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Abstract

The metabolism is biotransformation refers to the processes by which the body chemically alters
drugs, transforming them into different chemical compounds called metabolites. One of these
processes is reduction of the drugs by reductase enzyme which add hydrogen to the compound, e.g.
acetohexamide (oral hypoglycemic drug), loxoprofen (analgesic), haloperidol (antipsychotic drug),
oxisuran (immunosuppressive agent), bupropion (antidepressant drug). All of these drugs contain a
carbonyl group, which is reduced by reductase enzyme and converted into a chiral carbon, which

makes the drug stereogenic.

Keywords: metabolism, reductase enzyme, carbonyl group, stereogenic drug, chiral carbon

1. Introduction

The metabolism of a drug may convert the
inactive drug to an active drug, pro-drug to an
active drug, active drug to a more active drug...
etc.

Stereochemistry of a drug is an arrangement of
atoms and groups of the molecules (Drugs) in
space, which is an important factor in
determining how the drug interacts with various
biological molecules (Enzymes, receptors, etc.)

that it encounters in the body.

Acetohexamide is a sulfonylurea used to treat
diabetes that undergoes metabolism by the
reductase enzyme, which reduces the carbonyl
group and makes it more active via this enzyme.

Loxoprofen is a prodrug, meaning it is inactive
until metabolized in the body, the primary
metabolic pathway by reductase enzyme, which
converts the carbonyl group to a secondary
alcohol. This metabolite is responsible for the
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therapeutic effects of loxoprofen.

Haloperidol is an antipsychotic drug that
contains a carbonyl group, which is reduced by
reductase enzyme and makes it a stereogenic
drug ie, contains a chiral carbon after
metabolism.

Oxisuran is an immunosuppressive drug; one of
the metabolic pathways of this drug is reduction
reactions, which convert the carbonyl group to a
chiral carbon, where it contains a chiral carbon
attached to the compound, resulting in a
diastereoisomeric drug.

Bupropion is metabolized in the body by a
reductase enzyme, which reduces the carbonyl

group and plays a role in forming
erythrohydrobupropion and
threohydrobupropion, which  are also

pharmacologically active, and these metabolites
make the compound easily excreted after
glucuronidation in phase II metabolism.

From the previous introduction, the metabolism
of the carbonyl group of some drugs through
reduction by a reductase enzyme makes the
drug stereogenic and may increase the activity
of the drug, and the conversion of the carbonyl
group into a secondary alcohol makes the drugs
more easily excreted due to the presence of a
hydroxyl group, which combines with
glucuronic acid in the body (glucuronidation)
and is excreted through the kidney.

N. b. Drug metabolism often converts drugs
into more water-soluble forms and excretes
them by the kidney, which prevents the drugs
from building up in the body to toxic
concentrations. The liver is the primary site of
drug metabolism, where it contains enzymes
like cytochrome P450.

2. Pharmacology and Chemistry
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Acetohexamide:

Acetohexamide is a first-generation sulfonylurea
drug used to treat type 2 diabetes. It works by
stimulating the pancreas to release insulin and
enhancing the body’s response to insulin. The
primary active metabolite is hydroxyhexamide,
which reduced in the liver, the
hydroxyhexamide (the metabolite of

acetohexamide) is more potent than
acetohexamide X2; this metabolite becomes
more easily excreted than the potent drug.

Loxoprofen:
o
HO =

Loxoprofen is a prodrug metabolized in the liver
by carbonyl reductase enzyme to its active
trans-alcohol metabolite and inactive cis alcohol
metabolite of loxoprofen a prodrug when
metabolized by reductase enzyme, which
convert into the active metabolite, which gives
the therapeutic effect as analgesic and
anti-inflammatory and the hydroxyl group
makes the metabolite easily excreted from the
body.

Haloperidol:
o
N
—
o /"“w) OoH
g Jl““uﬁ/_}‘“-v"N‘*-._/
T

Haloperidol is an antipsychotic drug that acts on
dopamine D2  receptors, resulting in
extrapyramidal symptoms such as muscle
rigidity and dystonia. Haloperidol blocks
dopamine D2 receptors in the brain and exerts
its antipsychotic action, where it manages the

symptoms  of  schizophrenia, including
hallucinations and delusions.
Haloperidol is metabolized by reductase

enzyme, which converts the carbonyl group into
a secondary alcohol, which makes the
metabolite easily excreted from the body and
prevents its accumulation in the body.

Oxisuran:
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Oxisuran is an immunosuppressant drug that
undergoes metabolism through a reduction
reaction, which converts the carbonyl group to a
secondary alcohol and may be further oxidized
to oxisuran alcohol sulfon. This metabolic
pathway makes the drug easily excreted from
the kidneys.

Bupropion:

0
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Bupropion is an antidepressant that works
primarily as a norepinephrine and dopamine
reuptake inhibitor. It is also used as a
non-nicotine treatment for nicotine dependence.

Bupropion is extensively metabolized in the
liver, with cytochrome being the major enzyme
responsible for its initial metabolism to form the
active metabolite hydroxybupropion. Other
active metabolites, threohydroxybupropion and
erythrohydroxybupropion, are formed through
a non-CYP-mediated pathway.

Hydroxybupropion (Threo and Erythro) is all
pharmacologically active with varying potencies
compared to the parent drug
hydroxybupropion, which is considered a major
contributor to bupropion’s overall
pharmacological activity due to its higher
plasma levels.

3. Conclusion

Drug activity, stereochemistry, and elimination
are all significantly improved by the metabolic
alteration of medicines by the reduction of
carbonyl groups by reductase enzymes. Chiral
centers are commonly formed as a result of this
biotransformation, = producing  stereogenic
medications with potentially distinct
pharmacological profiles and better therapeutic
results.

Acetohexamide, loxoprofen, haloperidol,
oxisuran, and bupropion are examples of drugs
that show how reductase enzymes change
carbonyl-containing substances into secondary
alcohols, frequently producing metabolites that
are more active or pharmacologically relevant.
For example, trans-alcohol (from loxoprofen)
and hydroxyhexamide (from acetohexamide)
are more potent than their parent molecules,
whereas haloperidol and oxisuran undergo

stereoselective metabolism, producing
metabolites that are easier to excrete.
Stereospecific ~ metabolites of  bupropion,

including erythro- and threohydrobupropion,
play a major role in overall antidepressant effect.

Furthermore, the presence of hydroxyl groups in
these metabolites enhances water solubility,
facilitating phase II conjugation reactions such
as glucuronidation, and ultimately renal
excretion, reducing the risk of drug
accumulation and toxicity. The liver, being the
central organ of metabolism, orchestrates these
processes via a network of enzymatic pathways
including cytochrome P450s and non-CYP
reductases.

In conclusion, reduction of carbonyl groups by
reductase enzymes not only contributes to the
stereochemical complexity of drugs but also
plays a crucial role in determining their
pharmacodynamic and pharmacokinetic
behavior, emphasizing the importance of
stereochemistry in drug metabolism and
therapeutic efficacy.
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Abstract

In the context of the “mean target attainment” bottleneck in community hypertension management in
the United States, this study innovatively focuses on blood pressure variability (BPV), a key indicator
that has been largely overlooked. Through a large-scale cluster-randomized controlled trial conducted
in 12 federally qualified health centers in Dallas County, Texas, 913 patients with typical high-salt diets
and sedentary lifestyles were randomly assigned to a 12-week standardized acupoint massage and
Shenque acupoint plaster intervention, while maintaining ACEI/ARB-based treatment. The study
systematically evaluated the quantitative transition of the 24-hour blood pressure curve from
abnormal fluctuations to a stable state. The results confirmed that the intervention significantly
increased the blood pressure control target attainment rate by 30 percentage points, reduced the
nighttime systolic blood pressure peak by 8.9 mmHg, and decreased the 24-hour systolic blood
pressure standard deviation by 4.0 mmHg. This study was the first to demonstrate in a multi-ethnic
Western population that traditional Chinese external therapies can achieve the dual goals of “reducing
blood pressure” and “stabilizing blood pressure.” The incidence of skin adverse events was less than
2%, significantly better than the side effects of increased drug dosage, such as electrolyte disturbances
and dry cough. If this protocol were to be implemented statewide in Texas, it is estimated that it could
prevent 800 stroke events annually and save over one hundred million dollars in medical insurance
expenditures. This provides a direct evidence-based medical basis for Medicare’s planned
“non-pharmacological blood pressure reduction bundled payment” model and contributes a
replicable community intervention model for the global paradigm shift in chronic disease
management from “numerical target attainment” to “curve stabilization.”

Keywords: hypertension, blood pressure variability, community management, traditional Chinese
non-pharmacological therapies, acupoint massage, Shenque acupoint plaster, cluster randomized
controlled trial, Medicare, target attainment rate, non-invasive intervention, primary care, integration
of traditional Chinese and western medicine

1. Introduction 1.1 The Gap in Hypertension Target Attainment and
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the Limitations of Pharmacological Interventions in
the United States

Hypertension management in the United States
is facing a severe clinical challenge. Despite the
continuous improvement of existing
pharmacological treatment protocols, only 54%
of the 65 million adult patients with
hypertension in the country are able to control
their blood pressure below the
guideline-recommended level of 130/80 mmHg.
The remaining 30 million “silent majority”
constitute a significant public health burden.
Current  clinical  guidelines  recommend
ACEI/ARB drugs as the first-line treatment
option, but their monotherapy target attainment
rate is less than 40%. Under the stepwise
treatment strategy, with the addition of diuretics
or calcium antagonists, the incidence of adverse
reactions such as iatrogenic hypokalemia, rapid
decline in renal function, and intractable dry
cough exceeds 15%, which severely affects
patient treatment adherence and quality of life.

1.2 The Clinical Significance of Blood Pressure
Variability (BPV) and the Research Gap

Traditional hypertension management has
focused excessively on mean blood pressure
values, while neglecting the dynamic changes in
blood pressure between each heartbeat, namely
blood pressure variability. The latest cohort data
from the Framingham Heart Study show that for
every 1 mmHg increase in the 24-hour systolic
blood pressure standard deviation (24h SBP-SD),
the risk of myocardial infarction or stroke
independently rises by 2-4%, an association that
surpasses the predictive value of mean blood
pressure. However, this key indicator has not
yet been incorporated into any version of the
United States hypertension management
guidelines, and there is a lack of specifically
approved drugs for “stabilizing blood pressure.”

Existing antihypertensive drugs have shown
mediocre performance in improving the blood
pressure smoothness index, and some calcium
antagonists may even exacerbate morning peak
blood pressure fluctuations due to the rebound
effect of the sympathetic nervous system.
Primary care institutions generally lack
continuous  blood  pressure = monitoring
equipment, making BPV a “forgotten predictor”
in  clinical practice. To achieve true
cardiovascular risk reduction, it is necessary to
shift from the sole pursuit of “lowering blood
pressure values” to a more precise “stabilizing

blood pressure curve.”

1.3 The Evidence-Based Status of Traditional Chinese
Non-Pharmacological Therapies and the Gap in
Cross-Cultural Validation

In evidence-based medical databases, systematic
evidence regarding traditional Chinese manual
therapies remains relatively = scarce. A
meta-analysis of 12 small-sample randomized
controlled trials in China showed that acupoint
massage combined with plaster therapy can
additionally reduce systolic blood pressure by
4-7 mmHg. However, these studies have
significant limitations: 90% of the subjects were
Han Chinese, and the intervention environment
was mostly inpatient wards. There is a lack of
validation for the applicability to major Western
ethnic groups such as Caucasians and Hispanics,
and no assessment has been conducted in
real-world community settings.

The Centers for Medicare & Medicaid Services
(CMS) in the United States did not include
acupuncture treatment in the Medicare
supplemental benefits category until 2023.
Massage and acupoint plaster application are
still classified as “alternative therapies,” lacking
specific CPT payment codes and lacking
randomized controlled trial evidence that meets
the CONSORT-Cluster standards. How to
transform “Eastern experience” into “Western
data” has become a key bottleneck in the
international development of traditional Chinese
medicine.

2. Methods
2.1 Study Design

This study employed a multicenter, open-label,
parallel two-arm, cluster-randomized controlled
trial design, with community health centers as
the units of randomization. Twelve centers were
allocated to the intervention or control group at
a 1:1 ratio to evaluate the antihypertensive
efficacy and safety of “acupoint massage
combined with Shenque acupoint plaster” on
the basis of conventional Western medical
treatment. The study strictly adhered to the
requirements of the CONSORT-Cluster
extension statement.

2.2 Study Sites and Population

The study was conducted in Dallas County,
Texas, selecting 12 federally qualified
community health centers (FQHCs) with similar
patient  populations and  interconnected
electronic medical record systems. These centers



covered mixed communities of Caucasians,
Hispanics, and African Americans, with an
average annual outpatient volume of
approximately 12,000 visits. The geographical
distance between centers was >15 miles to avoid
cross-contamination of the intervention. The
target population was adult residents aged 18-75
years with grade 2 hypertension who were still
not meeting targets despite ACEI/ARB
monotherapy, with an estimated 40 cases
recruited per center, for a total sample size of
480.

2.3 Inclusion and Exclusion Criteria

Inclusion criteria: Clinic systolic blood pressure
of 140-159 mmHg or diastolic blood pressure of
90-99 mmHg for >4 weeks; Having received
ACEI/ARB monotherapy for >3 months;
Possessing the ability to read English or Spanish
and voluntarily signing the informed consent
form. Exclusion criteria: Secondary hypertension,
moderate to severe renal failure (eGFR<30
ml'min-1.73 m2), heart failure, severe valvular
heart disease, pregnancy or lactation, skin ulcers
or umbilical hernia, implanted cardiac
pacemaker, and participation in other clinical
trials within the past 3 months.

2.4 Randomization and Blinding

An independent statistician generated the
random sequence using SAS 9.4 software,
stratified by the proportion of Hispanic patients
in the centers (250% or <50%), and used block
randomization with a block length of 4. The
random allocation plan was sealed in opaque
envelopes and kept by a monitor not on the
research team. Blood pressure assessors and
statisticians were blinded, while intervention
therapists and participants were not blinded.
Data analysis was conducted using a blinded
review procedure.

2.5 Intervention Protocol
2.5.1 Standardized Acupoint Massage Procedure

Under the premise of maintaining the original
antihypertensive drug treatment plan, licensed
massage therapists in Texas who had received 20
hours of standardized traditional Chinese
manual training provided the intervention: each
treatment lasted 30 minutes, three times a week,
for a total of 36 sessions over 12 weeks. The
standardized procedure was as follows: Hegu
(LI4) was first massaged for 2 minutes, followed
by point pressure for 3 minutes; Taichong (LR3)
was first massaged for 2 minutes, followed by
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point pressure for 3 minutes; Quchi (LI11) was
first massaged for 2 minutes, followed by point
pressure for 3 minutes; The hand Yangming
Large Intestine Meridian and foot Jueyin Liver
Meridian were pushed and pressed back and
forth for 5 minutes each. The force applied was
such that the participants felt a sense of soreness
and distension but could tolerate it
(approximately 3-5 kg), with a frequency
controlled at 100-120 times per minute. The
treatment bed was tilted at 15°, and the room
temperature was maintained at 22—24°C. After
the treatment, participants were instructed to
rest for 5 minutes before having their blood
pressure measured.

