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Social support mediates the influence of cerebellum functional
connectivity strength on postpartum depression and
postpartum depression with anxiety
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Post-Partum Depression (PPD) is the most common health issue impacting emotional well being in women and is often comorbid
with anxiety (PPD-A). Previous studies have shown that adequate social support can protect against PPD and PPD-A. However, how
the brain connectome is disrupted in PPD and PPD-A and the neural basis underlying the role of social support in PPD and PPD-A
remains unclear. The present study aims to explore these issues in patients with PPD and PPD-A. Well-established questionnaires
and resting-state functional Magnetic Resonance Imaging (rsfMRI) were performed in 45 PPD, 31 PDD-A patients and 62 Healthy
Postnatal Women (HPW). Brain functional integration was measured by analysis of Functional Connectivity Strength (FCS).
Association and mediation analyses were performed to investigate relationships between FCS, PPD and PPD-A symptoms and social
support. PPD patients showed specifically higher FCS in right parahippocampus, whereas PPD-A patients showed specifically higher
FCS in left ventrolateral prefrontal cortex. In all postpartum women, depression symptoms positively correlated with FCS in left
paracentral lobule; depression and anxiety symptoms were negatively correlated with FCS in right cerebellem posterior lobe (CPL),
a brain region implicated in supporting social cognition and regulation of emotion. Subsequent mediation analysis revealed that
perceived social support mediated the association between right CPL FCS and PPD and PPD-A symptoms. Measurement of FCS in
disorder-specific neural circuits offers a potential biomarker to study and measure the efficacy of social support for PPD and PPD-A.
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INTRODUCTION
Postpartum women experience large changes in physiology,
emotional, financial and social support and are susceptible to
onset or relapse of mental illnesses such as depression and anxiety
[1]. Postpartum depression (PPD) is the most common psychiatric
disorder during the postpartum period [2]. In nearly two-thirds of
women PPD is comorbid with anxiety disorders (PPD-A) [3]. PPD
and PPD-A are a serious public health issue that not only impacts
the well being and quality of life of mothers, and family
relationships, but also has adverse consequences for their
offspring [4, 5]. Effective prevention and timely treatment of
PPD and PPD-A could be improved by better understanding of the
etiology and the disruptions in neural networks specific to the
disorders [6].
The risk factors for PPD and PPD-A are multifactorial. Several

psycho-social and biological factors include a history of depres-
sion/anxiety, marital difficulties, hormones fluctuations, life stress

and inadequate social support etc., are known to be associated
with an increased risk of developing PPD [7–9]. Down-regulation of
stress responses including dampened sympathetic, hypothalamic-
pituitary-adrenal (HPA) axis and inflammatory reactivity to stressors
together with appropriate social support have all been proposed as
important buffers for stressful life events [10] and a significant
relationship has been reported between low levels of perceived
social support and severity of PPD and PPD-A [11, 12]. Accumulat-
ing evidence indicates that adequate social support could protect
against PPD/PPD-A [13, 14]. However, the neural basis underlying
the role of social support in PPD and PPD-A remains unclear.
Damage to hubs in the brain network which play a key role in the
transmission and integration of information [15] is likely to
seriously affect network efficiency and integrity [16].
Application of functional Magnetic Resonance Imaging (fMRI)

has shown alterations in anterior/posterior cingulate cortex,
hippocampus, parahippocampups (PHP), amygdala, insula,
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striatum and prefrontal brain regions in patients with PPD or PPD-
A [17–20]. However, so far there have been no studies of PPD and
PPD-A from a whole-brain network perspective. Recent advances
in brain connectomics using graph theory have allowed computa-
tion of Functional Connectivity Strength (FCS) on a voxel by voxel
basis, which is a brain functional integration (FI) measure of the
importance of each voxel within whole brain networks [21]. Brain
regions with high FCS are considered as functional hubs of the
brain for information processing connecting otherwise segregated
brain systems [22]. This approach has revealed disruptions in the
topological organization of large-scale functional brain networks
in patients with depression [23].
In the present study, the data-driven voxel-wise FCS technique

was applied to analyze rs-fMRI data collected for first-episode,
treatment-naïve patients with PPD and PPD-A, and matched
healthy postpartum women (HPW). Patients with PPD and PPD-A
were predicted to show abnormal functional integration com-
pared with HPW and of particular interest was to investigate
whether social support mediated association between regional
FCS and symptoms of postpartum depression and anxiety.

