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Abstract
Premenstrual syndrome (PMS) is a menstrual cycle-related disorder. Although the precise pathophysiology is not fully under-
stood, it is increasingly believed that the central nervous system plays a vital role in the development of PMS. The aim of this
study is to elucidate specific functional connectivity between the thalamus and cerebral cortex. Resting-state functional magnetic
resonance imaging (fMRI) data were obtained from 20 PMS patients and 21 healthy controls (HCs). Seed-based functional
connectivity between the thalamus and six cortical regions of interest, including the prefrontal cortex (PFC), posterior parietal
cortex, somatosensory cortex, motor cortex/supplementary motor area, temporal and occipital lobe, was adopted to identify
specific thalamocortical connectivity in the two groups. Correlation analysis was then used to examine relationships between the
neuroimaging findings and clinical symptoms. Activity in distinct cortical regions correlated with specific sub-regions of the
thalamus in the two groups. Comparison between groups exhibited decreased prefrontal-thalamic connectivity and
increased posterior parietal–thalamic connectivity in the PMS patients. Within the PMS group, the daily record of
severity of problems (DRSP) score negatively correlated with the prefrontal-thalamic connectivity. Our findings may
provide preliminary evidence for abnormal thalamocortical connectivity in PMS patients and may contribute to a
better understanding of the pathophysiology of PMS.
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Introduction

The thalamus is a critical subcortical structure that plays a
pivotal role in information transmission and processing in
human brain, which is generally believed to act as a ‘relay

station’ or ‘gateway’ that connects with distinct zones of the
cerebral cortex (Saalmann 2014; Sherman 2001). Patients
with local thalamus lesions could have abnormalities of emo-
tion processing, multimodal cognition, perception and moti-
vation, such as schizophrenia, Alzheimer’s disease, autism
spectrum disorder and major depression (Byne et al. 2002;
Skåtun et al. 2017; Zarei et al. 2010; Nair et al. 2013;
Tadayonnejad et al. 2016; Greicius et al. 2007). The functional
organization of thalamus comprises multiple parallel loops
with dense reciprocal connections to nearly all regions of the
cerebral cortex. In other words, the thalamocortical networks
are topographically organized into multiple parallel loops
linking distinct zones of cerebral cortex to specific thalamus
nuclei (Haber 2003), which is considered to underlie basic
alertness, sensory, motor information processing, and atten-
tion processes. Considerable evidence has also demonstrated
the close relationship between neuropsychiatric disorders and
aberrant thalamocortical connectivity (Woodward et al. 2012;
Zhang et al. 2008, 2010).

Premenstrual syndrome (PMS) is defined as moderate-to-
severe emotional, cognitive, physical and behavioral symp-
toms that cyclically occur during the luteal phase and resolve
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shortly after the onset of menstruation (Halbreich et al. 2007).
It is estimated that 30–40% of reproductive women suffer
from PMS (Ryu and Kim 2015). And women with PMS have
higher rate of medical expenses, higher work absence and
lower occupational productivity, which significantly disturb
the quality life of a subset of women (Jr 2005). However,
the pathophysiology of PMS is not fully understood. To date,
the abnormal central nervous system (CNS) processing may
be involved in PMS. Accumulating functional magnetic reso-
nance imaging (fMRI) studies have revealed that PMS pa-
tients have dysfunctions of several brain regions, mainly in-
cluding the frontal cortex, precentral gyrus, anterior
cingulated cortex, temporal cortex and precuneus (Liao et al.
2017a, b; Liu et al. 2015; Duan et al. 2018; Bondt et al. 2015).
For instance, Liu and his colleagues found that PMS patients
had decreased functional connectivity in the middle frontal
cortex and parahippocampus, as well as increased connectiv-
ity in the temporal cortex and precentral gyrus (Liu et al.
2015). Our team also found that PMS patients had abnormal
regional homogeneity (ReHo) and fractional amplitude of
low-frequency fluctuation (fALFF) in the prefrontal cortex
(PFC) and temporal cortex at the late luteal phase (Liao et
al. 2017a, b; Duan et al. 2018). Pathogenetic theories posit
that a disorder of neurosteroid metabolism or action results
in a luteal phase deficit in γ-aminobutyric acid (GABA)-me-
diated inhibition in PMS (Smith et al. 2003). The inhibitory
GABA neurons of thalamus are associated with the generation
of normal and abnormal synchronized activity in the
thalamocortical networks (Kim et al. 1997). Recently, our
voxel-based morphometry (VBM) study reported that PMS
patients had morphological change of thalamus and abnormal
thalamic-prefrontal structural covariance pattern by structural
MRI (Liu et al. 2018). In view of these existent findings and
the fundamental importance of thalamocortical networks, it
raises an interesting question: whether there exists abnormal
functional connectivity between different cortical areas and
specific thalamic nuclei in PMS patients, which may account
for the clinical symptoms of PMS. Determining the
specificity of thalamocortical networks abnormalities
could be valuable for our understanding of PMS.
However, to our best knowledge, few studies have ex-
plored thalamocortical dysconnectivity in PMS patients.