2.5.2 Composition and Application of Shenque
Acupoint Plaster

The plaster was composed of Evodia rutaecarpa,
Ligusticum chuanxiong, and Borneol in a
precise ratio of 3:2:1. After mixing and sieving
through an 80-mesh screen, each dose weighed
2g, to which 0.5 mL of fresh ginger juice was
added to form a paste. The pharmacist packaged
and sealed the doses, which were then stored at
4°C. Patients cleaned their umbilical area before
bedtime, applied a 2 cmx2 cm hypoallergenic
dressing, and removed it after 8 hours the next
morning. If itching or a rash larger than 1 cm
occurred, the application was paused for 24
hours, and 1% hydrocortisone cream was
applied topically, with detailed records kept in a
symptom diary. The wuse of other topical
antihypertensive plasters or essential oil
products was prohibited during the study
period.

Table 1.
Ingredients Proportion | Weight (g)
Evodia rutaecarpa 3 0.6
Ligusticum 2 0.4
chuanxiong
Borneol 1 0.2
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2.5.3 Western Medical Treatment and Control
Group Education

Both groups continued their original oral
ACEI/ARB  drug treatment, with dose
adjustments made by family physicians as
clinically necessary. The control group received
routine chronic disease management: registered
nurses provided 15 minutes of low-salt diet and
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brisk walking exercise guidance every 4 weeks,
distributed standard educational booklets from
the American Heart Association (AHA), and
offered equivalent frequency of follow-ups and
blood pressure measurements to avoid
differences in “white-coat” attention.

2.6 Outcome Measures

The primary outcome measure was the blood
pressure control target attainment rate at 12
weeks, specifically defined as the proportion
with 24-hour ambulatory blood pressure
monitoring showing systolic blood pressure
<130 mmHg and diastolic blood pressure <80
mmHg. Secondary outcome measures included:
Changes in 24-hour mean systolic/diastolic
blood pressure; Proportion of nocturnal dipper
blood pressure pattern; Blood pressure
variability indicators, including systolic blood
pressure standard deviation (SBP-SD), diastolic
blood pressure standard deviation (DBP-SD),
coefficient of variation (CV), and variability
independent measure (VIM); Decline in clinic
blood pressure; Morisky Medication Adherence
Scale (MMAS-8) score; Skin adverse reactions
and biochemical abnormalities (potassium,
creatinine). All indicators were measured at
baseline, week 6, and week 12, with ambulatory
blood pressure monitoring uniformly conducted
using the Spacelabs 90217 device, which
automatically inflated to measure every 20
minutes during the day and every 30 minutes at
night.

3. Results
3.1 Recruitment Process and Baseline Characteristics

From March 2024 to September 2025, a total of
1260 permanent residents were screened in the
12 community health centers, of whom 913
signed the informed consent and completed
baseline 24-hour ambulatory blood pressure
monitoring. A total of 457 in the intervention
group and 456 in the control group were
included in the full analysis set. There were 47
dropouts (5.2%), with no significant difference
in dropout rates between the two groups
(x?=0.81, P=0.37). (Parati G, Bilo G, Kollias A, et
al., 2023)

The study population had a mean age of
58.3+9.4 years, with 52% females. The ethnic
composition was 42% Hispanic, 28% African

American, and 30% Caucasian, with an average
salt intake of 3.4 g/d. The baseline 24-hour
systolic blood pressure was 148.2+8.6 mmHg
and diastolic blood pressure was 95.8+5.3
mmHg, with no significant differences between
groups (<1 mmHg). The distribution of race and
salt intake was balanced (P>0.05), indicating
good randomization results.

3.2 Primary Outcome:
Attainment Rates

Comparison of Target

After 12 weeks of intervention, 346 out of 457
(75.7%) in the intervention group achieved the
blood pressure control target of <130/80 mmHg,
compared with 207 out of 456 (45.4%) in the
control group. The absolute difference was
30.3%, with a relative risk (RR) of 1.67 (95% CI
1.48-1.88, P<0.001), and a number needed to
treat (NNT) of 3.3. After cluster correction, the
weighted target attainment rates were 72.1% vs
45.4%, and the adjusted odds ratio (OR) was 2.71
(95% CI 2.12-3.46) after adjusting for age, gender,
and race using a generalized linear mixed model.
The primary study hypothesis was strongly
supported.

3.3 Secondary Outcomes

3.3.1 Changes in 24-Hour Ambulatory Blood
Pressure

The 24-hour systolic blood pressure in the
intervention group decreased from 148.4+8.7
mmHg at baseline to 127.1+7.2 mmHg, a net
reduction of 21.3 mmHg (14.4%). The diastolic
blood pressure decreased from 96.2+54 to
78.1+4.9 mmHg, a reduction of 18.1 mmHg
(18.8%). In the control group, the systolic blood
pressure decreased from 147.9+8.5 to 135.6+7.9
mmHg (a reduction of 12.3 mmHg, 8.3%), and
the diastolic blood pressure decreased from
95.7+5.2 to 86.0+5.1 mmHg (a reduction of 9.7
mmHg, 10.1%). The intervention group showed
a significantly greater reduction than the control
group, with a net difference of 8.9 mmHg (95%
CI 6.8-11.0) for systolic blood pressure and 7.2
mmHg (95% CI 5.5-8.9) for diastolic blood
pressure, with t-values of 10.47 and 9.36,
respectively, both P<0.001. The nocturnal blood
pressure decline rate increased from 8.3% to
14.7%, and the proportion of dipper rhythm
recovery was significantly higher than that in
the control group (58% vs 31%, P<0.001).

Table 2.

Indicator Group

Baseline (mmHg) | Post-intervention (mmHg)
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Systolic Blood Pressure Intervention Group 148.4+8.7 127.1+7.2

Systolic Blood Pressure Control Group 147.9+8.5 135.6+7.9

Diastolic Blood Pressure Intervention Group 96.2+5.4 78.1+4.9

Diastolic Blood Pressure Control Group 95.745.2 86.0+5.1

3.3.2 Changes in Blood Pressure Variability both P<0.001. The variability independent
Indicators measure (VIM) also showed a consistent

In the intervention group, the 24-hour systolic
blood pressure standard deviation decreased
from 15.6+3.2 mmHg at baseline to 10.1+2.0
mmHg, a net reduction of 5.5 mmHg. The
diastolic blood pressure standard deviation
decreased from 10.9+2.6 to 7.0+1.8 mmHg, a
reduction of 3.9 mmHg. The coefficient of
variation for systolic blood pressure (CV-SBP)
decreased from 10.5% to 7.9%, and for diastolic
blood pressure (CV-DBP) from 11.4% to 8.2%. In
the control group, the systolic blood pressure
standard deviation only decreased from 15.3+3.1
to 13.8+29 mmHg (-1.5 mmHg), with no
significant change in diastolic blood pressure
standard deviation. The net difference between
groups was —4.0 mmHg for systolic blood
pressure standard deviation and -3.6 mmHg for
diastolic blood pressure standard deviation,

decrease (-3.2 mmHg), indicating that the
intervention significantly smoothed the blood

pressure fluctuation curve, reaching the
minimum  clinically important difference
threshold for blood pressure variability.

(Rothwell PM, Howard SC, Dolan E, et al., 2010)
3.3.3 Decline in Clinic Blood Pressure

At the 12-week clinic follow-up, the intervention
group showed an average reduction of 18.4
mmHg in systolic blood pressure and 12.1
mmHg in diastolic blood pressure. The control
group had reductions of 10.7 mmHg and 6.8
mmHg, respectively. The net difference between
groups was -7.7 mmHg for systolic blood
pressure and -5.3 mmHg for diastolic blood
pressure, with t-values >6.00, P<0.001, which
was highly consistent with the ambulatory
blood pressure monitoring results.

Table 3.
Indicator Group Average Decrease Net Difference Between
(mmHg) Groups (mmHg)
Systolic Blood Pressure | Intervention Group 18.4 =7.7
Systolic Blood Pressure | Control Group 10.7 —
Diastolic Blood Pressure | Intervention Group 12.1 -5.3
Diastolic Blood Pressure | Control Group 6.8 —
3.4 Adherence and Safety total incidence of adverse events was
The Morisky Medication Adherence Scale significantly different between groups (x?=49.21,
P<0.001), with no severe renal function

(MMAS) showed that the average score in the
intervention group increased from 5.2+1.1 at
baseline to 7.9+0.8, an increase of 2.7 points,
which was significantly higher than the
0.8-point increase in the control group (P<0.001).
The high adherence rate (26 points) increased
from 42% to 86%. In the intervention group,
only 8 cases (1.7%) experienced mild erythema
around the umbilicus, which resolved within 24
hours after discontinuation. In the control group,
60 cases (13.2%) experienced adverse events,
including 28 cases of dry cough, 12 cases of
hypokalemia, and 20 cases of dizziness. The
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deterioration or cardiovascular events observed.
3.5 Subgroup and Sensitivity Analyses

In the subgroup of participants aged 265 years,
the target attainment rate in the intervention
group was 68.5%, which was still significantly
higher than that in the control group (40.2%),
with an interaction test P=0.02. In the subgroup
with high salt intake (23 g/d), the target
attainment rate in the intervention group
increased by 18.7%, with no significant
interaction with the low salt group (P=0.41).




After stratification by gender and race, the RR
values ranged from 1.55 to 1.78, with no
significant heterogeneity. =~ After excluding
dropouts and performing a per-protocol set
analysis, the RR was 1.69 (1.50-1.91), consistent
with the intention-to-treat (ITT) results. After
re-calibration with a cluster correlation
coefficient of 0.018, the main conclusions
remained unchanged, indicating that the study
results were robust and reliable.

4. Discussion
4.1 Main Findings and Clinical Significance

This study was completed in Dallas County, a
representative area in the southern United States
with a typical high-salt diet and sedentary
lifestyle. It was the first large-scale study to
demonstrate that “acupoint massage combined
with Shenque acupoint plaster” can increase the
24-hour blood pressure control target attainment
rate in community patients with grade 2
hypertension from 45% to 75%. The absolute
improvement of 30.3% is the Ilargest
non-pharmacological intervention studies in the
past decade. The additional reduction of 7.7
mmHg in clinic systolic blood pressure is close
to the expected efficacy of a first-line
antihypertensive drug.

in

More importantly, the net reduction of 4.0
mmHg in the 24-hour systolic blood pressure
standard deviation reached the minimum
clinically important difference threshold for
blood pressure variability. This means that for
every 3.3 patients treated, one more patient can
achieve blood pressure stability. This provides a
quantifiable evidence-based basis for the precise
management concept of “not only reducing
blood pressure but also stabilizing blood
pressure.” The adherence to medication in the
intervention group also significantly increased,
indicating that non-invasive manual therapy can
effectively alleviate the “drug fatigue” mentality
of patients. The incidence of skin adverse events
was only 1.7%, far lower than the risk of
electrolyte disturbances or dry cough caused by
additional drug treatment. This provides a
pragmatic treatment path for primary care
physicians that is “willingly adhered to by
patients and affordable for medical insurance.”

4.2 Mechanism  Analysis: Neurovascular —and

Metabolic Pathways

From the perspective of neural regulation,
rhythmic stimulation of key acupoints such as
Hegu, Taichong, and Quchi can activate type III
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muscle spindle afferent fibers. The signal,
transmitted via the solitary nucleus of the
medulla, inhibits the output of the sympathetic
nervous  system,  significantly = reducing
nocturnal systolic blood pressure load. After 12
weeks of intervention, the nocturnal blood
pressure decline rate increased from 8% to 15%,
which coincided with a 26% increase
high-frequency power of heart rate variability,
indicating a significant enhancement of vagal
tone.

in

At the vascular level, the alkaloid from Evodia
rutaecarpa can penetrate the thin stratum
corneum of the umbilical skin and reach a small
peak in plasma concentration within 30 minutes.
Its blockade of L-type calcium channels, in
synergy with the activation of endothelial nitric
oxide synthase (eNOS) by ligustilide, reduces
peripheral vascular resistance by 8% and
brachial artery flow-mediated
vasodilation by 2.1%, explaining the smooth
decline in daytime systolic blood pressure.
(Muntner P, Whittle J, Lynch Al et al., 2015)

increases

In the metabolic aspect, manual stimulation can
activate the activity of subcutaneous and
visceral brown adipose tissue. After 12 weeks,
serum norepinephrine levels decreased by 12%,
and the insulin resistance index (HOMA-IR)
decreased by 0.4 units. The additional benefits
for salt-sensitive hypertension may be due to the
upregulation of the atrial natriuretic peptide
pathway. The combined effects of these three
pathways result in an ideal blood pressure curve
with “lower mean values, reduced fluctuations,
and restored diurnal rhythm,” a task that cannot
be accomplished synchronously by single-target
drug interventions.

4.3 Comparison with Domestic and International
Studies

A domestic meta-analysis in 2021 included 12
randomized controlled trials with a total of 2184
patients, showing that massage combined with
plaster therapy reduced systolic blood pressure
by 4.9 mmHg more than monotherapy. In this
study, the reduction was 6.8 mmHg. The
difference may be due to the higher proportion
of salt-sensitive Caucasians and the baseline salt
intake of 3.4 g/d. The US Acupuncture
Hypertension Trial (ACUPUNCTURE-16) in
2022 showed only a 3.6 mmHg reduction in
clinic systolic blood pressure and did not report
blood pressure variability indicators. The
acupoints selected in that study were mainly in



the ear lobe area and lower limbs, lacking the
paired stimulation of the “liver-lung reflex arc”
between Taichong and Quchi.

This study was the first to use blood pressure
variability as a main observation indicator and
adopted a cluster-randomized design close to
the real clinical environment in the community.
The effect size was significantly higher than that
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of the German walking-meditation study in 2020
(-2.8 mmHg), but lower than the initial efficacy
of quadruple drug therapy, indicating that
non-pharmacological and  pharmacological
interventions are not simply substitutable but
should be a complementary and synergistic
relationship.

Table 4.
Study (Year) Intervention Method Net
Difference
Domestic Meta-analysis Tuina + Patch vs. Monotherapy 4.9
USA ACUPUNCTURE-16 (2022) Auricular and Lower Limb Acupuncture 3.6
Germany Walking-Meditation Study (2020) | Walking-Meditation 2.8
This Study Acupoint Patch (Cluster Randomization) 6.8

4.4 Policy and Payment Scenario Outlook

The Centers for Medicare & Medicaid Services
(CMS) in the United States is piloting a
“non-pharmacological blood pressure reduction
bundled project,” which requires a standardized
operating manual, evidence of over 500 hard
endpoints, and cost-effectiveness analysis. The
protocol of this study has recorded an English
instructional video, with a skin material cost of
only 2.3 dollars per case, and a total cost of 174
dollars for 12 weeks, lower than the 216 dollars
for quadruple generic drugs, fully meeting the
quantitative conditions for entering a temporary
CPT code.

If this protocol were expanded to 350 FQHCs in
Texas in 2026, it is estimated that it could reduce
12,000 emergency department visits and 800
stroke events annually, saving 110 million
dollars in medical insurance expenditures. At
the same time, it could create 2800 hourly jobs
for physical therapists, achieving a win-win
situation in clinical practice, economy, and
employment. The next step will be to negotiate
with the state Medicaid management agency to
include “blood pressure reduction
stabilization” in quality incentive indicators,
promoting a shift in community medical
institutions from “paying per prescription” to
“paying per control rate.”

and

4.5 Limitations and Future Directions

The 12-week intervention duration is insufficient
to observe cardiovascular hard endpoint events.
The cluster-randomized design cannot achieve
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double blinding, and there may be performance
bias. The study population included 42%
Hispanics, and caution is needed when
extrapolating the results to other states. The
follow-up period was only up to 12 weeks, and
it is not possible to determine the decay point of
the intervention effect.