MATERIALS AND METHODS
Subjects
The data were collected from a longitudinal project that aimed to
investigate the pathogenic factors, prognosis and effective intervention
mechanism of patients with postpartum depression (within one year after
birth) in Chengdu, China. From 1 June 2018 to 1 January 2020, postpartum
women were screened and recruited at the Maternity clinic, West China
Second University Hospital of Sichuan University (see Table 1 for details).
Forty five drug-naïve patients with PPD, 31 drug-naïve PPD patients with
anxiety (PPD-A), and 62 Healthy Postnatal Women (HPW) were recruited at
the West China Second University Hospital of Sichuan University, China
(Table 1). All participants were right-handed, had full-term, normal
puerperium and healthy infants, and matched with respect to age and
education level. Diagnosis was made according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
and Chinese Classification and Diagnostic Criteria of Mental Disorders 3rd
edition (CCMD-3) by two experienced psychiatrists (YJ and WD) at the
Department of Psychiatry, West China Hospital of Sichuan University.
Exclusion criteria were presence of cardiovascular disease, diabetes, history
of any other Axis I mental disorder such as schizophrenia, bipolar disorder,
and substance dependence (other than nicotine), history of suicide, alcohol
or drug abuse, history of hormonal contraception, use of psychotropic
medications or using vasoactive medications or cognitive behavior therapy
and contraindication to MRI. The authors assert that all procedures
contributing to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008. All procedures involving
human subjects/patients were approved by local ethics committee of West
China Second University Hospital of Sichuan University (No. S201731).
Written informed consent was obtained from all participants.

Clinical assessments
Depression, and anxiety, symptoms severity was measured by using the
Edinburgh Postnatal Depression Scale (EPDS) [24] and Beck’s Anxiety
Inventory (BAI) [25], respectively. In addition, administration of the
Postpartum Support Questionnaire (PSQ) [26] allowed measurement of
the social support expected and the social support perceived by the
postpartum women [27].

MRI data acquisition
Resting-state fMRI data were acquired on a 3 T MRI system (Skyra, Siemens
Healthineers, Erlangen, Germany) at the West China Second University
Hospital of Sichuan University. Earplugs were provided to reduce scanner
noise and foam padding was used to minimize head motion. Participants
were instructed to relax and to remain awake with their eyes closed.
Parameters for the Echo Planar Imaging (EPI) sequence were Repetition
Time (TR) 3.05 s, Echo Time (TE) 22.5 ms, flip angle= 30°, 36 slices,
thickness 4.0 mm, gap 1mm, voxel size 2.45 × 2.45 × 4.0 mm3, matrix size
= 94 × 94, and Field of View (FOV) 23 cm × 23 cm. Ta
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fMRI data preprocessing
The rsfMRI data were pre-processed as follows (i) the first 6 volumes were
discarded to allow for magnetization equilibrium, (ii) all images were
realigned to the first volume to correct head motion and (iii) normalized to
the Montreal Neurological Institute (MNI) EPI template and resample to 3 ×
3 × 3mm3, (iv) head motion was removed by regression analysis using
Friston 24-parameter model, global, white matter and cerebrospinal fluid
mean signal intensity and (v) a 0.01–0.1 Hz temporal band-pass filter was
applied. No participants showed a maximum displacement of >3mm or an
angular motion of >3o and so none were excluded on account of head
motion. Finally, the so-called scrubbing method was applied with linear
interpolation to eliminate “bad” images exceeding the pre-set criteria for
excessive motion (i.e., Frame Displacement (FD) < 0.5).

Whole brain voxel-wise functional connectivity strength
calculation
Whole brain voxel-wise Functional Connectivity Strength (FCS) was
calculated for all gray matter voxels in each participant. FCS is based on
graph theory and corresponds to the weighted mean of the degree of
centrality over all networks. First, the functional connectivities of each
voxel with voxels in the rest of brain were calculated based on the value of
Pearson’s correlation coefficient between the relevant time series. Weak
connections that may arise from signal noise were removed according to
the threshold of <0.25 based on previous studies [28, 29]. Next, the FCS
value of a given voxel was computed by averaging all the correlation
coefficients higher than the above threshold over the whole brain, and this
process was repeated for all voxels to obtain a FCS map for each subject.
Finally, prior to statistical and correlation analysis the FCS map was
converted to a map of z scores and spatially smoothed by using a Gaussian
filter with Full Width Half Maximum (FWHM) of 6 mm.