The focus of this study was to map intrinsic connectivity
between the specific thalamus and distinct zones of cerebral
cortex, and to explore potential relationships between the neu-
roimaging findings and clinical characteristics of PMS.
Functional connectivity method based on resting-state fMRI
is considered to be an ideal method for examining the integrity
of thalamocortical connectivity (Zhang et al. 2008). Thus, we
used this method to elucidate PMS-related alterations of
thalamocortical connectivity in this study. Here, we hypothe-
sized that 1) patients and healthy control (HC) group would
exhibit specific thalamocortical functional connectivity,

respectively; 2) PMS patients may have thalamocortical
dysconnectivity, particularly implicated in emotion, cognition
or attention processing; and 3) the neuroimaging findings
would be associated with several clinical characteristics.

Methods

Experimental paradigm

To exclude organic diseases and verify menstrual cycle stage,
gynecological examination and B-ultrasonic wave
were adopted for each participant before the study. Based on
the participants' physical characteristics and hormone level, all
the participants were arranged to undergoMRI scanning in the
late-luteal phase, ranging from 1 to 5 days before menstrua-
tion. To obtain a low level and relatively stable of endogenous
estradiol and cortisol (Bao et al. 2004), all MRI scanning were
carried out between 8:00 p.m. and 10:00 p.m.

Participants

Twenty-three PMS patients and twenty-two HCs were recruit-
ed through advertisement in the Guangxi University of
Chinese Medicine. Each participant was individually diag-
nosed by a gynecologist with 10 years of experience. The
recruitment criteria and evaluation of PMS patients were
based on the recommendations and guidelines described by
Halbreich et al. (2007). The inclusion criteria for recruitment
of patients were as follows: 1) aging from 18 to 45 years old;
2) being right-handed; 3) having regular menstrual cycles
ranging from 24 to 35 days; 4) the premenstrual symptoms
occurred up to 2 weeks before menses in most menstrual cy-
cles; 5) the symptoms alleviated shortly following menses and
were absent during most of the mid-follicular phase of the
menstrual cycle; 6) the menstrual-associated periodicity, oc-
currence during the late luteal phase of cycle (days −5 to −1)
and absence during the mid-follicular phase (days +6 to +10)
were documented by repeated observations by the PMS pa-
tients basing on daily record of severity of problems (DRSP)
criterion, and the mean score in the luteal phase was at least
30% greater than the follicular phase; 7) the symptoms were
not just a worsening of another physical chronic or mental
disorders; and 8) the symptoms were related to impairment
in daily functioning and/or relationships and/or caused suffer-
ing, behavioral, physical and emotional distress. The inclusion
criteria for HCs were similar to those for PMS patients except
the premenstrual symptoms. The exclusion criteria for all par-
ticipants were: 1) being currently pregnant or lactating; 2)
having a history of dysmenorrhea, gynecological inflamma-
tion, menopausal syndrome, thyroid disease, bilateral oopho-
rectomy or hysterectomy, mastopathy or cancer, or any other
structural diseases; 3) having obviously psychiatric disorders
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diagnosed according to the Diagnostic and Statistical Manual
of Mental Disorders, 5th Edition (DSM-5) (American
Psychiatric Association 2013), such as delusional mental dis-
order, schizophrenia, schizoaffective disorder, organic mental
disorder, psychotic features coordinated or uncoordinated
with mood or bipolar disorder; 4) treating with any benzodi-
azepines, steroid compound (e.g., hormonal intrauterine de-
vices and oral contraceptives) or other psychoactive drugs that
affecting PMS; 5) having any contraindication of MRI scan-
ning; and 6) being alcohol abuse or smoker.