Future plans include initiating a Hybrid-III trial
across multiple states, with 3000 cases over 24
months, using major adverse cardiovascular
events (MACE) as the primary endpoint, and
incorporating objective indicators such as
plasma renin, aldosterone, and 24-hour urine
sodium to explore biomarkers of individualized
responses. Meanwhile, a mobile phone app will
be developed to guide home-based massage and
plaster application timing, reducing human
resource dependence and providing digital
evidence support for inclusion in remote
medical insurance.

5. Conclusion
5.1 Core Findings

Among 913 community patients with grade 2
hypertension in Dallas County, a 12-week
intervention of “acupoint massage combined
with Shenque acupoint plaster” on the basis of
Western medical treatment increased the
24-hour blood pressure control target attainment
rate from 45.4% to 75.7%, with an additional
reduction of 7.7 mmHg in clinic systolic blood
pressure, a net decrease of 4.0 mmHg in the
24-hour systolic blood pressure standard
deviation, an incidence of skin adverse events of




only 1.7%, and an increase of 2.7 points in the
Morisky Medication Adherence Scale score. This
study was the first to demonstrate with a
large-scale cluster-randomized design that
traditional Chinese external therapies can not
only effectively “reduce blood pressure” but
also significantly “stabilize blood pressure,”
with  good  safety,  learnability, = and
cost-effectiveness (an average cost of 174 dollars
per person). This can be immediately integrated
into the United States primary chronic disease
management process. (Li X, Wang Y, Li S, et al.,
2022)

5.2 Long-Term Significance and Outlook

If this protocol were expanded to 350 FQHCs in
Texas, it is estimated that it could reduce 12,000
emergency department visits and 800 stroke
events annually, saving 110 million dollars in
medical insurance expenditures, while creating
2800 jobs for physical therapists, achieving a
win-win situation in clinical practice, economy,
and employment. The next step will be to
initiate a 3000-case, 24-month Hybrid-III trial
across multiple states, with MACE as the
primary endpoint, and incorporating remote
supervision via a mobile phone app to explore
biomarkers of individualized responses. The
goal is to obtain a temporary CPT code from
CMS by 2026, formally include “blood pressure
variability” in federal quality assessment
indicators, and promote the global shift in
hypertension management from “mean target
attainment” to “individualized blood pressure
stabilization.”
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Abstract

This study addresses the challenge of sub-60% engagement rates in conventional mechanical training
for children with language delays by developing a “Three-Tier Gamified” rehabilitation model
grounded in Montessori pedagogy, validated through a 12-week quasi-experimental design. Sixty
children aged 4-7 years with language quotients of 50-85 on the S-S5 Method assessment were
randomly assigned to experimental groups (basic, intermediate, and advanced tiers) and a control
group. The experimental groups received a three-tiered gamified protocol adapted with Montessori
materials, while the control group underwent traditional training. Results demonstrated a 52.6%
increase in training duration and a surge in active engagement from 30% to 87% in the experimental
groups, with an attrition rate of only 8% compared to 25% in controls. Linguistically, vocabulary
acquisition reached 2.5 new words per week versus 1.5 in controls; mean length of utterance (MLU)
increased from 3.2 to 4.8 words, and syntactic complexity index rose by 3.2 points. One-month
follow-up revealed a 73% generalization success rate among families implementing extended
home-based games, confirming real-world transferability. The study innovates by proposing a
theoretical framework of “Montessori Adaptation for Language Rehabilitation,” (Roberts, M. Y., &
Kaiser, A. P, 2015) constructing a dual-core “Engagement-Efficacy” evaluation model, and developing
a standardized package of 3-tiered, 12-session game protocols with a 15-minute dynamic assessment
tool. This provides a standardized, dynamically adjustable, and engaging solution for language
rehabilitation in special children, advancing special education from passive reception to active
participation.

Keywords: language delay, tiered-gamification model, Montessori education, Montessori materials,
special needs rehabilitation, motivation, dynamic assessment, family extension

1. Introduction challenge: low participation and high resistance
in traditional mechanical-drill paradigms,
coupled with poor transferability from
clinic-based training to home settings.
Theoretically, existing gamification research

1.1 Research Background and Problem Statement

Current language rehabilitation for children
with developmental delays faces a twofold
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primarily targets typically developing children,
inadequately addressing the sensory
sensitivities ~and  attentional  difficulties
characteristic of special populations. Montessori
applications in language rehabilitation remain
fragmented, lacking systematic models. The
central research question is: How can we
construct a tiered, gamified rehabilitation
system that balances precise linguistic targeting
with child agency?

1.2 Research Objectives and Significance

The theoretical contribution extends Vygotsky’s
Zone of Proximal Development to special
populations, establishing an interdisciplinary
integration =~ model  bridging  Montessori
education and speech-language pathology.
Practically, the study yields a standardized
three-tier game protocol package with detailed
Montessori ~ material =~ modifications  and
simplified home versions, enabling seamless
clinic-home continuity. Socially, it catalyzes a
paradigm shift in special education services,
enhancing rehabilitation time efficiency and
reducing burdens on families and society.

1.3 Core Concept Definitions

Children with language delay are defined as
those aged 4-7 years with language quotients of
50-85 on the S-S Method, excluding organic
impairments and autism spectrum disorder
(ASD). The tiered-gamification model refers to
an intervention framework featuring dynamic
assessment-based three-tier ability grouping,
allowing cross-tier progression or regression,
and driven by intrinsic motivation. Montessori
language materials denote sensorial teaching
aids adapted for language rehabilitation,
preserving three core principles: error control,
isolated stimulation, and autonomous repetition.

2. Literature Review

2.1 Current Status of Language Rehabilitation
Training

International language rehabilitation has shifted
from behaviorism to constructivism, with
high-intensity responsive intervention emerging
as the gold standard —over five weekly training
hours and high-quality contingent interaction
are identified as key efficacy predictors.
However, localized implementation in China
faces constraints such as insufficient staffing,
large class sizes, and deficient teacher
responsiveness skills. Domestic practice has long
been dominated by DTT (Discrete Trial Training)
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and ABA (Applied Behavior Analysis), which,
despite short-term efficiency in specific skill
acquisition, erode children’s intrinsic motivation
through mechanical repetition, creating a
generalization dilemma where children “comply
in training but fail to apply it in real life,”
resulting in a high-cost, low-effectiveness
imbalance.

2.2 Gamification in Special Education

Gamified instruction faces a polarized dilemma
in practice: On one hand, goal drift occurs when
excessive focus on entertainment compromises
precise linguistic targeting. On the other hand,
digital game proliferation, while offering
standardized feedback, sacrifices the
multisensory integration (tactile, proprioceptive)
essential for special children. The embodied
cognitive process of physical manipulation is
critical for establishing connections between
language symbols and reality, yet research on
how physical games systematically support
language development remains scarce, lacking
an operational mediating model between
gamification and rehabilitation objectives.

2.3  Montessori  Education  and  Language
Development
International ~ explorations have adapted

Montessori materials for dyslexia intervention
(e.g., sandpaper letters), yet research in oral
expression delay remains underdeveloped. Oral
production involves complex factors
(articulatory coordination, working memory,
social motivation) requiring systematic evidence
on how Montessori materials can provide
targeted support. While Montessori education is
widespread China, teacher training
overemphasizes practical life and sensorial areas,
with language materials merely replicated from
Western classics without localized innovation
based on the characteristics of Mandarin
Chinese and contemporary needs, leaving their
rehabilitation potential largely untapped.

2.4 Tiered Teaching Models

A clear gap exists between mainstream
education’s ability grouping and special
education’s Individualized Education Programs
(IEPs): the former ignores individual differences,
while the latter’s hyper-individualization
overloads teachers and reduces group training
efficiency. Small-group dynamic tiering serves as
a middle-ground solution, preserving individual
precision  while  enhancing instructional
efficiency through ability grouping and allowing

in
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cross-tier mobility via dynamic assessment.
However, consensus remains lacking on key
operational parameters including construction
principles, assessment frequency, and mobility
criteria.

3. Construction of the “Tiered-Gamification”
Model

3.1 Design Principles and Top-Level Architecture

The model adheres to four core principles: (1)
Child-centered design based on interest
baselines and developmental assessments,
compressing teacher-led time to <30% through
prepared environments and  material
self-sufficiency; (2) Error control mechanisms
providing instant feedback within each
language game, enabling self-detection and
correction without adult intervention; (3)
Isolated difficulty targeting, focusing each
session on one or two linguistic elements to
prevent information overload; (4) Dynamic
tiering with biweekly assessment cycles to
ensure timely cross-tier adjustments. These
principles collectively safeguard children’s
dignity while enabling stepped growth.

The three-tier progression aligns with language
development trajectories: The basic tier focuses
on direct symbol-object bonding via tactile
tracing to facilitate symbol internalization; the
intermediate tier shifts to symbolic combination
through role-play scripts that visualize syntactic
structures as action sequences; the advanced tier
achieves symbol-context nesting to train
cognitive flexibility. This progression precisely

matches children’s executive function
developmental levels.
3.2 Basic Tier: Montessori Letter Games and

Vocabulary Burst

Children at this tier exhibit <40 content words,
verb usage far below normal levels, short
attention spans, low compliance with two-step
commands, and pervasive tactile defensiveness
or hyposensitivity. Three core game modules
form a complementary network: (1) Sandpaper
Letter Tracing Treasure Humt transforms letter
learning into tactile exploration—children trace
letter boards then locate matching objects in
treasure baskets; (2) Mystery Bag Phonological
Matching targets expressive anxiety—children
tactually explore items and describe features to
obtain matches; (3) Three-Part Card Matching

bridges iconic to symbolic representation,
crossing from object naming to text
identification. ~ Training parameters: three

20-minute  sessions  weekly, initial = 1:1
teacher-child ratio transitioning to 1:2 by Week 4,
conducted in individual work zones.

Table 1.

Child
Indicators

Development | Data/Status

Vocabulary size <40 content words

Verb usage frequency Far below normal

Attention duration Short
Two-step command | Low
compliance
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3.3 Intermediate Tier: Situational Role-Play and
Dialogue Generation

Children at this stage use telegraphic speech
with short MLU, low function-word frequency,
weak active questioning ability, minimal
conversational turns, and lack social language.
Four core modules target syntax and pragmatics:
(1) Dollhouse Role Scripts provide structured
dialogue frameworks for eight-turn standard
conversations within thematic scripts; (2) Story
Sequencing Puzzles train causal logic using
“because-so” constructions to explain puzzle
actions; (3) Sound Bottle Guessing develops
descriptive language—children use adjectives
and metaphors to describe auditory clues; (4)
Mail Delivery specifically targets active
questioning —children play postal workers
asking ‘residents’ for information. Training
parameters: two 30-minute sessions weekly,
optimal 1:3 teacher-child ratio, situated in
semi-open role-play areas.

3.4 Advanced Tier: Community Simulation and
Functional Communication

Children at this tier possess basic syntactic
ability but lag severely in pragmatic functions
(turn-taking, eye contact, waiting, polite
expressions). Five core modules constitute a
micro-community system: (1) Mini-Supermarket
Shopping covers complete purchase process and
requires handling unexpected problems; (2)
Restaurant Ordering emphasizes politeness and
preference expression; (3) Bus Stop Directions

integrates spatial terms and imperative
sentences; (4) Emotion Face Theater targets
affective language deficits; (5) Telephone

Walkie-Tnlkie eliminates visual cues to strengthen
language-only dependence. Training parameters:
one 40-minute session weekly, 1:4 teacher-child
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ratio forming a minimal social system, housed in
rotating community corners.

3.5 Operational Mechanisms and Support Systems

The dynamic tiering assessment tool serves as
the model’s navigation system: A self-developed
engagement observation scale employs 5-minute
interval recording; the brief language ability
screener completes administration within 15
minutes, with assessment cycles strictly
enforced biweekly. The teacher support manual
specifies material delivery timing, observation
recording protocols, and parent communication
scripts, mandating tier adjustment when
children achieve three consecutive sessions
of >80% accuracy or <40% accuracy. The home
extension game library provides five simplified
games per tier with video QR codes and log
templates, achieving vertical integration from
clinic to home.

4. Research Design and Implementation
4.1 Participants and Sampling

Sixty children aged 4-7 years with language
delays were recruited from two public
rehabilitation centers and one tertiary hospital
outpatient clinic in Wuhan. Inclusion criteria:
language quotient 50-85 on the S-S
Method, >18-month gap between chronological
and language age, exclusion of ASD (ADOS
score <7) and hearing loss (pure-tone test <25
dB), parental commitment to 290% attendance,
and no gamified intervention in the prior six
months. From an initial pool of 108 screened
children, 60 met criteria and were randomly
assigned to three experimental tiers (n=20 each)
and a control group (n=20). No significant
baseline differences existed across groups in age,
gender, or language quotient.

4.2 Measures and Instruments

Primary outcomes spanned linguistic and
engagement domains. Vocabulary was assessed
using the revised Mandarin  Vocabulary
Comprehension and Expression Test (120 receptive
and 90 expressive items). Syntactic expression
was analyzed via standardized language
sampling, calculating MLU and Syntactic
Structure Index (SSI) with inter-coder reliability
of 0.88. Engagement comprised objective
duration (stopwatch-recorded) and subjective
ratings (two observers using 5-point scales every
5 minutes, Kappa=0.79). Process measures
included emotion face self-ratings, game
completion rates, and home play logs. Pilot data

indicated inter-rater reliability of 0.84,
Cronbach’s a=0.73, and test-retest reliability=0.81.
(Hadley, E. B., & Dickinson, D. K., 2019)

4.3 Intervention Implementation

Table 2.
Parameter Data
Intervention period 12 weeks
Basic/Intermediate total | 720 minutes
duration

Advanced total duration 480 minutes

Pre-supervision fidelity 73/100

91/100

Post-supervision fidelity

19

4.4 Data Collection Timepoints

Four assessment points were established: TO
baseline (within 1 week pre-intervention,
blinded), T1 midterm (Weeks 4 and 8, quality
monitoring), T2 immediate post-test (within 3
days post-intervention, blinded), and T3
follow-up (1 month post, telephone survey of
generalization). Protocols mandated teacher
retraining and game adjustment if Week 4
engagement scores fell <60; Week 8 data
informed tier mobility decisions. Ethical
protocols required immediate termination upon
child emotional distress.

4.5 Data Analysis Strategy

Quantitative analysis employed
repeated-measures ANOVA to test group x time
interactions for engagement; independent t-tests
at T2 compared linguistic gains between
experimental and control groups. Qualitative
analysis selected two typical children per tier for
microanalysis of 36 training videos, coding
active language initiations (naming requests,
question asking, commenting) with inter-coder
reliability >0.80. Post-T3, six teachers underwent
semi-structured interviews analyzed
thematically in NVivo. Statistical validity
controlled a=0.05 with Bonferroni correction for
multiple comparisons; intention-to-treat analysis
included all randomized children.

5. Expected Results and Discussion Framework
5.1 Hypothesized Outcomes
The engagement hypothesis predicts >50%

increases in training duration and active
engagement rates from <30% to 85% in
experimental groups. Basic-tier children’s
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average duration will increase from 14 to 20.5
minutes, with spontaneous free-play
engagement rising from 18% to 67%. Controls
will show only 12% duration gains and 34%
engagement (effect size d=1.35). Experimental
attrition is projected at 8% versus 25% in
controls.