FCS differences
Analysis of Variance (ANOVA) for FCS was performed to determine whether
there were potential differences in brain functional integration among
patients with PPD, patients with PPD-A, and HPW. Significance was
determined using a cluster-level AlphaSim correction method with p < 0.05
(cluster-forming threshold at voxel-level p < 0.001). Next, if significant
differences in FCS were found, the FCS values in the brain areas showing
differences among the three groups were extracted, and post-hoc two-
sample t tests were applied to identify differences between groups, with
significance level set to p < 0.05 using Bonferroni correction.
In addition, correlation analysis was performed to investigate the

relationships between FCS in those brain regions which showed significant
differences between the two groups of patients, and between the patients
an controls, and the clinical depression and anxiety scores assessed using
the EPDS and BAI inventories and social support assessed using the PSQ
questionnaire, and with significance level set to p < 0.05.

FCS-PPD/PPD-A correlation analyses
Whole brain voxel-wise correlation analyses were performed between FCS
maps and EPDS, BAI, and other psycho-social factors such as age, education,
postpartum time, etc. for all enrolled postpartum women. Significance was
determined using a cluster-level AlphaSim correction method with p < 0.05
(cluster-forming threshold at voxel-level p < 0.001). In addition, mean FCS
values were calculated for those brain areas which showed significant
correlations with EPDS, and BAI, and ANOVA and post-hoc analyses were
performed to determine group differences in FCS of these areas. The
significant level was set to p < 0.05 with Bonferroni correction.

Meditation analyses
To investigate whether the relationships between FCS and EPDS, and BAI,
were mediated by social support, a meditation analysis was performed
using the SPSS macro-PROCESS and bootstrapping approach developed by
Hayes [30]. FCS of the brain region(s) specially associated with postpartum
depression or anxiety loads was taken as the predictor variable (X), social
support was taken as the mediator variable (M), and EPDS or BAI scores
were the outcome variables (Y). Path “a” represents the relation of X and M,
path “b” represents the relation of M and Y after controlling for X and path
“c” represents the relation of X and Y after controlling for M. The variable M
is considered to be a mediator if the indirect effect (c – c’ or a × b) is
significant. To determine the significance of the mediation, a boot-
strapping test (5000 repetitions) was used to generate 95% confidence
intervals (CIs), and if the CI did not include the value 0 then the total effect

between X and Y was mediated by M. In further analyses, FCS, EPDS and
BAI were investigated as potential mediator variables using the same
procedure as described above.

RESULTS
Demographics and clinical characteristics
There were no significant differences in age (p= 0.11), education
level (p= 0.84), expected social support (p= 0.48), or postpartum
time (p= 0.90) between patients with PPD and PPD-A, or in
comparison of patient groups and HPW. Depression and anxiety
symptom scores were significantly higher in both PPD and PPD-A
patients compared to HPW, and in PDD-A compared to PPD
patients. Perceived social support was lower in both PPD and PPD-
A relative to HPW, but no significant differences were observed
between the PPD and PPD-A patient groups (Table 1).

FCS differences among patients with PPD and PPD-A, and
HPW
Whole brain voxel-wise statistical analyses revealed significant
differences in FCS in right parahippocampus (ParaHipp) and left
ventrolateral prefrontal cortex (vlPFC) among patients with PPD
and PPD-A, and HPW (p < 0.001) (Fig. 1A). Post-hoc analyses
revealed that the effect in right ParaHipp was due to significantly
higher FCS in PPD patients compared to both PPD-A patients and
HPW (p < 0.05), whereas no significant difference in FCS was found
between PPD-A patients and HPW (p= 0.24) (Fig. 1B). For the
effect in left vlPFC, this was due to significantly higher FCS in PPD-
A patients compared to both PPD patients and HPW (p < 0.05),
whereas no significant difference in FCS was found between PPD
patients and HPW (p= 0.11) (Fig. 1B). No significant correlations
were found between FCS values in ParaHipp and vlPFC and any of
the clinical measures.

Associations between FCS and postpartum depression and
anxiety symptom
Whole brain voxel-wise correlation analyses in all participants
revealed a significant positive relationship between FCS in left
paracentral lobule (ParaCL) and EPDS scores (p < 0.05, r=−0.40)
(Fig. 2A) and a significant negative association between FCS in
right cerebellem posterior lobe (CPL) and EPDS scores (p < 0.05,
r=−0.37) and BAI scores (p < 0.05, r=−0.38) (Fig. 2A, B). No other
significantly positive correlations were found between FCS maps
and other psycho-social factors. Statistical analysis of the mean
FCS values in ParaCL and CPL only revealed a significant difference
in FCS in right CPL such that FCS in right CPL was lower in both
PPD and PPD-A patients groups compared to HPW, but there was
no significant difference in FCS between patients with PPD and
PPD-A (Fig. 2C).