Questionnaires

To quantify the premenstrual symptoms, eligible participants
were asked to document their daily symptoms for 2 months
using the DRSP questionnaire (Endicott et al. 2006), and re-
quired to finish an assessment of body mass index (BMI),
menophania (years), length of menstrual cycle (days) and
menstruation (days). And Hamilton anxiety scale (HAMA)
and Hamilton depression scale (HAMD) were also used to
quantify each participant’s anxiety and depression level before
MRI scanning.

Imaging data acquisition

Imaging data were acquired on a 3.0 T Siemens Magnetom
Verio MRI System (Siemens Medical, Erlangen, Germany),
using an 8-channel head coil. Head movement was minimized
with foam pillows around participants’ head. Resting-state
fMRI data were obtained with a single-shot gradient-recalled
echo planar imaging (EPI) sequence using the following set-
tings: repetition time (TR) = 2000 ms; echo time (TE) =
30 ms; flip angle = 90°; field of view (FOV) = 240 mm; The
slice thickness was 5 mm (no-gap) with a matrix size of 64 ×
64. Each resting-state fMRI brain volume comprised 31 slices,
and each functional run contained 180 image volumes. The
total scanning time approximately 6 min. High-resolution T1-
weighted anatomical images were then obtained using a three-
dimensional fast spoiled gradient recall sequence with the pa-
rameters as following: TR = 1900 ms; TE = 2.22 ms; flip an-
gle = 9°; FOV = 250 mm; 250 × 250 matrix; slice thickness =
1 mm and slices = 176. During the scanning, each participant
was required to keep eyes closed, to stay awake and think of
nothing systematically. After scanning, each participant was
asked whether she was awaking.

Imaging data preprocessing

The fMRI data were preprocessed and analyzed in DPABI
toolbox (V2.3, http://rfmri.org/dpabi), based on Statistical
Parametric Mapping 12 (SPM12, http://www.fil.ion.ucl.ac.
uk/spm/software/spm12/) on MATLAB platform. The details
of processing methods have been described in prior

publications (Yan et al. 2016; Chao-Gan and Yu-Feng
2010). Briefly, after converting DICOM files to NIFTI im-
ages, the first five time points were discarded from each run
to remove effects of signal instability, and slice-time correc-
tion was employed to correct for acquisition delays within
functional volumes. Next, realignment through rigid body
transformation to correct for head motion. Functional MRI
data with maximum displacement in any cardinal direction
>2 mm or head rotation >2o were discarded from further anal-
ysis. The corrected images were then spatially normalized to
the Montreal Neurological Institute (MNI) space by using EPI
template (Calhoun et al. 2017), resampled to isotropic 3 mm3

voxel size, and spatially smoothed to a Gaussian kernel of full-
width at half maximum of 4 mm. 24 head motion parameters
(6 head motion parameters, 6 head motion parameters first
derivatives, and their corresponding squared items), cerebral
spinal fluid signal (CSF), and white matter (WM) signal were
modelled as nuisance variables and removed with regression.
After the linear trend of time courses removal, band-pass filter
(0.01 < f < 0.1 Hz) was applied to remove the influences of
low-frequency drift and physiological high-frequency noise.