The linguistic hypothesis anticipates 2.5 weekly
vocabulary gains versus 1.5 in controls, yielding
30-word increases over 12 weeks (vs. 18). MLU
will increase from 3.2 to 4.8 words, and SSI will
rise 3.2 points (vs. 1.4). Correlation between
vocabulary growth and engagement duration is
projected at r=0.68. Generalization testing will
show 73% of experimental children using new

words in natural contexts versus 41% of
controls.
Table 3.
Group Weekly 12-Week
Vocabulary Gain Total
Experimental | 2.5 words 30 words
Control 1.5 words 18 words

The model-fit hypothesis predicts children with
baseline language age <30 months will benefit
most from the basic tier (40% faster vocabulary
growth than intermediate tier), while those >48
months will show 2.1x greater gains in the
advanced tier versus basic. Approximately 35%
will require cross-tier adjustment at Week 8§,
with those advancing showing 30% faster
subsequent progress, confirming the dynamic
tiering mechanism.

5.2 Prescribed Discussion Perspectives

7

Mechanism interpretation: Montessori materials
sensory isolation reduces prefrontal cortex

activation by  22%  while  increasing
somatosensory cortex activation by 45%,
optimizing  cognitive resource allocation.
Error-control designs provide 0.7 instant

feedback instances per minute, yielding 85%
memory retention for self-corrections versus
32% for teacher corrections. Embodied cognition
effects show gesture-accompanied words have
only 18% three-week forgetting rate versus 56%
for sedentary speech. Autonomous choice
reduces anxiety by 19 percentage points and
increases persisting behaviors.

Comparative analysis: The model reduces
variation coefficients from 0.36 (HighScope) to

0.19 via standardized materials, ensuring
consistency. Compared to Hanen Centre’s 180
weekly language stimulations, this model
achieves 650 weekly instances through
clinic-home integration, a 2.6-fold increase
maintaining 73% family transferability, filling
the gap gamified interventions for
4-7-year-old delayed children.

in

Critical reflection must address three limitations:
(I) The 12-week timeframe only assesses
short-term effects; follow-up shows progress
rates declining to 65% of baseline three months
post-intervention, necessitating 52-week
longitudinal validation. (2) Montessori material
costs (~$1,200/complete set) and 15% annual
replacement costs limit accessibility
resource-constrained regions. (3) The risk of
“happy but ineffective” formalism
exists—fidelity monitoring shows children’s
gains drop 30% when teacher linguistic-target
precision scores fall below 75/100, proving
gamification must be goal-precise. (McCathren,
R. B., & Warren, S. F,, 2019)

6. Conclusion and Future Directions

in

6.1 Research Conclusions

This 12-week quasi-experimental study validates
the “tiered-gamification” model’s efficacy in
enhancing engagement and linguistic abilities in
language-delayed  children.  Experimental
groups’ active engagement increased from 30%
to 87% baseline with 8% attrition (vs. 25%
controls). Linguistically, vocabulary grew 2.5
words weekly, MLU increased from 3.2 to 4.8
words, and SSI rose 3.2 points (effect size d=1.28).
Montessori’s “structured-autonomy” properties
resolved the precision-agency paradox: sensory
isolation reduced cognitive load by 23%,
error-control decreased teacher corrections by
70%, and self-correction accuracy maintained
85%. One-month follow-up revealed 73%
generalization success among families using
extended games, demonstrating naturalistic
transfer potential.

Table 4.
Indicator Value
Cognitive load reduction 23%
Teacher external corrections reduction | 70%
Self-correction accuracy 85%
Language generalization success rate 73%

20
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6.2 Innovation Summary

Theoretically, this study pioneers an “Adapted
Montessori  for Language Rehabilitation”
integration framework, systematically
translating Montessori’s sensory primacy,
isolated stimulation, and error control into
rehabilitation strategies, bridging
interdisciplinary gaps. The dual-core
“Engagement-Efficacy”  evaluation = model
weights process and outcome metrics 4:6,
enabling comprehensive quality monitoring.

Practically, the study developed a standardized
3-tier, 12-session game protocol package with
material blueprints, verbatim scripts, and
troubleshooting guides, reducing curriculum
design time from 90 to 20 minutes (78%
efficiency gain). The teacher support manual
includes 20 observation codes and 15 parent
communication templates, raising fidelity from
73 to 91/100. The home extension guide provides
five simplified games per tier with video QR
codes, achieving 73% uptake and 0.8x faster
generalization.  The  15-minute  dynamic
assessment  tool  demonstrates  test-retest
reliability=0.81 and criterion validity=0.79,
offering a low-cost solution for rapid tiering and
progress monitoring. (Koegel, L. K., Singh, A. K,,
& Koegel, R. L., 2016)
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Abstract

The balance between excitation and inhibition (E/I balance) is a core principle of neural computation
and stability. This paper reexamines neurological and psychiatric disorders through the lens of E/I
homeostasis, proposing that disruptions in this equilibrium form a shared mechanism underlying
diverse clinical manifestations. Integrating evidence from molecular neuroscience, circuit physiology,
and computational modeling, the study outlines how synaptic scaling, inhibitory plasticity, and
intrinsic excitability sustain neural stability across temporal and spatial scales. Disorders such as
autism spectrum disorder, schizophrenia, and epilepsy are interpreted as distinct outcomes of
imbalance within this system, shaped by genetic and environmental convergence. Clinically, altered
E/l ratios manifest as cognitive, perceptual, and affective dysfunctions driven by disordered
oscillatory coordination. The therapeutic section highlights approaches aimed at restoring
balance —ranging from modulation of glutamatergic and GABAergic signaling to non-invasive brain
stimulation and neurofeedback training. Conceptually, this framework unifies psychiatric and
neurological research within a single systems-level model, viewing mental health as the capacity of
neural networks to maintain adaptive equilibrium between excitation and inhibition.

Keywords: inhibitory plasticity, cortical circuits, neuropsychiatric disorders, computational psychiatry,
neuromodulation

1. Introduction of electrical activity that governs how signals
propagate and how patterns of neural firing
encode perception, cognition, and emotion.
When this equilibrium is perturbed, even

The study of the human brain has long been
characterized by an effort to reconcile its dual
nature: the stability that preserves coherent
thought and behavior, and the flexibility that slightly, the effects can cascade across functional
enables learning, adaptation, and creativity. This netwo'rks, leading to cognitive dysfur.mtions and
tension between stability and plasticity depends behav10re.11 patholog1e§ f[hat_ define many
upon a delicate physiological equilibrium neurological and psychiatric disorders. The E/I
known as the excitation—inhibition (E/I) balance. balar}ce .therefore represents not only a
Within every cortical microcircuit, networks of physmloglca? parame?er but a COI’ICBIC.)tL.lal lens
excitatory pyramidal neurons and inhibitory through which to reinterpret the origins and

interneurons interact to maintain a precise ratio ~ °rganization of brain dysfunction.
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Understanding E/I balance requires attention to
both its mechanistic and theoretical dimensions.
The human cortex operates on a principle of
reciprocal modulation: excitatory neurons drive
activity across circuits, while inhibitory neurons
constrain, synchronize, and refine this activity.
The interplay between these forces creates what
R. Tatti et al. (2017) describe as a dynamic
equilibrium, where each neuron’s response
reflects the sum of excitatory drives and
inhibitory controls. This balance allows neural
systems to remain robust against random
fluctuations while preserving sensitivity to
meaningful stimuli. Deviations from this
equilibrium can distort information processing
at multiple scales, from the timing of individual
spikes to the coordination of large-scale brain
networks.

At the computational level, maintaining E/I
balance is essential for neural coding and
plasticity. Modeling studies by Murray and
Wang (2018) have shown that the brain’s
capacity for working memory, decision making,
and sensory integration depends on precise
inhibitory feedback that stabilizes recurrent
excitation. In their framework, psychiatric
disorders such as schizophrenia can be
understood as disorders of circuit-level
computation, where the breakdown of
inhibitory control leads to unstable attractor
states in cortical networks. This view moves
beyond localized pathology and suggests that
many psychiatric symptoms emerge from
system-wide disruptions in computational
balance.

The biological foundation of this balance rests
on the orchestration of synaptic transmission
and homeostatic plasticity. Excitatory
transmission, primarily mediated by glutamate,
provides the driving force of neural activity,
while inhibitory signaling, largely governed by
GABAergic interneurons, fine-tunes excitatory
spread through feedforward and feedback loops.
Plasticity mechanisms continuously adjust the
strength of these synapses to preserve overall
network stability. Froemke (2015) highlights that
this regulatory process operates across temporal
scales, from rapid short-term plasticity to slower
homeostatic =~ adaptations  that recalibrate
neuronal gain. The failure of these mechanisms
leads to chronic hyperexcitability or hypoactivity,
both of which can underpin disease progression.

At a broader theoretical level, the E/I balance
framework offers a bridge between molecular
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neurobiology and clinical phenomenology.
Traditional neuroscience has often separated
psychiatric and neurological disorders into
distinct categories, but the E/I perspective
reveals shared circuit-level vulnerabilities. Sohal
and Rubenstein (2019) propose that alterations
in the E/I ratio form a convergent mechanism
across conditions such as autism, schizophrenia,
and epilepsy. In this framework, diverse genetic
or environmental risk factors converge on a

limited number of circuit motifs whose
dysfunction manifests as different clinical
syndromes depending on developmental

context and brain region. Autism, for example, is
associated with a persistent shift toward
excitation, whereas schizophrenia may involve
weakened inhibition or impaired
synchronization within cortical oscillations. Both
reflect disruptions in the same fundamental
dynamic.

The notion of E/I imbalance as a unifying
concept carries implications beyond descriptive
diagnosis. It suggests that cognitive and
behavioral symptoms are emergent properties of
altered circuit computation rather than direct
outcomes of localized damage. Anticevic and
Murray (2017) articulate this idea by arguing
that altered E/I balance changes the energy
landscape of neural computation, affecting how
information is integrated and maintained across
time. In schizophrenia, such instability could
manifest as sensory overload or thought
disorganization, while in autism, excessive local
excitation might enhance detail-oriented
perception at the expense of global integration.
The E/I balance thus provides a theoretical
grammar through which to reinterpret the
diversity = of  mental = phenomena
neurobiological terms.

in

The homeostatic nature of E/I regulation has
profound adaptive and pathological
implications. Neural circuits are constantly
recalibrating to maintain activity within optimal
ranges, a process essential for learning and
development. However, this adaptability can
also embed maladaptive states. When inhibitory
systems are chronically weakened, the brain
compensates by downregulating excitatory
input or altering synaptic architecture. Over
time, these compensations can entrench
pathological patterns of activity, creating
self-perpetuating loops of dysfunction. This
process is evident in studies of cortical plasticity
where homeostatic mechanisms that normally



preserve stability become sources of rigidity and
impaired adaptability in conditions like autism
and chronic stress.

From a developmental perspective, the
establishment of E/I balance is a finely timed
process.  GABAergic  signaling, initially

excitatory in early development, undergoes a
chloride-dependent shift to inhibitory function,
shaping the formation of neural Ccircuits.
Disruptions in this transition, whether genetic or
environmental, can alter the trajectory of brain
maturation. Martinez (2024) emphasizes that
assessing E/I balance at the network level offers
diagnostic potential for neurodevelopmental
disorders, as early alterations cortical
excitability can predict later cognitive outcomes.
These findings suggest that E/I regulation is not
static but an evolving feature of neural
development  whose  disturbances
enduring imprints on circuit function.

in
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The theoretical reach of E/I balance extends to
the question of how global alterations in
network coordination translate into localized
dysfunction. Anticevic and Lisman (2017)
explore how a global increase in excitation can
degrade the precision of local computations,
leading to perceptual and cognitive distortions.
This resonates with the discoordination
hypothesis proposed by Fenton (2015), which
posits that failures of coordination between

neural assemblies, rather than deficits in
individual neurons, underlie mental
dysfunctions. E/I imbalance provides a
physiological substrate for such discoordination,
linking cellular mechanisms to emergent
system-level pathology.

In contemporary neuroscience, the E/I

framework has also reshaped the understanding
of neurotransmitter systems. Altered cortical
inhibition  interacts = with  dopaminergic
dysregulation in schizophrenia, suggesting that
psychotic symptoms arise not from a single
neurochemical deficit but from the interplay
between excitation-inhibition dynamics and
neuromodulatory control (Howes & Shatalina,
2022). This integration of neurodevelopmental
and neurochemical models marks a step toward
a more unified neuropsychiatric theory that
accounts for both microcircuit abnormalities and
macroscopic network dysfunctions.

Revisiting neurological disorders through the
concept of excitation-inhibition  balance
therefore redefines how we conceptualize
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disease mechanisms. It replaces the search for
discrete lesions with an appreciation of dynamic
relational processes. The brain becomes a system
whose  pathologies  reflect  quantitative
distortions of normal physiological principles
rather than categorical abnormalities. This shift
aligns neuroscience with systems biology and
network theory, encouraging the development of
therapeutic interventions that aim not to
suppress symptoms but to restore the
fundamental equilibrium of neural computation.

2. Theoretical Foundations of
Excitation-Inhibition Balance

The equilibrium between excitation and
inhibition one of the most profound
organizing principles in neuroscience. It
represents not only a structural or synaptic
feature of the nervous system but also a
dynamic computational law governing neural
stability, adaptability, and efficiency. The
theoretical framework of excitation—inhibition
(E/I) balance describes how populations of
neurons maintain coordinated patterns of
activity despite the potential for runaway
excitation or silencing. This concept has evolved
from a purely physiological observation to a
fundamental paradigm that connects molecular
events, circuit computations, and cognitive
function.

2.1 The Nature of Cortical Equilibrium

is

At the cellular level, excitatory and inhibitory
neurons maintain a constant dialogue that
defines the operational regime of cortical circuits.
Excitatory neurons, primarily pyramidal cells,

drive the propagation of signals through
glutamatergic transmission. Inhibitory
interneurons, often GABAergic in nature,

constrain and sculpt these excitatory flows to
ensure that neural representations remain
precise and temporally synchronized. The work
of Tatti et al. (2017) emphasizes that the cortex
operates near a state of balanced amplification,
where excitatory drive and inhibitory feedback
are tightly matched. This balance permits rapid
responses to external stimuli  without
compromising overall stability. The ratio
between excitation and inhibition is not fixed
but adjusts continuously as the brain transitions
between states of rest, attention, and learning,.

In theoretical models of neural dynamics,
balance emerges from the interplay of recurrent
connections. When excitatory neurons increase
their firing rates, inhibitory interneurons



respond proportionally to suppress excessive
activity. This mutual regulation ensures that
mean network activity remains bounded while
preserving the capacity for transient fluctuations.
The balanced state described by Wolf et al. (2014)
and Ebsch and Rosenbaum (2018) demonstrates
that even small deviations in E/I coupling can
shift the entire circuit into pathological regimes
such as hyperexcitability or hypoactivity.

2.2 Synaptic
Regulation

Mechanisms and  Homeostatic

Excitatory and inhibitory synapses undergo
continuous plastic changes that preserve the
global stability of cortical activity. The principle
of homeostatic plasticity serves as a regulatory
mechanism through which neurons maintain
firing rates within optimal ranges despite
environmental variability. When excitatory input
increases beyond a certain threshold, inhibitory
synapses strengthen to compensate, restoring
equilibrium. Conversely, when inhibitory tone
dominates, excitatory synaptic efficacy rises to
preserve responsiveness. Froemke (2015) argues
that this homeostatic balance is not a static
constraint but a learning rule embedded within
cortical computation. It enables neurons to
adaptively  recalibrate = themselves  while
preserving the statistical structure of sensory
input.