Social support mediates the effect of cerebral resting-state
FCS on postpartum depression and anxiety
Perceived Social support was negatively correlated with EPDS
scores (r=−0.44, p < 0.001) and BAI scores (r=−0.35, p < 0.001).
FCS values in right CPL were negatively correlated with EPDS
scores (r=−0.2721, p= 0.0012) and BAI score (r=−0.258, p=
0.0022), and positively correlated with perceived social support
measured by PSQ (r= 0.2097, p= 0.0136). According to the
general linear model, FCS in right CPL (β= 0.21, p < 0.05) and
EPDS could be used to predict PSQ scores (β=−0.43, p < 0.001),
and FCS in Cereb (β= 0.24, p < 0.01) and BAI could be used to
predict PSQ scores (β=−0.3, p < 0.001).
Meditation analyses further revealed that social support plays a

meditating role in the association between FCS in right CPL and
both EPDS and BAI score in all postpartum women (EPDS: 95%
CI= (−3.18, −0.38), p < 0.05; BAI: 95% CI= (−4.05, −0.50), p <
0.05; Fig. 3). In addition, we also exchanged other measures as
mediator, but no significant meditation effects were found.
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Fig. 2 Whole brain voxel-wise correlation analyses were used to identify the associations between FCS and Edinburgh Postnatal
Depression Scale (EPDS) and Beck’s Anxiety Inventory (BAI) scores. A There is a significant positive correlation between FCS in paracentral
lobule (ParaCL), and significant negative correlation between FCS in right cerebellem posterior lobe (CPL), and EPDS, respectively. B There is
also a significant negative correlation between FCS in right CPL and BAI. C Post-hoc two sample t-tests showed that FCS was significantly
lower in right CPL in both PPD and PPD-A patients compared to HPW. There was no significant difference in FCS between PPD and PPD-A
patients in these or in any other brain regions.

Fig. 1 Functional Connectivity Strength (FCS) differences among HPW, PPD, and PPD-A. A One-way analysis of variance (ANOVA) of
functional connectivity strength (FCS) maps revealed significant differences in right parahippocampus (ParaHipp) and left ventrolateral
prefrontal cortex (vlPFC) between postpartum depression (PPD) and PPD with anxiety (PPD-A) and healthy postnatal women (HPW). B Post-
hoc two-sample t tests showed that FCS in ParaHipp was higher in PPD patients compared to PPD-A patients and HPW, and FCS was higher in
vlPFC in PPD-A patients compared to both PPD patients and HPW.
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DISCUSSION
Three main findings were obtained from the measurement of
regional functional integration (FI) by FCS in rsfMRI data acquired
for patients with PPD and PPD-A, and HPW, and subsequent
correlation and mediation analyses. First, PPD group showed
specifically higher FCS in right ParaHipp, and PPD-A group showed
specifically higher FCS in left vlPFC, compared with the respective
other patient group and HPW. Second, all enrolled postpartum
women had a significant positive correlation between FCS in left
ParaCL and postpartum depression loads, and a significant
negative correlation between FCS in right cerebellem posterior
lobe (CPL) and postpartum depression loads and postpartum
anxiety loads. Third, perceived social support mediated the
influence of FCS in right CPL on depression and anxiety symptom.
Taken together these findings provide evidence of abnormal brain
functional interactions in patients with PPD and PPD-A and the
importance influence of lack of social support in these conditions.
By determining the underlying mechanism for these brain
alterations it may be possible to develop more effective therapies
and treatment strategies.
The findings of the present study show that PPD and PPD-A

patients have disorder specific alterations in the FI of the brain
network. This is supported by reports that ParaHipp was found
with higher activation in female depressive patients than healthy
controls [31], and is involved in processing negative emotional
stimuli, including those related to trauma [32]. Furthermore,
lesions in temporal cortex and ParaHipp, which are part of the
temporal-limbic network, typically disrupt episodic memory which
is common in patients with depression and cognitive impairment
[33]. On the other hand, increased functional connectivities of
ParaHipp with other structures such as subgenual cingulate gyrus
and dorsolateral prefrontal cortex have been reported in patients
with depression [34]. This suggests that deficits in the ventrome-
dial neural system may disrupt early stimulus appraisal, encoding,
and regulation of emotion [35]. FCS abnormalities in ParaHipp
may impair emotional regulation and disrupt memory function in
patients with depression [36].
Furthermore, FCS was significantly increased in left vlPFC in