Functional connectivity analysis

Largely consistent with the approach carried by Woodward et
al. (2012), the cerebral cortex was partitioned into six disjoint
regions of interest (ROIs). These cortical ROIs were defined
as 1) the prefrontal cortex consisting of the superior, middle,
and inferior frontal gyri, middle and lateral orbitofrontal gyri,
anterior cingulate gyrus and gyrus rectus; 2) the posterior pa-
rietal cortex (PPC) encompassing the superior parietal,
supramarginal gyrus, angular gyrus, precuneus and posterior
cingulate; 3) the somatosensory cortex involving the
postcentral gyrus; 4) the temporal lobe including the superior,
middle, and inferior temporal gyri, the fusiform gyrus and
parahippocampal gyrus; 5) the motor cortex/supplementary
motor area containing the precentral gyrus and the supplemen-
tary motor area; and 6) the occipital lobe embracing the supe-
rior, middle, and inferior occipital gyri, cuneus and lingual
gyrus. The cortical ROIs were masked using the Laboratory
of Neuroimaging (LONI) probabilistic atlas gray matter tissue
map, excluding voxels below a threshold of 0.15 (Failla et al.
2017; Woodward et al. 2012).

To investigate the specific functional connectivity between
the cortex and thalamus, the six ROIs defined above were
used as seed-to-voxel functional connectivity analysis.
Briefly, the mean time series from each seed (ROI) was ex-
tracted separately as a reference time course, and voxel-based
general linear modeling (GLM) was then employed to quan-
tify the relationship between the seed and the thalamus.
Subsequently, Fisher’s r-to-z transformation was performed
to normalize the resulting r values into z values.
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Statistical analysis

The demographic and clinical characteristics of the PMS pa-
tients and HCs were examined by SPSS 22.0 (IBM, Armonk,
New York). The two-sample t-test was adopted for variables
and the threshold was set at a significance level of p < 0.05.

To delineate the statistical parametric maps between the
thalamus and cortical ROIs, one-sample and two-sample t-test
were adopted to examine only positive functional connectivity
maps (Woodward et al. 2012; Nair et al. 2013) in the PMS
patients and HCs at a threshold of p < 0.05 (family-wise error
(FWE) corrected) within the template of the Oxford Thalamic
Connectivity Probability Atlas.

Within the PMS group, we performed a Pearson’s correla-
tion to examine the potential relationship between the clinical
symptoms (e.g. , HAMA, HAMD and DRSP) and
thalamocortical connectivity showing group differences.
The significant level was set at p < 0.05 with the
Bonferroni correction.

Results

Demographic characteristics

For significant head movement, three PMS patients and one
HCwere excluded. Finally, 20 PMS patients and 21 HCs were
included in this study. Demographic characteristics of PMS
patients and HCs are summarized in Table 1. The HAMD
score of PMS group was higher than that of healthy group
(PMS: mean = 13.10, standard deviation (SD) = 6.54; healthy
control: mean = 8.29, SD = 3.95; p < 0.05). And the DRSP
score in the late luteal phase from PMS patients was signifi-
cantly higher than that from HCs (PMS: mean = 73.47, SD =
7.84; healthy control: mean = 35.17, SD = 7.90; p <
0.001). No significant difference in terms of other de-
mographic and clinical analyses was found (p > 0.05).

Besides, during the late luteal phase, the mean DRSP
score of all PMS patients exceeded 50. And PMS group
averaged 46.24% (SD = 7.06%) increase in the symptom
severity during the late luteal phase of their cycles com-
pared with the mid-follicular phase (Table 2).

Table 1 Clinical and
demographic characteristics of the
participants

Characteristics HCs (n = 21) PMS (n = 20) p value*

Ages (years) 21.38 ± 0.86 21.85 ± 1.72 0.28

DRSP 35.17 ± 7.90 73.47 ± 7.84 <0.001

HAMD 8.29 ± 3.95 13.10 ± 6.54 0.01

HAMA 6.81 ± 6.68 10.50 ± 6.83 0.09

BMI 19.50 ± 1.48 18.60 ± 1.71 0.08

Menophania (years) 13.00 ± 1.09 13.75 ± 1.44 0.07

Length of menstrual cycle (days) 29.80 ± 1.56 29.95 ± 1.76 0.79

Menstruation (days) 5.38 ± 1.11 5.60 ± 1.09 0.53

Data were expressed as mean ± standard deviation

HCs healthy controls, PMS premenstrual syndrome,DRSP daily record of severity of problems,HAMDHamilton
depression scale, HAMA Hamilton anxiety scale, BMI body mass index
* The p value was obtained by two-sample two-tailed t-test