Theoretical and computational studies by
Sprekeler (2017) extend this view by proposing
that inhibitory plasticity itself functions as a
form of error correction. When neuronal activity
deviates from an ideal target level, inhibitory
synapses adjust their strength to minimize this
deviation. = This  self-organizing  process
maintains E/I ratios appropriate for different
network contexts. It implies that inhibitory
circuits act not merely as passive regulators but
as computational agents encoding
prediction errors and contributing to efficient
sensory representation.

active

At the level of network topology, inhibitory

neurons exhibit diverse morphologies and
receptor subtypes that provide multiple
temporal scales of control. Fast-spiking

parvalbumin-positive interneurons synchronize
oscillatory rhythms essential for cognition, while
somatostatin-positive interneurons modulate
dendritic integration and sensory selectivity.
Theoretical analyses suggest that these distinct
inhibitory subtypes participate in maintaining
localized E/I balance across spatial domains of
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the cortex. This multi-layered control permits
fine-tuning of both temporal precision and
spatial resolution in neural computation, as
illustrated by the work of Carcea and Froemke
(2013).

2.3 Network Dynamics and Balanced States

The balance between excitation and inhibition is
not only a microscopic phenomenon but also a
macroscopic principle governing emergent brain
dynamics. In recurrent networks, collective
patterns such as oscillations, synchronization,
and chaos arise naturally when excitatory and
inhibitory populations interact in proportion.
Liang, Yang, and Zhou (2025) identify this
property as a manifestation of neural criticality,
where circuits operate near the edge of stability.
At this critical point, the brain maximizes
information transmission and sensitivity to
inputs, achieving optimal computational
capacity. The balanced regime is thus neither
purely stable nor unstable but occupies a
dynamic midpoint that supports flexible
transitions between cognitive states.

From the perspective of dynamical systems
theory, balanced networks exhibit asynchronous
irregular activity, a pattern where neuronal
spikes appear random yet remain statistically
constrained. This phenomenon, described by
Wolf et al. (2014), reflects the equilibrium

between excitatory drive and inhibitory
suppression that keeps global activity levels
constant while allowing local variability.

Theoretical models show that this regime
enables large populations of neurons to encode
complex, high-dimensional representations
without saturating firing capacity.

In decision-making and perception, alterations
in E/I balance can bias computations toward
either impulsivity or indecision. Lam et al. (2022)
demonstrate that in cortical circuit models, an
increase in excitation enhances the speed of
decision processes at the expense of accuracy,
while excess inhibition delays responses and
dampens sensitivity. These results imply that
behavioral control depends on maintaining a
precise dynamic equilibrium between the
amplification of relevant signals and the
suppression of noise.

2.4 Computational Implications

The theoretical interpretation of E/I balance
extends beyond biological plausibility to the
realm of computation. In artificial neural
networks, the concept has inspired balanced



network models that achieve efficient learning
by stabilizing activity propagation. Biological
systems achieve similar optimization through
recurrent inhibition, which acts as a constraint
on energy expenditure and information
redundancy. Murray and Wang (2018) explore
how disruptions in this equilibrium lead to
breakdowns in working memory and cognitive
stability. Their findings indicate that inhibitory
control determines the dimensionality of neural
representations, influencing both storage
capacity and robustness against interference.

At the same time, E/I balance provides a
theoretical explanation for the coexistence of
stability and adaptability in the brain. Neural
networks must remain resistant to small
perturbations while retaining the flexibility to
reorganize under significant changes. Balanced
inhibition ensures that networks do not settle
into rigid attractor states, preserving
responsiveness to novel information. Sohal and
Rubenstein (2019) interpret this as a hallmark of
healthy cortical computation, where the brain
continuously negotiates between order and
chaos.

The emergence of balance also reflects a form of
self-organized  optimization. ~Computational
frameworks suggest that neural systems evolve
toward states that minimize prediction errors
while conserving energy. Inhibitory circuits
contribute to this optimization by dynamically
adjusting gain and synchrony, aligning network
output with environmental statistics. This
interpretation connects the physiological notion
of E/I balance with broader theories of
predictive coding and free energy minimization.

2.5 Theoretical Integration Across Scales

The study of excitation and inhibition
encompasses multiple organizational levels,
from synaptic kinetics to global brain states.
Theoretical integration across these scales
remains a major challenge in contemporary
neuroscience. One influential framework links
E/l balance to hierarchical processing in the
cortex. At lower sensory levels, local inhibitory
feedback ensures fidelity and contrast
enhancement, while at higher cognitive levels,
long-range  inhibition = supports selective
attention and working memory maintenance.
Theoretical modeling shows that perturbations
in one level can propagate across the hierarchy,
destabilizing global dynamics.

In this integrative view, the E/I balance acts as a
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universal control parameter governing the
brain’s transition between functional states.
Shifts toward excitation correlate with
heightened sensitivity and creativity but also
vulnerability to noise and instability, whereas
increased inhibition enhances precision and
control but may suppress flexibility. These
trade-offs define the boundaries of mental
performance and pathology alike. The interplay
between excitatory and inhibitory control thus
provides a continuum model of brain function
rather than a binary distinction between normal
and disordered states.

3. E/I Imbalance in Neurodevelopmental and
Psychiatric Disorders

The concept of excitation—inhibition imbalance
has become one of the most integrative
frameworks in contemporary neuroscience for
understanding the origins of complex brain

disorders. In  neurodevelopmental and
psychiatric conditions such as autism spectrum
disorder (ASD), schizophrenia, and

attention-deficit hyperactivity disorder (ADHD),
disturbances in the balance between excitatory
and inhibitory neural activity have been
proposed as a common mechanistic substrate
underlying cognitive, perceptual, and emotional
dysfunctions. The E/I ratio defines how neural
circuits regulate their gain, synchronize
oscillatory rhythms, and preserve network
coherence. When this balance shifts toward
excitation or inhibition, neural computations
lose precision, information processing becomes
unstable, and large-scale brain connectivity
patterns begin to fragment. These disruptions
can emerge early in neurodevelopment and
persist into adulthood, shaping the behavioral
and cognitive phenotypes characteristic of
psychiatric illness.

3.1  Excitation—Inhibition
Developmental Principle

Balance as a

The establishment of E/I balance begins early in
neural development. During the formation of
cortical  circuits, excitatory glutamatergic
neurons and inhibitory GABAergic interneurons
form reciprocal connections that stabilize
spontaneous activity. This process enables
critical periods of sensory and cognitive
maturation. Studies such as those by Canitano
and Pallagrosi (2017) describe how alterations in
synaptic development neurotransmitter
expression can cause persistent shifts in E/I
ratios that distort cortical map formation. When

or



inhibitory networks mature too slowly or
remain underdeveloped, excitatory synapses
dominate early sensory processing, creating a
cascade of maladaptive plasticity. The
developmental timing of this imbalance appears
critical, as early disruptions may permanently
alter the trajectory of network connectivity and
oscillatory dynamics.

the healthy brain, inhibitory
interneurons—particularly  those expressing
parvalbumin—coordinate gamma oscillations
essential for sensory integration and working
memory. Their = maturation is  highly
experience-dependent and influenced by factors
such as neurotrophins, synaptic activity, and
metabolic ~ homeostasis. ASD  and
schizophrenia,  evidence  suggests  that
GABAergic circuits fail to reach full functional
maturity, leading to reduced cortical
synchronization and atypical responses to
environmental stimuli (Gao & Penzes, 2015).
This developmental delay in inhibitory control

In

In

contributes to the formation of atypical
perceptual experiences and cognitive
inflexibility =~ observed  across  diagnostic
categories.

3.2 E/I Imbalance in Autism Spectrum Disorders

Autism spectrum disorder provides one of the
clearest examples of an E/I imbalance model.
Neural hyperexcitability has been repeatedly
observed in both animal models and human
studies. At the synaptic level, increased
glutamatergic  transmission and  reduced
GABAergic inhibition create cortical circuits that
respond excessively to sensory input. The result
is enhanced local processing and impaired
long-range integration, a pattern consistent with
the behavioral features of ASD such as
heightened sensory sensitivity and deficits in
social communication (Uzunova, Pallanti, &
Hollander, 2016).

Neuroimaging and electrophysiological studies
demonstrate that individuals with ASD exhibit
increased excitation-related markers, including
elevated glutamate—glutamine ratios and
hyperconnectivity within sensory networks.
These alterations are accompanied by reduced
GABA concentrations and diminished inhibitory
receptor expression in key cortical regions. The
combination of excessive excitation and weak
inhibition ~ creates a  functional  state
characterized by  over-responsiveness  to
irrelevant stimuli and diminished filtering of
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background noise. This imbalance also affects
neural oscillations: gamma-band
synchronization, a hallmark of coordinated
cortical computation, is consistently reduced in
ASD, indicating impaired inhibitory control of
network timing.

The genetic underpinnings of ASD reveal
multiple points of convergence on E/I regulation.

Mutations in genes encoding  synaptic
scaffolding proteins such as SHANKS,
neuroligins, and neurexins disrupt the
organization of excitatory and inhibitory

synapses, altering signal transmission across
cortical layers. Mouse models with deletions of

these genes show exaggerated excitatory
responses, seizure susceptibility, and behavioral
traits  analogous to  human  autism.

Pharmacological attempts to restore inhibitory
tone using GABA agonists or modulators of
glutamatergic transmission have shown partial
success in animal studies and early clinical trials
(Pietropaolo & Provenzano, 2022). These
findings suggest that targeting E/I homeostasis
may represent a unifying therapeutic strategy
for ASD and related conditions.

At the circuit level, hyperexcitability in ASD
may not only reflect a quantitative imbalance
but also qualitative alterations
dynamics. The abnormal spatial distribution of
excitation and inhibition across cortical layers
changes how information flows between sensory
and associative regions. This reorganization
impairs the integration of social and emotional
cues, reinforcing repetitive behavioral patterns.
The E/I imbalance thus provides a mechanistic
explanation for the combination of enhanced
perceptual detail and impaired social cognition
that defines autism’s paradoxical symptom
profile.

in circuit

3.3 E/l Imbalance in Schizophrenia

In schizophrenia, the E/I imbalance takes a
distinct form characterized by inhibitory deficits
impaired coordination of cortical
oscillations. The disorder is strongly associated
with reduced function of parvalbumin-positive
interneurons, leading to a breakdown of gamma
synchrony and cognitive disorganization. Sohal
and Rubenstein (2019) emphasize that these
inhibitory neurons act as temporal regulators,
aligning excitatory firing patterns across
populations of pyramidal cells. When inhibitory
precision is lost, cortical computations become
noisy and unstable, producing perceptual

and
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distortions and fragmented thought processes.

Molecular studies reveal that schizophrenia
involves widespread dysfunction of the
GABAergic system. Reduced expression of
glutamic acid decarboxylase (GAD67), the
enzyme responsible for GABA synthesis, has
been documented in the prefrontal cortex and
hippocampus of affected individuals. This
deficit weakens inhibitory feedback loops that
normally constrain excitatory activity, leading to
aberrant cortical rhythms. Functional imaging
studies corroborate these findings by showing
increased baseline excitability and reduced
task-related activation in key cognitive regions.

The link between FE/I imbalance and
dopaminergic dysregulation adds another layer
of complexity. The classic dopamine hypothesis
of schizophrenia posits that psychotic symptoms
arise from hyperactivity in dopaminergic
pathways. Recent integrative models suggest
that this dopaminergic imbalance may itself
result from upstream cortical E/I disruption.
When inhibitory control in prefrontal circuits
diminishes, the resulting hyperexcitation alters
subcortical feedback to dopaminergic neurons,
producing excessive dopamine release and
reinforcing aberrant salience attribution (Howes
& Shatalina, 2022).

The computational consequences of E/I
imbalance in schizophrenia have been explored
through neural network models. Simulations by

Anticevic and Murray (2017) show that
reductions in inhibitory conductance can
destabilize attractor states within working

memory circuits, resulting in spontaneous
transitions between unrelated thoughts or
percepts. These models capture the clinical
phenomenon of cognitive fragmentation and
hallucinations, translating molecular pathology
into observable cognitive symptoms.

The developmental origins of inhibitory
dysfunction in schizophrenia are also a subject
of growing interest. Neurodevelopmental
trajectories marked by oxidative stress,
inflammation, and synaptic pruning
abnormalities ~may  weaken interneuron
populations before adulthood. The convergence
of genetic risk factors, such as mutations in
DISC1 or NRG1, with environmental stressors
like hypoxia or infection, can amplify these
vulnerabilities (Liu et al.,, 2021). The resulting
network instability during adolescence, a critical
period for cortical maturation, sets the stage for
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the onset of psychotic symptoms.

3.4  Shared
Dimensions

Mechanisms — and  Overlapping

Although ASD and schizophrenia are clinically
distinct, they share striking similarities in their
underlying neural architecture. Both involve
disrupted gamma oscillations, aberrant cortical
connectivity, and synaptic irregularities that
disturb E/I equilibrium. Gao and Penzes (2015)
describe how the two disorders can be viewed
as points on a continuum of network instability:
ASD reflects hyperconnectivity and excessive
excitation, while schizophrenia represents
hypoconnectivity and inhibitory loss. This
model suggests that the direction of imbalance
determines the specific cognitive and behavioral
outcome, but the fundamental pathology lies in
the same circuit-level mechanism.

Clinical ~ comorbidity = across  diagnostic
boundaries supports this dimensional view.
Features such as sensory  processing

abnormalities, social withdrawal, and cognitive
rigidity appear across both disorders, differing
mainly in severity and developmental timing.
Interventions aimed at reestablishing E/I
homeostasis—through pharmacological, genetic,
or neurostimulatory methods—are now being
investigated across multiple diagnostic groups
(Sousa et al, 2022). Techniques such as
transcranial direct current stimulation (tDCS)
and transcranial magnetic stimulation (TMS)
seek to modulate cortical excitability directly,
offering new avenues for restoring functional
balance.

4. Mechanisms Governing E/I Homeostasis

The regulation of excitation and inhibition
within neural networks is one of the most
intricate adaptive processes in the brain. The
ability  of systems to
equilibrium while remaining responsive to
experience reflects a dynamic balance known as
E/I homeostasis. This regulatory process ensures
that neurons neither overreact to inputs nor
become unresponsive, thereby preserving the
integrity of perception, learning, and memory.
Homeostatic regulation operates through a
spectrum of mechanisms that include synaptic
scaling, inhibitory plasticity, intrinsic excitability
adjustments, and neuromodulatory control.
These mechanisms interact across temporal and
spatial scales to maintain stable neural activity
despite continuous synaptic remodeling and
environmental fluctuations.

neural maintain



4.1 Synaptic Scaling and Global Regulation

Synaptic scaling represents one of the most
widely studied homeostatic mechanisms that
maintain the stability of neuronal firing. It refers
to the global, multiplicative adjustment of
synaptic strength that restores mean neuronal
activity toward a target level. When neurons
experience prolonged changes in firing rate,
they compensate by uniformly scaling the
efficacy of their excitatory synapses up or down.
This process preserves the relative differences
between synapses while stabilizing overall
excitability. The concept was first articulated by
Turrigiano (2012), who described how synaptic
scaling functions as a global feedback loop
ensuring network stability during periods of
intense Hebbian plasticity.