patients with PPD-A compared to patients with PPD and HPW.
Hearing an infant crying has been linked to heightened anxious
responses and vlPFC hyperactivity in early postpartum mothers
[37]. Specifically, vlPFC modulates amygdala responses to threats
in order to maintain goal-directed behavior [38, 39]. On the
contrary, in a task fMRI study of viewing negative pictures, vlPFC
hypoactivity was associated with reduction of subjective distress
in anxiety-prone participants [40]. Therefore, vlPFC hyperactivity in
PPD-A patients may be a compensatory mechanism to support
processing of negative emotions and regulation of anxiety
symptoms [41, 42], especially when mothers confront challenges
and threats in the postpartum period, such as insufficient social
support.
In the current study, a negative correlation was observed

between FCS in right CPL and postpartum depression and anxiety

scores in all postpartum women. There is substantial evidence to
indicate a crucial role for the cerebellum in social-cognition and
affective functions through its relationship with prefrontal cortices
and other brain structures (e.g., parietal lobe and temporal lobe)
and which suggest that the cerebellum (especially the CPL) acts as
a relay station in the limbic system that is important for regulating
emotion [43]. Compared to healthy controls, patients with
depression have been reported to have reduced gray matter
volume [44, 45], and increased FCS [29] in the CPL. Lesions of the
CPL were reported to reduce pleasure in response to positive
stimuli [46], and which may produce emotional passivity,
personality changes and psychotic symptoms [47]. In addition,
CPL lesions result in the cerebellar cognitive affective syndrome,
characterized by dysfunction in execution, linguistic skills and
affective regulation of affect etc.
Importantly, we found that perceived social support mediated

the influence of FCS in right CPL on depression and anxiety
symptoms in all postnatal women. Behaviorally, the association of
social support with depression and anxiety symptoms has been
well established in previous studies [13, 48–50], and which is
consistent with the findings of significant correlations between
social support and depression (r=−0.44, p < 0.001) and anxiety
(r=−0.35, p < 0.001) scores in the present study. The cerebellum,
particularly the CPL, involves in intellect and emotion control
function, and is an important hub in the social cognition network
through functionally connected with mid-brain and neocortical
areas [51], and supports brain-wide maturation of flexible and
social behaviors (i.e., social cognition). Adequate and subtle social
interaction requires one to be able to infer the emotion of another
person, and which is mediated by the cerebellum [52]. All these
findings demonstrated that, at the connectome level, variance in
postpartum symptoms of depression and anxiety could potentially
be related to abnormal in functional connectivity of right CPL.
Furthermore, social support serves as a potential mechanism to
explain the impact of FCS in right CPL on postpartum depression
or anxiety.
The present study has several limitations that should be

acknowledged. First, the influence of several potentially important
factors were not controlled for or studied, including natural or
assisted conception, natural delivery versus cesarean section,
hormones fluctuations, cognitive functions and whether patients
were primipara or multipara. These factors and sub-group analysis
should be included in future studies. Second, the PPD and PPD-A
groups are likely to include patients representing a number of
phenotypes in terms of timing, severity and the exact nature of
symptoms. Study of the effect of post-partum time may be an
important topic for identification of associations between clinical
symptoms and postpartum time. Third, the analysis was based
only on measurement of FCS in resting-state fMRI data and in
future studies it will be interesting to incorporate multimodal
neuroimaging data. Finally, because of the cross-sectional design
it is not possible to draw conclusions regarding a potential causal
relationship between social support, fMRI functional connectivity,

Fig. 3 Mediation analysis revealed that FCS of right cerebellem posterior lobe (CPL) affects postpartum depression and anxiety through
social support. In particular, social support as measured by the PSQ questionnaire mediates the effect of right CPL on Edinburgh Postnatal
Depression Scale (EPDS) and Beck’s Anxiety Inventory (BAI) scores.

B. Cheng et al.

5

Translational Psychiatry           (2022) 12:54 



PPD and PPD-A. Longitudinal studies with multimodal MRI data
including other measures of brain function (e.g., task-related fMRI)
and structure (e.g., gray matter volume and surface area) are
warranted to better reveal the neuropathology of the PPD and
PPD-A phenotypes and determine if there are causal relationships
between brain changes, symptoms and social support.
In conclusion, specific alterations of FCS were observed in

ParaHipp and vlPFC in PPD and PPD-A patients relative to HPW.
Furthermore, alterations in FCS in ParaCL and CPL were found to
be associated with postpartum depression and anxiety symptom.
The present study also provides initial evidence that perceived
social support mediates the relationship between FCS of the CPL
and postpartum depression and anxiety loads. Taken together
these findings suggest that social support is important in
maintaining mental health of postpartum women. In future work
it may be possible to develop imaging methods for predicting
how perceived social support influences postpartum depression
and anxiety symptoms in individual patients.

