible - espe-
cially in case of cross-sectional data - if these developmental trajectories 
differ between patients. Interestingly, similar to the literature on psy-
chosis, patients in the presumably still relatively “early phase” of NSSI 
disorder - i.e., at ages 12–14.5 years - showed a tendency for larger PGVs 
compared to their healthy peers. Although we did not find evidence for 
an overall group effect - keeping in mind the restrictions related to the 
statistical power to detect small effect size differences - we observed an 
age-dependent effect. Based on findings from various MRI studies, the 
volume of the pituitary gland seems to increase gradually in young 
children, shows a growth spurt during puberty, peaks in the mid-20 s to 
early 30 s, and starts to decrease thereafter (Anastassiadis et al., 2019; 
Castillo, 2005; Lurie et al., 1990; Wong et al., 2014). Consistent with 
these findings (taking into account that our data are cross-sectional) a 
gradual increase in PGV with age was observed in our healthy control 
sample. In contrast, no corresponding association was found in patients 
engaging in NSSI, suggesting that pituitary maturation (i.e., the devel-
opmental trajectory of the PG) may be altered in this group. In this 
context, it’s worth noting that although we did not find evidence that 
PGV was related to adverse experiences during childhood and/ or 
adolescence, NSSI patients were much more likely to have experienced 
various types of stressors - such as coming from families with separated 
or divorced parents and having experienced various forms of child 

Fig. 1. Association between pituitary gland volume (PGV) and age, separated for healthy control participants and adolescents engaging in non-suicidal self- 
injury (NSSI). 
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maltreatment - compared to healthy control participants. In fact, when 
bullying, loss experiences, and witnessing domestic violence (also 
assessed by means of the CECA interview) were included in addition to 
the other forms of adversity (i.e., physical, sexual, psychological abuse, 
antipathy and neglect), as many as 89% of NSSI patients had faced at 
least one of these types of stressors. Comparable to the importance of 
timing between PGV assessment and psychopathology, the timing be-
tween PGV assessment and these types of experiences may be as 
important. 

Interestingly, supported by a recent longitudinal cohort study (San-
dini et al., 2020), the developmental trajectory of the PG may be indeed 
particularly important when it comes to psychopathology. In this lon-
gitudinal study, healthy control participants and patients with a specific 
genetic deletion syndrome (22q11DS) that confers a strongly increased 
risk for multiple psychiatric disorders and that has been linked to HPA 
axis hyperactivity in children (Sanders et al., 2017) and attenuated 
cortisol stress reactivity in adult patients (van Duin et al., 2019) were 
followed over a total of five visits with follow-up intervals of approxi-
mately three years in-between. The authors were able to show that pa-
tients with the deletion syndrome reached peak maturation earlier and 
showed a sharper volumetric decline by young-adulthood compared to 
healthy control participants. Interestingly, volumetric differences were 
not yet as pronounced in childhood or adolescence, but became more 
apparent from early adulthood. However, rather than mean PGV (i.e., 
high versus low), longitudinal PGV development was particularly rele-
vant with respect to psychopathology. Patients that presented with 
slightly higher volumes during childhood, followed by a strong longi-
tudinal decline resulting in PGV reductions by late-adolescence, showed 
significantly higher psychopathological symptoms and higher reactivity 
to daily stressors than patients with an increase of PGV over time 
(Sandini et al., 2020). In addition, aberrant pituitary development was 
related to atypical hippocampal and cortical maturation in patients with 
the deletion syndrome. Consistent with the finding of higher PGV during 
childhood among those presenting with psychopathological symptoms 
later in life, a longitudinal study conducted in Australia was able to show 
that lager PGVs at baseline (around the age of 12 years) mediated the 
relationship between early pubertal timing - which represents an 
important risk factor for psychopathology in general (Roberts et al., 
2020; Ullsperger and Nikolas, 2017) - and depressive symptoms over 
time (Whittle et al., 2012). Taken together, these findings provide pre-
liminary evidence that atypical pituitary development may reflect a 
common biological mechanism underlying various stress-related mental 
disorders, including NSSI disorder. Longitudinal studies, however, are 
urgently needed to clarify the role of HPA axis activity, including 
changes in HPA axis activity thought to be caused by chronic stress 
experiences, in mediating pituitary maturation and how pituitary 
maturation is in turn related to changes in the HPA axis functioning and 
the development of NSSI. In addition, considering that adolescence 
represents a time period of major hormonal changes, including changes 
in the secretion patterns of pituitary gonadotropin-releasing hormones, 
growth hormones and thyroid hormones (Rogol, 2010; Sisk and Zehr, 
2005), hormones closely associated with PG maturation and pubertal 
timing (e.g., Wong et al., 2014), future studies interested in PGV alter-
ations thought to be related with changes in HPA axis activity, should 
also carefully investigate the role of these other important pituitary 
hormones. 

5. Conclusion 

This study provides some preliminary evidence for potentially 
altered pituitary maturation in patients engaging in NSSI compared to 
healthy controls, although no overall volumetric differences - at least in 
the range of medium and large effect sizes - were found between the two 
groups. Several suggestions for future studies emerge from our research. 
Future studies should (1) replicate our finding incorporating larger 
samples in longitudinal designs (2) with a diverse population to also 

examine potential sex differences, (3) try to relate PGV development to 
stress, including chronic stress experienced early in life (4) aim to link 
PGV maturation with various HPA axis activity measures (i.e., various 
cortisol measures), (5) carefully assess and control for other pituitary 
hormones such as gonadotropin-releasing, growth and thyroid hor-
mones as well as measures of pubertal development, and (6) aim to 
relate PGV maturation to psychopathological symptoms. 
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Zetterqvist, M., Lundh, L.-G., Dahlström, Ö., Svedin, C.G., 2013. Prevalence and function 
of non-suicidal self-injury (NSSI) in a community sample of adolescents, using 
suggested DSM-5 criteria for a potential NSSI disorder. J. Abnorm. Child Psychol. 41, 
759–773. https://doi.org/10.1007/s10802-013-9712-5. 

Zorn, J.V., Schür, R.R., Boks, M.P., Kahn, R.S., Joëls, M., Vinkers, C.H., 2017. Cortisol 
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