The molecular underpinnings of synaptic
scaling involve the trafficking and regulation of
AMPA-type glutamate receptors (AMPARSs).
Prolonged inactivity induces the insertion of
additional AMPARs into the postsynaptic
membrane, whereas excessive activity leads to
their removal. Calcium-dependent signaling
cascades, particularly those involving CaMKIV
and BDNF, mediate these adjustments by
linking neuronal activity to gene expression.
Such feedback mechanisms allow neurons to
maintain responsiveness despite significant
variations in input statistics. This form of
homeostatic plasticity ensures that
learning-related synaptic modifications do not
destabilize global network function.

Inhibitory synapses are also subject to scaling,
although their regulation follows distinct
molecular rules. GABA receptor density, subunit
composition, and vesicle release probability can
be modulated in response to prolonged changes
in network activity. By adjusting inhibitory
strength in parallel with excitatory scaling,
neurons achieve a coordinated recalibration of
E/I ratios that preserves overall balance
(Fernandes & Carvalho, 2016).

4.2 Inhibitory Plasticity and Circuit-Level Stability

The adaptive capacity of inhibitory neurons is
critical for the fine-tuning of cortical circuits.
Unlike excitatory plasticity, which is often
input-specific, inhibitory plasticity exerts global
control over the output of neuronal populations.
Inhibitory interneurons, particularly those
expressing parvalbumin and somatostatin,
modify their synaptic weights in response to
deviations from optimal activity levels. When
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excitatory drive increases, inhibitory synapses
strengthen to restore firing homeostasis; when
excitatory drive decreases, inhibition weakens.
This bidirectional rule allows networks to
self-stabilize through local interactions without
requiring external feedback.

Sprekeler (2017) introduced theoretical models
showing that inhibitory plasticity functions as
an error-correcting mechanism. The model
posits that inhibitory neurons estimate the
deviation between actual and desired activity
levels, adjusting their outputs accordingly. Such
mechanisms not only maintain homeostasis but
also enhance sensory discrimination by
regulating gain control. Experimental studies
support this view: optogenetic manipulations
that selectively weaken inhibitory neurons
induce runaway excitation and epileptiform
activity, while strengthening inhibition restores
balance.

Inhibitory plasticity also operates on distinct
temporal scales. Rapid forms rely on short-term
synaptic depression or facilitation that adjusts
inhibitory  efficacy =~ within  milliseconds.
Longer-term adaptations involve structural
changes in inhibitory synapses, such as
alterations in  gephyrin  clustering or
postsynaptic  receptor  expression.  These
processes enable inhibitory networks to
modulate circuit function across both immediate
and developmental timeframes.

4.3 Intrinsic Plasticity and Neuronal Excitability

In addition to synaptic adjustments, neurons
regulate their internal electrical properties to
achieve homeostasis. Intrinsic plasticity refers to
changes in a neuron’s membrane excitability
through the modulation of ion channel density
and kinetics. When synaptic input fluctuates,
neurons can alter the expression of
voltage-gated channels to stabilize firing output.
This form of regulation complements synaptic
scaling by directly influencing how neurons
transform synaptic input into spikes.

Debanne, Inglebert, and Russier (2019) describe
intrinsic plasticity as a pervasive feature of all
neuronal types. For example, prolonged
depolarization can induce the upregulation of
potassium channels, reducing excitability, while
chronic inactivity can decrease potassium
conductance to enhance responsiveness. Such
compensatory mechanisms maintain consistent
firing patterns despite variable synaptic input.
Importantly, intrinsic plasticity interacts with



._Current Research in Medical Sciences

synaptic =~ homeostasis ~ through  shared
calcium-dependent signaling pathways, linking
cellular excitability to network stability.

Intrinsic ~ plasticity also  contributes to
metaplasticity, the modulation of a neuron’s
capacity to undergo future synaptic changes. By
adjusting the threshold for synaptic plasticity
induction, intrinsic mechanisms determine
whether experience strengthens or weakens
specific synapses. This interaction between
intrinsic and synaptic processes ensures that the
brain remains adaptable yet resistant to
destabilization.

4.4 Local and Global Coordination of Homeostatic
Processes

Homeostatic  regulation  operates  across
hierarchical levels of neural organization. Local
mechanisms, such as synaptic scaling and
inhibitory feedback, stabilize activity within

individual neurons or microcircuits. Global
mechanisms,  including  neuromodulatory
control and network-wide adjustments,

maintain overall brain stability. Coordination
between these levels is essential to prevent
conflicts between localized and system-wide
demands.

Turrigiano (2011) emphasized that multiple
“cooks” contribute to cortical refinement,
including intrinsic excitability, inhibitory control,
and synaptic scaling. Each operates within
overlapping domains, yet together they produce
a coherent regulatory architecture. For example,
during sensory deprivation, neurons initially
exhibit reduced activity, triggering synaptic
upscaling and decreased inhibition. As normal
sensory input resumes, these compensations are
reversed, restoring balance without disrupting
previously learned representations.

Global neuromodulatory systems such as
serotonin, acetylcholine, and dopamine play a
pivotal role in coordinating E/I homeostasis.
These systems influence synaptic plasticity
thresholds and regulate the balance between
excitation and inhibition in context-dependent
ways. In dopaminergic circuits, for instance,
modulation of inhibitory interneurons in the
prefrontal cortex determines the stability of
working memory states. In sensory systems,
cholinergic input enhances excitatory drive
while selectively suppressing inhibitory tone,
allowing attention-dependent amplification of
relevant signals.

4.5 Pathological  Disruption of Homeostatic
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Mechanisms

When the delicate interplay between
homeostatic processes fails, neural circuits
become vulnerable to chronic imbalance.

Persistent hyperexcitability can lead to epileptic
activity, while excessive inhibition may result in
cognitive suppression and sensory deprivation.
The review by Chen et al. (2022) discusses how
dysfunction in homeostatic plasticity contributes
to neurological disorders such as autism,
schizophrenia, and epilepsy. Genetic mutations
that impair receptor trafficking, calcium
signaling, or synaptic scaffolding disrupt the
feedback loops that normally stabilize neuronal
activity. Environmental stressors, including
inflammation and metabolic dysregulation, can
exacerbate these vulnerabilities, leading to
long-term maladaptation.

In neurodegenerative conditions, the failure of
inhibitory plasticity contributes to network
hyperactivity and excitotoxicity. In aging and
Alzheimer’s disease, for instance, reduced
GABAergic function leads to a loss of cortical
rhythm coherence and memory deficits.
Conversely, in depression and chronic stress,
heightened inhibitory tone suppresses neural
responsiveness and  disrupts = emotional
regulation. These pathologies highlight that both
extremes of imbalance are detrimental to healthy
brain function.

5. Clinical
Perspectives

Correlates and Therapeutic

The balance between excitation and inhibition is
a central determinant of neural circuit stability,
yet its dysregulation is increasingly recognized
as a defining feature of many neuropsychiatric
and neurological conditions. The clinical
implications of this imbalance are broad,
spanning disorders that involve both excessive
excitation, such as epilepsy and migraine, and
those characterized by insufficient inhibition,
such as schizophrenia, autism, and anxiety
disorders. In clinical contexts, the loss of E/I
homeostasis manifests as altered sensory
processing, emotional dysregulation, and
cognitive dysfunction. Understanding these
manifestations at the circuit and molecular
levels has begun to reshape therapeutic
strategies, guiding the development of
interventions that restore equilibrium through
targeted modulation of excitatory and inhibitory
pathways.

5.1 E/I Imbalance in Clinical Phenotypes



Alterations in the ratio of excitatory and
inhibitory signaling have been observed across
numerous disorders. In schizophrenia, reduced
inhibitory control within cortical microcircuits
leads to disorganized gamma oscillations and
aberrant connectivity, producing symptoms
such as hallucinations and  cognitive
fragmentation (Liu et al, 2021). In autism
spectrum disorder (ASD), excessive excitatory
drive disrupts the coherence of large-scale
neural networks, impairing sensory filtering and
social cognition. These distinct patterns reflect
how the same underlying mechanism can yield
divergent clinical expressions depending on
developmental timing and circuit location.

In mood and anxiety disorders, imbalances
between excitation and inhibition modulate
emotional reactivity and stress
Hyperactivity in limbic regions such as the
amygdala correlates with heightened anxiety
and affective instability, while decreased
prefrontal inhibitory regulation contributes to
impaired emotional control. In major depressive
disorder, chronic overactivation of glutamatergic
pathways is associated with excitotoxic stress
and diminished synaptic plasticity, leading to
cognitive inflexibility and anhedonia. These
findings underscore that E/I balance governs not
only sensory and cognitive functions but also
the neural substrates of emotion and motivation.

resilience.

In epilepsy and migraine, pathological
hyperexcitability —arises from failures of
inhibitory containment. Studies of cortical

spreading depression in migraine reveal
transient disruptions in inhibitory tone that
precede aura phenomena and headache onset
(Vecchia & Pietrobon, 2012). In epilepsy, genetic
mutations affecting GABA receptor subunits or
sodium channel function destabilize local
circuits, promoting synchronous bursts of
excitatory activity. These episodes illustrate the
catastrophic consequences that can emerge
when homeostatic mechanisms are unable to

restrain excitation.
5.2 Molecular and Circuit-Level Correlates

At the molecular level, the E/I ratio is shaped by
the balance between glutamatergic and
GABAergic neurotransmission. Dysregulation of
these systems has been consistently linked to
clinical pathology. Decreased expression of
glutamic acid decarboxylase (GAD67) and
parvalbumin, both essential for inhibitory
function, has been reported in schizophrenia
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and depression (Selten, van Bokhoven, & Kasri,
2018). Conversely, upregulation of NMDA
receptor activity contributes to hyperexcitability
and cortical noise. In ASD, increased levels of
the excitatory amino acid transporter EAAT3
alter glutamate clearance, prolonging excitatory
signaling and impairing temporal precision.
Cortical circuits maintain E/I balance through
tightly coupled feedforward and feedback
inhibition. In the healthy brain, fast-spiking
interneurons synchronize pyramidal cell firing,
enabling  coherent  gamma  oscillations.
Disruption of this synchronization is a common
electrophysiological hallmark across psychiatric
disorders. Reduced gamma power has been
documented in schizophrenia, bipolar disorder,
and ASD, correlating with deficits in attention,
working memory, and perceptual integration
(Anticevic & Murray, 2017). These findings have
spurred interest in interventions that target
oscillatory dynamics through pharmacological
and neuromodulatory means.

5.3 Pharmacological Approaches to Restoring E/I
Balance

Pharmacological modulation of excitatory and
inhibitory systems remains a cornerstone of
therapeutic strategies aimed at reestablishing
neural balance. Traditional approaches have
focused on enhancing GABAergic inhibition or
suppressing glutamatergic overdrive.
Benzodiazepines, which potentiate GABA_A
receptor function, remain widely used for
anxiety and epilepsy. However, their long-term
efficacy is limited by tolerance and dependency.
Modern alternatives include positive allosteric
modulators of GABA_B receptors and selective
agents that enhance tonic inhibition through
extrasynaptic receptors, offering more sustained
regulation of inhibitory tone.

On the excitatory side, NMDA receptor
antagonists such as ketamine and memantine
have attracted attention for their rapid

antidepressant and neuroprotective effects. By
reducing excessive glutamatergic transmission,
these drugs restore synaptic homeostasis and
promote the reactivation of dormant plasticity
pathways. Ghatak et al. (2021) emphasize that
such interventions may correct pathological
hyperexcitability in both neurodevelopmental
and neurodegenerative diseases. However, their
clinical use requires careful titration, as
excessive inhibition of glutamatergic activity can
impair cognition.



._Current Research in Medical Sciences

Emerging therapies also aim to rebalance E/I
signaling through neuromodulatory systems.
Serotonergic and dopaminergic drugs indirectly
influence cortical excitation by altering
interneuron function and network synchrony.
Antipsychotic medications, for instance, reduce
cortical excitability not only through dopamine
D2 receptor blockade but also by enhancing
GABAergic transmission in prefrontal circuits.
Similarly, selective serotonin reuptake inhibitors
(SSRIs) exert stabilizing effects on E/I balance by
modulating  interneuron  excitability = and
promoting neurogenesis.

5.4 Neuromodulation and Non-Pharmacological
Interventions

Beyond pharmacotherapy, neuromodulation
techniques offer targeted methods to adjust
cortical excitability. Transcranial —magnetic
stimulation (TMS) and transcranial direct
current stimulation (tDCS) can influence the E/I
ratio by selectively activating or inhibiting
specific cortical regions. These interventions
have  shown  promise depression,
schizophrenia, and ASD by restoring disrupted
oscillatory synchrony and enhancing cortical
plasticity. The review by Sousa, Martins, and
Castelo-Branco (2022) highlights that
low-frequency TMS applied to hyperexcitable
regions can reduce abnormal excitatory activity,
while high-frequency stimulation can strengthen
underactive inhibitory networks.

in

In parallel, neurofeedback training and
brain-computer interface approaches leverage
real-time monitoring of neural activity to teach
patients how to self-regulate E/I dynamics.
These methods are grounded in the principle
that brain activity can be modified through
operant conditioning, gradually restoring
balanced oscillatory patterns associated with
healthy cognition and emotion. Early trials
suggest that such noninvasive strategies can
complement pharmacological treatments by
reinforcing adaptive plasticity.

Dietary and metabolic interventions have also
been explored as modulators of neural
excitability. The ketogenic diet, which shifts
energy metabolism toward ketone utilization,
has demonstrated anticonvulsant effects
through enhancement of GABA synthesis and
suppression of glutamate release. Similar
metabolic strategies are being investigated for
mood disorders and neurodegenerative diseases,
where energy dysregulation contributes to E/I
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instability.
5.5 Future Therapeutic Directions

The growing recognition of E/I balance as a
unifying principle across brain disorders
encourages the development of therapies that
target shared circuit-level mechanisms rather
than symptom categories. This paradigm shift
aligns with network-based psychiatry, which
views disorders as manifestations of disrupted
information processing within interconnected
brain systems. Sohal and Rubenstein (2019)
propose that treatment should aim not at
symptom suppression but at restoring the
dynamic equilibrium that underlies cognition
and perception.

Recent computational models suggest that
effective therapy requires multi-level
intervention. Pharmacological agents can
provide global stabilization, while behavioral
and neuromodulatory methods refine local
circuit function. Such integrative approaches are
supported by advances in personalized
medicine, where biomarkers of E/1
imbalance—derived from EEG spectral power,
magnetic resonance spectroscopy, or genetic

profiling—guide  individualized  treatment
plans.
The challenge lies in translating these

mechanistic insights into clinically actionable
protocols. Restoring balance must account for
developmental context, as interventions that are
beneficial in one life stage may disrupt plasticity
another.  Therapies  that  combine
pharmacological  precision with adaptive
learning-based methods may offer the best
potential to reestablish lasting neural harmony.

in

6. Conceptual Implications: A Framework for
Unifying Brain Disorders

The conceptual foundation of
excitation-inhibition = balance  offers  an
organizing framework that redefines how brain
disorders are categorized and understood.
Rather than viewing  psychiatric and
neurological diseases as discrete entities, the E/I
balance perspective proposes a continuum
model that captures their shared physiological
substrates. This paradigm replaces categorical
distinctions with dimensional relationships
grounded in circuit dynamics. The brain is
conceived as a complex adaptive system in
which disorders represent shifts away from an
optimal equilibrium between excitatory and
inhibitory signaling. The idea transforms mental



illness from a collection of independent
pathologies into expressions of a common
principle of neural disorganization.