REFERENCES
1. Smith MV, Shao L, Howell HB, Lin H, Yonkers KA. Perinatal depression and birth

outcomes in a healthy start project. Matern Child Health J. 2011;15:401–9.
2. Alipour Z, Lamyian M, Hajizadeh E. Anxiety and fear of childbirth as predictors of

postnatal depression in nulliparous women. Women Birth. 2012;25:e37–43.
3. Nakić Radoš S, Tadinac M, Herman R. Anxiety during pregnancy and postpartum:

course, predictors and comorbidity with postpartum depression. Acta Clin Croat.
2018;57:39–51.

4. Grigoriadis S, Vonderporten EH, Mamisashvili L, Tomlinson G, Dennis C, Koren G,
et al. The impact of maternal depression during pregnancy on perinatal out-
comes: a systematic review and meta-analysis. J Clin Psychiatry. 2013;74:321–41.

5. Stein A, Pearson RM, Goodman SH, Rapa E, Rahman A, Mccallum M, et al. Effects
of perinatal mental disorders on the fetus and child. Lancet. 2014;384:1800–19.

6. Santos H Jr, Fried EI, Asafu-Adjei J, Ruiz RJ. Network structure of perinatal
depressive symptoms in Latinas: relationship to stress and reproductive bio-
markers. Res Nurs Health. 2017;40:218–28.

7. Verkerk G, Pop VJM, Van Son MJM, Van Heck GL. Prediction of depression in the
postpartum period: a longitudinal follow-up study in high-risk and low-risk
women. J Affect Disord. 2003;77:159–66.

8. Ross LE, Dennis C. The prevalence of postpartum depression among women with
substance use, an abuse history, or chronic illness: a systematic review. J
Women’s Health. 2009;18:475–86.

9. Parry BL, Sorenson DL, Meliska CJ, Basavaraj N, Zirpoli GG, Gamst A, et al. Hor-
monal basis of mood and postpartum disorders. Curr Women’s Health Rep.
2003;3:230–5.

10. Dickerson S, Zoccola PM. Toward a Biology of Social Support. The Oxford
Handbook of Positive Psychology, (2 Ed.), 2012.

11. Aktan NM. Social support and anxiety in pregnant and postpartum women: a
secondary analysis. Clin Nurs Res. 2012;21:183–94.

12. Logsdon MC, Cross R, Williams B, Simpson T. Prediction of postpartum social
support and symptoms of depression in pregnant adolescents: a pilot study. J
Sch Nurs. 2004;20:36–42.

13. Pao C, Guintivano J, Santos H, Meltzer-Brody S. Postpartum depression and social
support in a racially and ethnically diverse population of women. Arch Women’s
Ment Health. 2019;22:105–14.

14. Field T, Diego M, Delgado J, Medina L. Yoga and social support reduce prenatal
depression, anxiety and cortisol. J Bodyw Mov Ther. 2013;17:397–403.

15. Bullmore E, Sporns O. Complex brain networks: Graph theoretical analysis of
structural and functional systems. Nat Rev Neurosci. 2009;10:186–98.

16. Hwang K, Hallquist MN, Luna B. The development of hub architecture in the
human functional brain network. Cereb Cortex. 2013;23:2380–93.

17. Silver M, Moore CM, Villamarin V, Jaitly N, Hall JE, Rothschild AJ, et al. White
matter integrity in medication-free women with peripartum depression: a tract-
based spatial statistics study. Neuropsychopharmacology. 2018;43:1573–80.

18. Deligiannidis KM, Fales CL, Kroll-Desrosiers AR, Shaffer SA, Villamarin V, Tan Y,
et al. Resting-state functional connectivity, cortical GABA, and neuroactive ster-
oids in peripartum and peripartum depressed women: a functional magnetic
resonance imaging and spectroscopy study. Neuropsychopharmacology.
2019;44:546–54.

19. Dudin A, Wonch KE, Davis AD, Steiner M, Fleming AS, Hall GB. Amygdala and
affective responses to infant pictures: comparing depressed and non-depressed
mothers and non-mothers. J Neuroendocrinol. 2019;31:e12790.