Table 2 Mean score of DRSP stratified by PMS patients

PMS Patients L Phase M Phase %△

PMS_001 62.6 43.0 31.31%

PMS_002 67.0 35.2 47.46%

PMS_003 59.6 37.2 37.58%

PMS_004 66.2 39.6 40.18%

PMS_005 76.6 37.8 50.65%

PMS_006 88.0 46.6 47.05%

PMS_007 67.0 36.0 46.27%

PMS_008 86.8 32.0 63.13%

PMS_009 68.4 33.2 51.46%

PMS_010 65.6 40.6 38.11%

PMS_011 85.2 43.6 48.83%

PMS_012 74.6 40.4 45.84%

PMS_013 74.4 37.8 49.19%

PMS_014 78.8 45.0 42.89%

PMS_015 71.2 35.6 50.00%

PMS_016 73.0 38.2 47.67%

PMS_017 73.0 43.6 40.27%

PMS_018 80.8 35.2 56.44%

PMS_019 74.4 38.0 48.92%

PMS_020 76.2 44.6 41.47%

Total (mean ± SD) 73.47 ± 7.84 39.16 ± 4.15 46.24 ± 7.06%

%△, the within-cycle percent change and calculated as follows: %△ = (L
Phase score - M Phase score)/L Phase score × 100

DRSP daily record of severity of problems, PMS premenstrual syndrome,
L Phase late luteal phase, M Phase mid-follicular phase, SD standard
deviation
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Thalamocortical connectivity

Correlation maps between the cortical ROIs and thalamus for
healthy controls were largely consistent with previous studies
(Woodward et al. 2012; Zhang et al. 2010). Figure 1a exhibits
that each cortical region was correlated with distinct, spatially
restricted regions within the thalamus. Specifically, the PFC
was correlated strongly with the anterior and dorsomedial re-
gions of the thalamus; The PPC was functionally connected to
lateral posterior portions and pulvinar; The somatosensory
cortex correlated with the ventral posterior-lateral nucleus of
the thalamus; The temporal and occipital lobe were function-
ally connected to the posterior medial and lateral regions of
the thalamus, respectively; The motor cortex/supplementary
motor area correlated with the ventral lateral portions of thal-
amus. PMS patients also exhibited a high degree of segrega-
tion in the thalamus. The functional connectivity maps of
PMS patients were similar to the ones of HCs.

The results of group differences in thalamocortical connec-
tivity are shown in Fig. 1b. Compared to HCs, the PMS pa-
tients had significantly decreased connectivity between the
PFC and right dorsomedial thalamus, and increased connec-
tivity between the PPC and the lateral posterior nucleus.
Furthermore, we detected that the connectivity of prefrontal-
thalamus negatively correlated with DRSP score (r =
−0.59, p = 0.006) in the PMS patients. No other

correlation between the connectivity changes and clini-
cal symptoms, including HAMA and HAMD, were
found in PMS patients (p > 0.05) (Fig. 2).

Discussion

In the current study, the resting-state fMRI was used to iden-
tify the specific of thalamocortical network dysconnectivity in
PMS patients. We found that 1) compared to HCs, PMS pa-
tients had decreased functional connectivity between the PFC
and dorsomedial thalamus as well as increased functional con-
nectivity between the PPC and lateral posterior thalamus; and
2) the connectivity of prefrontal-thalamus negatively correlat-
ed with DRSP score in PMS patients.

One of compelling findings of this study was that the tha-
lamic functional connectivity with the PFC was decreased in
PMS patients. The PFC is a collection of interconnected neo-
cortical regions that has access to diverse information about
both the external state of the world and the internal state of the
system of cognitive control (Ridderinkhof et al. 2004).
Among the emotion-related brain systems, PFC has widely
been considered to be primarily implicated in elaborating up-
on and regulating the more basic emotional processes occur-
ring in subcortical regions (Dixon et al. 2017). Nearly most of
studies of affective disorders are associated with prefrontal