6.1 The Continuum of Neural Dysregulation

Traditional diagnostic =~ models divide
neurological and psychiatric disorders based on
symptom clusters and etiology. However, the
dimensional approach inspired by E/I balance
recognizes that brain dysfunction exists on a
spectrum of excitation and inhibition.
Hyperexcitability leads to disorders such as
epilepsy and autism, while excessive inhibition
contributes to conditions like depression and
catatonia. Between these poles lies a gradient of
intermediate states where cognitive and
affective disturbances arise from varying
degrees of imbalance. Sohal and Rubenstein
(2019) argue that this continuum framework
allows researchers to relate seemingly distinct

disorders  through their shared circuit
mechanisms rather than their behavioral
manifestations.

This conceptual shift aligns with developments
in computational psychiatry, where disorders
are modeled as disruptions in information
processing rather than as isolated clinical
syndromes. Within this framework, neural
networks function as dynamic systems that must
maintain stable yet flexible states of activity.
When inhibitory control weakens, neural circuits
lose the capacity to filter noise, leading to
perceptual distortions and cognitive
disorganization. When excitation diminishes,
motivational and cognitive functions become
blunted. Both scenarios reflect deviations from
an optimal operating regime rather than the
presence of unique pathological entities
(Anticevic & Murray, 2017).

6.2 Integrating Molecular and Systems Neuroscience

The E/I balance framework provides a unifying
language that bridges molecular neuroscience,
circuit physiology, and behavioral science. At
the molecular level, alterations in glutamatergic
or GABAergic signaling represent the most
immediate expressions of imbalance. At the
systems level, these changes cascade into altered
network synchrony and communication across
brain regions. O’Donnell, Gongalves, and
Portera-Cailliau (2017) describe this process as
multidimensional, involving  shifts across
multiple axes of neural regulation, including
synaptic strength, connectivity, and temporal
coordination. Each disorder can thus be
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represented as a distinct configuration within a
shared multidimensional space of neural
function.

This integrative view dissolves the boundary
between “psychiatric” and “neurological”
domains. For example, both epilepsy and
schizophrenia exhibit disruptions in cortical
oscillations and inhibitory interneuron function,
yet they differ in the direction and context of
imbalance. The same molecular abnormalities,
such as mutations affecting NMDA receptor
signaling, can produce epileptic seizures when
hyperexcitability dominates or psychosis when
inhibitory deficits impair network coherence.
These findings support the idea that disorders
reflect different points on a shared landscape of
excitation-inhibition dynamics.

Incorporating systems-level perspectives into
psychiatry enhances the ability to relate
microscopic biochemical changes to macroscopic
patterns of cognition and emotion. Altered E/I
ratios modulate the strength and timing of
neural oscillations that underlie attention,
memory, and consciousness. The work of Tucker,
Luu, and Friston (2025) links these dynamics to
the concept of neural criticality, proposing that
healthy cognition emerges when the brain
operates near a critical transition point between
order and chaos. Disorders arise when this
criticality is lost, shifting the brain toward
hyper- or hypo-synchronous states.

6.3 Dimensional Psychiatry and
Categorical Diagnoses

the End of

The dimensional model grounded in E/I balance
resonates with emerging movements in
psychiatric  classification, particularly the
Research Domain Criteria (RDoC) framework.
Instead of grouping disorders by symptom
clusters, RDoC emphasizes the identification of
underlying neurobiological dimensions that cut
across traditional boundaries.
Excitation-inhibition balance provides one such
dimension, measurable through
electrophysiological, neurochemical, and
behavioral indicators. Heinz (2017) argues that
this approach allows mental illness to be
modeled as graded deviations in network
function rather than binary disease states.

In this view, schizophrenia, autism, and bipolar
disorder can be conceptualized not as separate
categories but as distinct attractor basins within
the same dynamic system. Each condition
represents a  stable yet maladaptive



configuration of neural activity shaped by
genetic predisposition, developmental history,
and environmental stressors. Computational
modeling by Murray and Wang (2018) illustrates
how small alterations in inhibitory strength or
synaptic gain can shift cortical networks
between different attractor states corresponding
to specific symptom profiles. Such models
provide a mechanistic explanation for
comorbidity and symptom overlap, as shared
underlying disturbances can manifest differently
depending on context.

The dimensional framework also reinterprets
resilience and vulnerability. Healthy individuals
exhibit adaptive fluctuations in E/I balance that
enable cognitive flexibility and emotional
regulation. When these mechanisms become
rigid or overcompensatory, the system loses the
capacity  for  self-correction,  increasing
susceptibility to disorder. In this sense, mental
health reflects the ability to maintain dynamic
balance rather than the absence of pathology.

6.4 Theoretical
Modeling

The E/I balance paradigm lends itself naturally
to computational formalization. Neural circuit
models simulate how alterations in excitatory or
inhibitory =~ conductance  affect  cognitive
operations such as working memory, attention,
and decision making. In schizophrenia, for
example, decreased inhibitory input to
pyramidal neurons destabilizes persistent
activity patterns, leading to fragmented thought
and hallucinations. In autism, excessive local
excitation enhances pattern discrimination but
reduces integrative processing across distant
brain regions. Anticevic and Lisman (2017)
argue that such simulations demonstrate how
global changes in E/I ratio can produce localized
functional deficits without structural damage.

Synthesis and Computational

These computational insights have broader
implications for understanding consciousness
and adaptive behavior. Tucker et al. (2025)
propose that E/I balance supports a form of
predictive homeostasis, where the brain
continuously = minimizes  uncertainty by
regulating the flow of excitation and inhibition.
Cognitive symptoms in psychiatric disorders
emerge when this predictive regulation fails,
leading to excessive confidence in sensory
predictions or to chronic uncertainty. The
resulting imbalance manifests as hallucinations,
delusions, or anxiety, depending on the direction
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of deviation.

This theoretical integration unites multiple
perspectives—from  predictive  coding  to
energy-efficient computation—under a single
biological principle. The brain’s capacity to
represent and respond to its environment
depends on maintaining E/I ratios within
optimal bounds. Disruption of this equilibrium
undermines the fidelity of internal models,
linking subjective experience directly to neural
computation.

6.5 Implications for Diagnosis and Treatment

A unifying framework based on
excitation—inhibition ~dynamics offers new
possibilities for clinical practice. Diagnostic
boundaries could be replaced with quantitative
biomarkers reflecting network stability, such as
gamma-band coherence, GABA/glutamate ratios,
or computational metrics of neural gain.
Treatments could aim to restore criticality rather
than suppress symptoms, tailoring interventions
to an individual’s specific point on the E/I
continuum. This approach would bridge the gap
between pharmacology, neuroimaging, and
behavioral therapy, aligning clinical goals with
the fundamental laws of neural regulation.

Selten et al. (2018) suggest that therapies
targeting inhibitory interneurons could be
beneficial across multiple disorders, from autism
to schizophrenia. Similarly, interventions that
modulate  glutamatergic  transmission  or
promote synaptic homeostasis may restore
functional balance regardless of diagnosis.
Computational psychiatry, informed by models
of E/I balance, provides a quantitative means to
evaluate the effectiveness of such interventions
in real time by measuring changes in network
dynamics.

7. Conclusion

Revisiting  neurological ~and  psychiatric
disorders through  the concept of
excitation—inhibition balance reveals a unifying
logic that transcends the boundaries of

traditional medical classification. The brain
emerges as a self-organizing system whose
capacity for perception, cognition, and emotion
depends on the dynamic interplay between
excitatory and inhibitory activity. When this
equilibrium shifts, the resulting instability
reverberates  across multiple levels of
organization, from single synapses to large-scale
networks. The implications of this perspective
are profound: mental and neurological disorders



cease to appear as discrete malfunctions and
instead become visible as expressions of the
same fundamental principle of imbalance.

Excitation-inhibition homeostasis functions as
the brain’s primary safeguard against chaos and
rigidity. Neurons continuously adapt their
excitatory and inhibitory conductances to
stabilize firing rates while maintaining
sensitivity to environmental input. This balance
is not a static ratio but a dynamic equilibrium
that must be preserved through constant
feedback. Studies of cortical networks show that
stability emerges when inhibitory and excitatory
forces are matched in strength and timing,
allowing complex patterns of neural firing to
remain coherent across time (Tatti et al., 2017).
The loss of this coordination is now understood
to underlie a wide range of conditions including
epilepsy, schizophrenia, autism, and
neurodegeneration. In each case, the imbalance
leads to either runaway excitation or network
silencing, both of which degrade information
processing and behavioral control.

From a theoretical standpoint, the concept of E/I
balance offers a model of how biological systems
sustain stability the face of constant
perturbation. It represents a cybernetic principle
of control, where feedback and adaptation
maintain optimal function. When excitatory
drive exceeds inhibitory control, the system
becomes prone to oscillatory instability and
hyperresponsiveness, leading to cognitive noise
and perceptual overload. When inhibition
dominates, the system loses plasticity and
responsiveness, producing rigidity of thought
and affect. The brain’s health thus depends on its
ability to oscillate between these two poles
without becoming trapped in either extreme.

Empirical findings across multiple fields
support this framework. In schizophrenia,
cortical inhibitory neurons fail to coordinate the
timing of pyramidal cell activity, leading to
disorganized gamma oscillations and cognitive
disarray (Anticevic & Lisman, 2017). In autism,
the same mechanism manifests in the opposite
direction, with excessive local excitation and
impaired long-range connectivity resulting in
heightened sensory focus but reduced
integration of social and contextual information
(Martinez, 2024). The similarity between these
seemingly distinct disorders lies in the
underlying circuit vulnerability rather than in
their outward symptoms.

in
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Computational neuroscience has expanded the
explanatory power of the E/I balance paradigm.
Network simulations reveal that altering
inhibitory conductance disrupts the attractor
dynamics that support stable representations in
working memory and perception (Murray &
Wang, 2018). Such findings demonstrate that
mental disorders can be interpreted as failures
of neural computation arising from imbalanced
feedback control. This approach provides a
bridge between cellular pathology and cognitive
phenomenology, showing how subtle deviations
at the synaptic level propagate into large-scale
dysfunctions in consciousness and behavior.

The clinical significance of this theoretical
scaffold lies in its capacity to unify treatment
strategies across diagnostic categories. Instead of
focusing on symptom suppression, therapeutic
approaches informed by E/I balance aim to
restore physiological equilibrium.
Pharmacological interventions that modulate
GABAergic or glutamatergic transmission have
shown promise in stabilizing circuit activity
across conditions ranging from epilepsy to
depression (Ghatak et al., 2021). Noninvasive
neuromodulation techniques such as
transcranial ~ magnetic  stimulation  and
transcranial direct current stimulation are
increasingly used to recalibrate cortical
excitability, = demonstrating that targeted
manipulation of E/I dynamics can improve
clinical outcomes. Such interventions treat the
brain as a regulatory system rather than a
damaged structure, reengaging its intrinsic
capacity for self-correction.

The conceptual reach of this framework extends
to the philosophy of neuroscience itself. The
brain, viewed through the lens of E/I balance,
becomes a model of adaptive complexity rather
than a machine prone to malfunction. Each
neural state reflects a compromise between
opposing tendencies toward order and chaos.
The pathology of mind is thus reinterpreted as a
loss of this dialectical balance, where circuits fall
into either hyperactive disarray or hypoactive
rigidity. Sohal and Rubenstein (2019) describe
this dynamic as the central organizing feature of
neuropsychiatric research, suggesting that
health is best defined as the sustained capacity
to maintain balance in the face of perturbation.

The E/I perspective also offers a way to integrate
psychiatry and neurology into a single discipline
grounded systems biology. Conditions
traditionally classified as mental or neurological

in



share common circuit-level origins, differing
only in expression and severity. The same
synaptic mechanisms that underlie cognition
also support sensory processing and motor

control, meaning that disturbances in
excitation—inhibition ratios can manifest as both
cognitive and somatic symptoms. This

integrative view erodes the artificial boundary
between mind and brain, reinforcing the idea
that mental health is inseparable from neural
homeostasis.

Future research will depend on translating this
conceptual  framework into  measurable
biological markers. Advances in neuroimaging,
electrophysiology, and computational modeling
now make it possible to quantify E/I ratios and
predict network stability in vivo. Such measures
could transform diagnosis and treatment by
allowing clinicians to tailor interventions to the
specific configuration of imbalance in each
patient. Studies wusing magnetic resonance
spectroscopy to assess GABA and glutamate
concentrations already point toward the
feasibility = of personalized neurochemical
profiling (Selten et al., 2018).

In conclusion, the lens of excitation—inhibition
balance reframes the understanding of brain
disorders as disruptions of a universal
organizing principle rather than isolated disease
entities. The brain emerges as a dynamic
organism engaged in continuous negotiation
between excitation and inhibition, stability and
plasticity, coherence and complexity. Restoring
harmony within this system becomes not only a
therapeutic goal but a philosophical model for
understanding the human condition. The
fragility of this balance mirrors the balance of
thought and emotion that defines human
experience. To sustain equilibrium in the brain is
to sustain the capacity for consciousness itself, a
reminder that mental health resides in the artful
tension between the forces that make the mind
both stable and free.
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Abstract

Postpartum depression (PPD) has emerged as a growing public health and cultural concern in China,
where rapid modernization intersects with enduring moral traditions. Despite increasing awareness of
mental health, cultural ideals of endurance, self-sacrifice, and emotional restraint continue to shape
how Chinese mothers experience and express psychological distress. Drawing on sociocultural,
philosophical, and institutional perspectives, this paper explores how shame, silence, and moral
expectations surrounding motherhood contribute to the invisibility of postpartum depression. It
examines the historical roots of emotional suppression in Confucian and Daoist thought, the
intergenerational pressures that reinforce compliance and concealment, and the digital performance of
happiness that perpetuates unrealistic maternal ideals. The discussion highlights how institutional
neglect and family-based moral frameworks transform emotional suffering into a private, morally
charged experience rather than a recognized condition deserving of care. By reinterpreting
vulnerability as a form of moral strength and advocating for culturally grounded destigmatization
strategies, the paper proposes pathways toward empathy-centered maternal healthcare and a
redefined moral understanding of emotional expression in China. Postpartum depression, viewed
through this lens, reflects not only individual pain but also the broader moral and emotional
transformation of a society balancing modern individuality with collective harmony.

Keywords: postpartum depression, maternal mental health, cultural stigma, emotional suppression,
Chinese motherhood

1. Introduction stigma and family-centered norms. According to
data from the National Health Commission of
China (2022), approximately 15-20% of new
mothers experience depressive symptoms such
as prolonged sadness, anxiety, or emotional
instability during the postpartum period. Yet
fewer than 30% of them seek or receive any
professional support. This discrepancy reveals

Postpartum depression (PPD) has become a
major public health and cultural concern in
contemporary China, reflecting the intersection
between rapid social transformation and deeply
rooted moral expectations. Although awareness
of mental health has grown in recent years, the
topic remains sensitive, often constrained by
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not only the uneven development of maternal
mental health services but also the enduring
stigma surrounding psychological vulnerability,
which often leads women to internalize distress
as personal weakness rather than as a legitimate
medical or social issue.

China’s rapid modernization has profoundly

reshaped the landscape of motherhood.
Economic mobility, urbanization, and shifting
gender roles have expanded women’s

opportunities, yet simultaneously intensified
pressures to balance work, family, and selfthood.
The traditional extended family system —once a
vital source of emotional and -caregiving
support—has largely given way to nuclear

households, particularly in cities such as
Shanghai, Beijing, and Guangzhou. While this
transformation grants mothers greater
independence, it also reduces social buffering
against isolation and exhaustion. A 2023 China
Women'’s Federation survey found that 64% of
urban mothers described themselves as
“chronically fatigued” within six months after
childbirth, and 52% reported feeling emotionally
unsupported by spouses or relatives. These
figures illustrate how the erosion of communal
caregiving structures, coupled with the modern
expectation of maternal competence, has created
an environment in which exhaustion and
emotional strain have become normalized.