20. Guo C, Moses-Kolko E, Phillips M, Swain JE, Hipwell AE. Severity of anxiety
moderates the association between neural circuits and maternal behaviors in the
postpartum period. Cogn Affect Behav Neurosci. 2018;18:426–36.

21. Buckner RL, Sepulcre J, Talukdar T, Krienen FM, Liu H, Hedden T, et al. Cortical
hubs revealed by intrinsic functional connectivity: mapping, assessment of sta-
bility, and relation to Alzheimer’s disease. J Neurosci. 2009;29:1860–73.

22. Liang X, Zou Q, He Y, Yang Y. Coupling of functional connectivity and regional
cerebral blood flow reveals a physiological basis for network hubs of the human
brain. Proc Natl Acad Sci USA. 2013;110:1929–34.

23. Gong Q, He Y. Depression, neuroimaging and connectomics: a selective overview.
Biol Psychiatry. 2015;77:223–35.

24. Cox J, Holden JM, Sagovsky R. Detection of postnatal depression. Development of
the 10-item Edinburgh Postnatal Depression Scale. Br J Psychiatry. 1987;150:782–6.

25. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical
anxiety: psychometric properties. J Consulting Clin Psychol. 1988;56:893–7.

26. Logsdon MC, Usui WM. The postpartum support questionnaire: psychometric
properties in adolescents. J Child Adolesc Psychiatr Nurs. 2006;19:145–56.

27. Logsdon MC, Usui W, Birkimer JC, McBride AB. The postpartum support ques-
tionnaire: reliability and validity. J Nurs Meas. 1996;4:129–42.

28. Liu C, Wang J, Hou Y, Qi Z, Wang L, Zhan S, et al. Mapping the changed hubs and
corresponding functional connectivity in idiopathic restless legs syndrome. Sleep
Med. 2018;45:132–9.

29. Wu H, Sun H, Xu J, Wu Y, Wang C, Xiao J, et al. Changed Hub and corresponding
functional connectivity of subgenual anterior cingulate cortex in major depres-
sive disorder. Front Neuroanat. 2016;10:120.

30. Hayes A. Introduction to mediation, moderation, and conditional process ana-
lysis: a regression-based approach. 2013: Guilford Publications.

31. Tak S, Lee S, Park CA, Cheong EN, Seok JW, Sohn JH, et al. Altered effective con-
nectivity within the Fronto-Limbic circuitry in response to negative emotional task
in female patients with major depressive disorder. Brain Connect. 2021;11:264–77.

32. Sakamoto H, Fukuda R, Okuaki T, Rogers M, Kasai K, Machida T, et al. Para-
hippocampal activation evoked by masked traumatic images in posttraumatic
stress disorder: a functional MRI study. Neuroimage. 2005;26:813–21.

33. Ebmeier KP, Donaghey C, Steele JD. Recent developments and current con-
troversies in depression. Lancet. 2006;367:153–67.

34. Ye T, Peng J, Nie B, Gao J, Liu J, Li Y, et al. Altered functional connectivity of the
dorsolateral prefrontal cortex in first-episode patients with major depressive
disorder. Eur J Radiol. 2012;81:4035–40.

35. Almeida JRC, Mechelli A, Hassel S, Versace A, Kupfer DJ, Phillips ML. Abnormally
increased effective connectivity between parahippocampal gyrus and ven-
tromedial prefrontal regions during emotion labeling in bipolar disorder. Psy-
chiatry Res. 2009;174:195.

36. Honey C, Sporns O, Cammoun L, Gigandet X, Thiran JP, Meuli R, et al. Predicting
human resting-state functional connectivity from structural connectivity. Proc
Natl Acad Sci. 2009;106:2035–40.

37. Atzil S, Hendler T, Feldman R. Specifying the neurobiological basis of human
attachment: brain, hormones, and behavior in synchronous and intrusive
mothers. Neuropsychopharmacology. 2011;36:2603–15.

38. Corbetta M, Shulman GL. Control of goal-directed and stimulus-driven attention
in the brain. Nat Rev Neurosci. 2002;3:201–15.

39. Fox NA, Pine DS. Temperament and the emergence of anxiety disorders. J Am
Acad Child Adolesc Psychiatry. 2012;51:125–8.

40. Campbell-Sills L, Simmons AN, Lovero KL, Rochlin AA, Paulus MP, Stein MB.
Functioning of neural systems supporting emotion regulation in anxiety-prone
individuals. Neuroimage. 2011;54:689–96.