Fig. 1 Functional connectivity between the cerebral cortex and thalamus.
a Each cortical region was specifically correlated with distinct regions of
the thalamus in both PMS patients and HCs. b Comparison between

groups demonstrated decreased prefrontal connectivity with the
thalamus and increased connectivity between the posterior parietal
cortex and thalamus in PMS patients
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dysfunction, including bipolar disorder, depression and anxi-
ety (Frye et al. 2007; Goldin et al. 2009; Bishop et al. 2004;
Davidson 2002). And altered functional connectivity between
the PFC and dorsomedial regions of thalamus have been re-
ported in schizophrenia (Woodward et al. 2012). Thereby, our
finding may suggest that the aberrant circuit involving the
PFC and thalamus may contribute to the functional neuroanat-
omy of PMS. In addition, the DRSP score was used to esti-
mate the severity levels of PMS. The DRSP is recognized as
an easily accessible, well-validated prospective rating scale
that can be used for prospective assessment of symptoms
and impairment at various phases of menstrual cycle, and it
has been used to aid in the diagnosis and evaluation of PMS in
clinical (Ryu and Kim 2015; Endicott et al. 2006; Nevatte et
al. 2013). In the present study, the DRSP score of PMS pa-
tients was significantly higher than that of HCs, suggesting
that PMS patients have higher level of severity symptoms or
experience behavioral and functional impairment. Moreover,
the DRSP score significantly negatively correlated with
prefrontal-thalamus connectivity in PMS group. Hence, we
infer that the more decreased thalamic functional connectivity
with the PFC follows the worse severity of PMS, which would
be one of the crucial underpinnings of PMS.

In the current study, PMS patients also exhibited sig-
nificantly increased functional connectivity between the
PPC and thalamus. The PPC serves as an interface be-
tween sensory and motor cortices and plays a pivotal role
in sensorimotor transformations, perceptual attention and
episodic memory retrieval (Sestieri et al. 2010, 2017).
And the PPC is enrolled in orienting attention to impor-
tant information in the environment on the basis of inter-
nal goals and the sensory distinctiveness and adaptive
value of stimuli (Corbetta and Shulman 2002). For exam-
ple, the functional/structural changes of PPC and thalamus
suggested abnormal attention and emotion modulation
arising from the viscera in irritable bowel syndrome

patients (Seminowicz et al. 2010; Fadgyasstanculete et
al. 2014; Wang et al. 2017). Greene et al. (2014) found
that the distinct sites of PPC were functionally connected
with mood, arousal and the interaction during recognition
memory. Hence, it is plausible to speculate that, with in-
creased thalamic connectivity with PPC, PMS patients
may be more sensitive to emotional arousal and percep-
tion of visceral sensations, which could induce memory
consolidation for unpleasant condition. Further studies on
this issue could be needed in future.

Limitations

There are several limitations of our investigation that merit
consideration. Firstly, our present study was limited by the
relatively small sample size, which could affect the statistical
power and results. Future studies should be reassessed based
on a larger clinical and imaging dataset. Secondly, only young
PMS patients were enrolled in this study, which may limit the
generalizability of the findings. Therefore, future study should
recruit a greater age range of participants. Finally, although we
employed a well-established method to investigate
thalamocortical functional connectivity, there are nonetheless
limitations of the large cortical seeds. Future study with small-
er functional regions will be used to explore the specificity of
connections between more narrowly specialized regions (e.g.
middle orbitofrontal cortex or angular gyrus) and thalamus.

Conclusions

To summarize, we observed altered functional connectivity
between the thalamus and cerebral cortex in PMS. The alter-
ations are characterized by decreased thalamic connectivity
with PFC, and increased thalamic connectivity with PPC.
The altered functional connectivity may partially disturb pro-
cessing of emotion and/or attention, and may enhance un-
pleasant perception of visceral sensations in PMS patients.
Furthermore, the prefrontal-thalamic connectivity might be a
pivotal circuit to the underpinning of PMS because of the
significant correlation between this imaging finding and
DRSP score. We hope that the current preliminary evidence
for abnormal thalamocortical connectivity may contribute to
improving our understanding of the pathophysiology of PMS.
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Fig. 2 Negative correlation between the prefrontal-thalamic connectivity
and daily record of severity of problems (DRSP) score in PMS patients
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