41. Guyer A, Masten C, Pine D. Neurobiology of pediatric anxiety disorders, in
pediatric anxiety disorders. Current Clinical Psychiatry. 2013, Humana Press: New
York, NY. p. 23–46.

42. Shechner T, Britton JC, Pérez-Edgar K, Bar-Haim Y, Ernst M, Fox NA, et al.
Attention biases, anxiety, and development: toward or away from threats or
rewards? Depress Anxiety. 2012;29:282–94.

43. Reeber SL, Otis TS, Sillitoe RV. New roles for the cerebellum in health and disease.
Front Syst Neurosci. 2013;7:83.

44. Machino A, Kunisato Y, Matsumoto T, Yoshimura S, Ueda K, Yamawaki Y, et al.
Possible involvement of rumination in gray matter abnormalities in persistent
symptoms of major depression: an exploratory magnetic resonance imaging
voxel-based morphometry study. J Affect Disord. 2014;168:229–35.

45. Zeng LL, Liu L, Liu Y, Shen H, Li Y, Hu D. Antidepressant treatment normalizes
white matter volume in patients with major depression. PLoS ONE. 2012;7:
e44248.

46. Turner BM, Paradiso S, Marvel CL, Pierson R, Boles Ponto LL, Hichwa RD, et al. The
cerebellum and emotional experience. Neuropsychologia. 2007;45:1331–41.

47. Schmahmann JD, Sherman JC. Cerebellar cognitive affective syndrome. Int Rev
Neurobiol. 1997;41:433–40.

B. Cheng et al.

6

Translational Psychiatry           (2022) 12:54 



48. Lueboonthavatchai P. Role of stress areas, stress severity, and stressful life events
on the onset of depressive disorder: a case-control study. J Med Assoc Thai.
2009;92:1240–9.

49. Letourneau NL, Dennis CL, Benzies K, Duffett-Leger L, Stewart M, Tryphonopoulos
PD, et al. Postpartum depression is a family affair: addressing the impact on
mothers, fathers, and children. Issues Ment Health Nurs. 2012;33:445–57.

50. Barnet B, Joffe A, Duggan AK, Wilson MD, Repke JT. Depressive symptoms, stress,
and social support in pregnant and postpartum adolescents. Arch Pediatr Ado-
lesc Med. 1996;150:64–9.

51. Strick PL, Dum RP, Fiez JA. Cerebellum and nonmotor function. Annu Rev Neu-
rosci. 2009;32:413–34.

52. Van Overwalle F. Social cognition and the brain: a meta-analysis. Hum Brain
Mapp. 2009;30:829–58.

ACKNOWLEDGEMENTS
The authors wish to thank Dr. Qiang Yao and Aiyun Xing, at Department of
Gynecology and Obstetrics, West China Second Hospital, Chengdu, for discussion and
assistance with patient enrollment.

AUTHOR CONTRIBUTIONS
BCC and JJW designed the study. BCC, YSZ, PCD, YYL, YMC, YJZ, YJM, and WD
diagnosed the patients and collected the data; JJW, YYL, XLW and YJM analysed the
data. JJW, BCC and NR drafted the manuscript. All authors discussed the results,
revised the manuscript, and approve of the final version.

FUNDING
This study was supported by the National Natural Science Foundation of China (Grant
No. 62176044), Sichuan Science and Technology Program (Grant Nos. 2021YJ0186,
2019YJ0080; 21YYJC2988; 22ZDYF0831); the National Key Technology R&D Program

of the Ministry of Science and Technology of China (Grant No. 2016YFC1307200);
Scientific research project of Sichuan health planning committee (Grant No. 20PJ078).

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Jiaojian Wang.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

B. Cheng et al.

7

Translational Psychiatry           (2022) 12:54 

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Social support mediates the influence of cerebellum functional connectivity strength on postpartum depression and postpartum depression with anxiety
	Introduction
	Materials and methods
	Subjects
	Clinical assessments
	MRI data acquisition
	fMRI data preprocessing
	Whole brain voxel-wise functional connectivity strength calculation
	FCS differences
	FCS-PPD/PPD-A correlation analyses
	Meditation analyses

	Results
	Demographics and clinical characteristics
	FCS differences among patients with PPD and PPD-A, and HPW
	Associations between FCS and postpartum depression and anxiety symptom
	Social support mediates the effect of cerebral resting-state FCS on postpartum depression and anxiety

	Discussion
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