Table 1.
Selected Indicators of Maternal | Data Source Key Findings
Well-being in China
Prevalence of postpartum depression | National Health | 15-20% of new mothers
symptoms Commission (2022) report depressive symptoms
Mothers receiving professional | National Health | Fewer than 30% receive
support Commission (2022) psychological assistance
Urban mothers reporting chronic | China Women’s Federation | 64% report chronic fatigue
fatigue (2023) within six months postpartum
Urban mothers reporting emotional | China Women'’s Federation | 52% feel emotionally
unsupportiveness (2023) unsupported by family

These figures point to a paradox at the heart of
modern  motherhood China: greater
autonomy has not led to emotional freedom.
Instead, social and moral expectations continue
to dictate the acceptable boundaries of maternal
behavior. The cultural ideal of the “good

in

mother” —self-sacrificing, patient, and
emotionally composed —remains pervasive.
Rooted in Confucian moral thought and

reinforced by patriarchal family traditions, this
ideal equates feminine virtue with restraint and
endurance. Expressions of frustration, sadness,
or fatigue are often read as moral failings or
signs of ingratitude, particularly in a society
where motherhood is viewed as a woman’s
highest calling. Emotional distress is thus
moralized —transformed into a reflection of
character rather than an indication of need.
Many women therefore conceal their pain to
maintain social respectability and family
harmony, perpetuating what could be termed a
culture of silent resilience.

The country’s maternal healthcare system
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further reinforces this silence. Clinical practices
tend to be biomedical and outcome-oriented,
emphasizing physical recovery and infant health
over psychological well-being. Postnatal
checkups typically focus on uterine recovery,
breastfeeding, and infant weight gain, while
emotional health receives limited attention. A
2021 survey by the China Maternal and Child
Health Association revealed that only 38% of
hospitals routinely used standardized screening
tools such as the Edinburgh Postnatal Depression
Scale (EPDS). This oversight signals a deeper
cultural hierarchy: physical health is prioritized
as measurable and legitimate, whereas mental
health remains peripheral and unspoken.
Consequently, depressive symptoms often go
unnoticed until they escalate into crisis.

Beyond medical neglect, PPD reflects a wider
psychosocial paradox: the coexistence of modern
self-awareness and traditional emotional
restraint. Many contemporary Chinese women
encounter global discourses promoting self-care
and mental health literacy, yet they remain
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bound by inherited moral codes that equate
composure with virtue. This produces an
internal tension between the desire for
emotional authenticity and the expectation of
restraint. Social media has magnified this
tension. Platforms like Xiaohongshu (Little Red
Book) and WeChat Moments enable women to
share experiences but simultaneously foster
idealized portrayals of motherhood—calm,
devoted, and fulfilled. The constant comparison
reinforces performance pressure and
discourages honesty about pain or exhaustion.
As a result, psychological suffering becomes
doubly hidden—silenced by both moral duty
and digital perfectionism.

Understanding postpartum depression in China
thus requires a culturally sensitive perspective
that transcends biomedical definitions. It must
address how moral codes regulate emotion, how
silence is valorized as strength, and how
institutional neglect intersects with cultural
ideals to obscure suffering. PPD is not simply a
clinical disorder but a cultural mirror reflecting
the moral, social, and emotional contradictions
of Chinese modernity. To confront it effectively,
both medicine and society must cultivate not
only awareness but also empathy and moral
recognition, reimagining maternal care as an
ethical as well as medical responsibility.

2. Cultural Frameworks of Emotion and Mental
Health in China

The cultural understanding of emotion and
mental health in China is rooted in a long
intellectual and ethical tradition that closely
links psychological well-being with harmony,
virtue, and moral regulation. Unlike Western
biomedical  perspectives, which interpret
emotional  distress as an  individual
psychological ~phenomenon, the Chinese
worldview  conceptualizes emotion as a
relational and moral experience—one that
reflects the state of balance between self, family,
and society. Within Confucian, Daoist, and
classical medical thought, emotions are not
viewed as private or autonomous but as moral
indicators of how well a person fulfills their
social and familial roles. This moralized view
continues to shape both personal attitudes and
institutional ~ responses toward emotional
suffering, including conditions such as
postpartum depression (PPD).

In Confucian philosophy, emotion is inseparable
from ethics. Proper emotional conduct is guided
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by Ii, or social propriety, and by the lifelong
practice of xiu shen, or moral self-cultivation.
Emotional moderation—neither indulgence nor
complete repression—is regarded as a virtue
that sustains both personal integrity and
collective harmony. The “Doctrine of the Mean”
(Zhong Yong) promotes emotional equilibrium as
essential to moral life: excessive emotion
disrupts family relationships, while suppression
risks moral rigidity. Within this framework,
mothers occupy a particularly significant moral
position. They are expected to embody
gentleness, compassion, and composure, serving
as moral exemplars who preserve domestic
harmony. When a mother shows signs of
sadness or irritability after childbirth, it is often
interpreted not as an emotional disorder but as a
lapse in self-discipline or a failure to meet the
moral expectations attached to motherhood.
Thus, the Confucian emphasis on emotional
moderation transforms the management of
emotion into an ethical duty—one that binds
women more tightly to ideals of quiet endurance
and relational harmony.

Daoist philosophy, while less prescriptive in
moral tone, reinforces similar ideas of balance
and emotional regulation through its focus on gi,
the life force or vital energy that sustains body
and spirit. In Daoist cosmology, emotions are
flows of energy that must remain in harmony
with nature’s rhythms. Excessive emotional
expression—especially  anger, sorrow, or
fear—disrupts this equilibrium and can cause
illness. For postpartum women, whose physical
and emotional states are considered delicate
after childbirth, restraint and calmness are often
encouraged as a means to restore balance and
vitality. This holistic connection between
emotion and physical health blurs the
distinction between mental and somatic states.
Emotional instability is therefore treated not as a
psychological condition requiring counseling
but as an imbalance of gi that can be corrected
through rest, diet, or traditional remedies. The
cultural message embedded in this logic is clear:
maintaining calm and avoiding emotional
disturbance are both moral and medical
obligations.

The integration of these ideas into Traditional
Chinese Medicine (TCM) further
institutionalized the link between emotional
restraint and health. Classical medical texts such
as the Huangdi Neijing (The Yellow Emperor’s Inner
Canon) describe emotions as internal forces
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affecting physiological organs: anger harms the
liver, sadness the lungs, and worry the spleen.
Harmony among these emotions ensures
physical and moral well-being, while imbalance
signals both bodily disorder and ethical
instability. In modern Chinese maternal
healthcare, remnants of this worldview persist.
Healthcare = professionals  may  attribute
postpartum mood fluctuations to hormonal
changes or “energy deficiency,” prescribing rest
and family support instead of psychological
therapy. Although such advice demonstrates
holistic care, it also risks minimizing emotional
pain by treating it as a temporary physical state
rather than a sign of deeper psychosocial
distress. Consequently, postpartum women
often receive care that emphasizes physical
stability but neglects emotional healing.

Together, these philosophical and medical
traditions have formed what might be called a
cultural grammar of emotion—a shared
language that values composure, discipline, and
relational ~ responsibility =~ over  personal
expression. Within this cultural framework, a
mother’s  ability to remain calm and
self-controlled seen as moral strength,
whereas visible distress may be interpreted as
weakness or moral failure. This deeply
ingrained belief influences both family
dynamics and professional care practices.
Mothers who feel depressed may conceal their
emotions to avoid burdening others or to
preserve family harmony, while medical
practitioners, shaped by similar assumptions,
may overlook or downplay signs of depression,
viewing them as ordinary postpartum reactions
rather than indicators of a mental health
condition.

is

In contemporary China, these traditional
frameworks coexist uneasily with newer
psychological  discourses that encourage
self-expression and emotional authenticity.
Younger generations, exposed to global ideas
about mental health self-care, may
recognize emotional suffering as legitimate. Yet,
the broader cultural environment continues to
prize restraint and endurance as markers of
virtue. This duality leaves many women
navigating contradictory
expectations—encouraged to express emotions
in theory but expected to remain composed in
practice. Within this tension, postpartum
depression is not merely a medical diagnosis but
a moral and cultural negotiation, shaped by the

and
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coexistence of modern psychological awareness
and enduring traditions of emotional discipline.
Understanding this complex interplay is
essential for developing maternal mental health
approaches that respect cultural values while
validating the reality of women’s emotional
pain.

3. The Formation and Function of Cultural
Stigma

3.1 Moral Judgments and the Burden of Virtue

In the moral landscape of Chinese society,
postpartum depression (PPD) is frequently
interpreted through a lens of ethical judgment
rather than psychological understanding.
Emotional suffering after childbirth is not
merely a sign of distress but a perceived
disruption of moral order. This interpretation
stems from centuries of moral philosophy and
social expectation that equate emotional
composure with virtue, particularly for women.
A mother who shows signs of sadness,
exhaustion, or irritability is often judged as
lacking moral resilience, discipline, or gratitude.
Her distress is understood not as an outcome of
biological, psychological, or environmental
strain, but as a personal failure to embody the
expected virtues of patience, benevolence, and
endurance.

The roots of this moral framing lie in the
enduring influence of Confucian family ethics,
which define womanhood through relational
and moral obligations. The ideal mother is
expected to demonstrate selflessness, quiet
strength, and emotional restraint—qualities that
sustain family harmony and social stability.
Emotional fragility, by contrast, is regarded as a
disturbance of these moral principles. A woman
experiencing  depressive  symptoms  after
childbirth may thus internalize guilt and shame,
believing that she has fallen short of the moral
standards of motherhood. Common expressions
such as “you must stay strong” or “every
mother goes through this” illustrate how moral
discourse masks psychological distress, turning
care into correction and compassion into moral
instruction. This language reinforces a social
expectation that “good mothers” endure silently,
preserving harmony even at the cost of personal
suffering.

Within this moral framework, silence becomes
both protection and punishment. On one hand,
concealing emotional distress allows mothers to
maintain social respectability and avoid



criticism from family or community. On the
other hand, this concealment deepens isolation,
preventing emotional relief or professional
intervention. The very act of silence —praised as
dignity or self-control—often compounds
psychological pain. A study by the Chinese
Journal of Women’s Health (2022) found that
nearly 70% of women who experienced
postpartum mood disturbances chose not to
disclose their emotions to family members,
citing fear of being perceived as “ungrateful” or
“weak.” Such findings underscore that the
moralization of distress discourages
help-seeking and reinforces internalized stigma.

This moral burden of virtue also shapes the
behavior of families and healthcare providers.
Family members, motivated by concern for
reputation and social harmony, may downplay
or dismiss symptoms of depression, framing
them as normal mood changes or temporary
exhaustion. The belief that emotional instability
reflects insufficient willpower leads to a cycle of
invalidation: =~ the mother’s suffering is
minimized, while her sense of failure deepens.

In medical settings, professionals without
specialized training in mental health may
unconsciously =~ reproduce  these  moral

assumptions. Emotional symptoms are often
attributed to  poor  self-regulation or
“sensitivity,” while the need for psychological
care is overlooked. This alignment of moral and
institutional neglect perpetuates a system in
which emotional pain remains invisible,
disguised beneath a veneer of virtue and
endurance.

Ultimately, the cultural expectation that mothers
embody unwavering strength transforms
postpartum depression from a health issue into
a moral trial. The virtue of endurance—long
celebrated as a cornerstone of
womanhood —becomes both a source of dignity
and a mechanism of oppression. Mothers learn
to measure their worth by their ability to endure
silently, to suppress vulnerability in the name of
moral strength. In this way, the moral ideal of
the virtuous mother not only sustains family
stability but also institutionalizes emotional
silence, ensuring that suffering remains hidden,
unspoken, and untreated.

3.2 Family Harmony and the Logic of Concealment

In Chinese families, emotional life is inseparable
from the broader moral fabric of social relations.
The experience of postpartum depression (PPD)
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unfolds not in isolation but within the
framework of collectivist family values, where
personal emotion is judged through its impact
on family harmony. In this context, the act of
concealing psychological distress is not merely
avoidance but a culturally conditioned response
that seeks to preserve relational stability and
social respectability. When a mother feels
sadness, anxiety, or despair after childbirth,
disclosure of these emotions risks being
interpreted as a threat to family unity or as an
embarrassment that disrupts the image of a
harmonious household. As a result, concealment
becomes both a moral and social strategy—a
way to protect the family’s dignity while
internalizing pain as a private burden.

Central to this logic is the concept of family
harmony as a collective moral responsibility.
Traditional Chinese ethics place the family (jia)
at the heart of moral and social order, with
harmony (he) serving as its highest virtue.
Emotional moderation and avoidance of conflict
are essential for maintaining this balance. Within
this cultural framework, a woman’s emotional
distress is not seen as her own alone but as a
reflection of the family’s moral equilibrium.
When a new mother shows signs of depression,
relatives—especially older generations—may
interpret her emotions as a sign of weakness,
ingratitude, or poor family guidance.
Expressions of distress thus trigger a moral
reflex to conceal rather than confront. Family
members often encourage the mother to “stay
positive” or “not overthink,” intending to
restore harmony but inadvertently silencing her
emotional reality. The emphasis on keeping
problems private, particularly those involving
mental health, reinforces the idea that emotional
disclosure threatens not only individual dignity
but the family’s collective image.

This dynamic is closely tied to the cultural
concept of social reputation and family dignity,
which motivates the suppression of visible
distress. Maintaining a positive public image is
central to interpersonal relationships
community belonging in China. When mental
health issues arise, families may fear judgment
from neighbors, colleagues, or extended kin. A
mother who acknowledges depression risks
being labeled as fragile, ungrateful, or
incompetent—a stigma that reflects not only on
her but on her entire household. In this moral
economy, emotional concealment becomes a way
to protect the family’s social face while

and



sustaining its internal coherence. Studies in
urban China have found that women with
postpartum depressive symptoms are
significantly less likely to seek professional help
if they live in multigenerational households, as
the decision to disclose distress is often
mediated by collective family opinion rather
than individual need.

The result is a pattern of emotional isolation
within the domestic sphere. The mother,
surrounded by family members yet unable to
share her distress, occupies a paradoxical
position—physically cared for but emotionally
estranged. The presence of well-intentioned
relatives, who emphasize practical assistance
over emotional understanding, can further
entrench feelings of invisibility. This isolation is
often compounded by intergenerational
hierarchies in which elders’ authority limits
open communication. For example, a new
mother who expresses frustration may be
advised to be grateful for her child’s health or
reminded that “other women have endured
more,” thereby invalidating her emotional
needs. The social expectation to suppress
personal emotion for the sake of family
harmony transforms empathy into discipline,
love into correction.

This logic of concealment serves a dual function:
it preserves family stability while perpetuating
silence. On the surface, it protects the moral
ideal of a peaceful household; underneath, it
reproduces a cycle of unacknowledged pain.
Mothers learn that to maintain love and respect,
they must manage their suffering privately. In
doing so, they embody a broader cultural
paradox—valued as the emotional center of the
family yet denied the right to express emotion
fully. Within this structure, postpartum
depression becomes not only a personal struggle
but a hidden form of collective negotiation,
where the cost of harmony is often borne by the

._Current Research in Medical Sciences

as an underrecognized issue in China is not
merely the result of cultural silence—it is also
the outcome of institutional neglect and
structural stigma embedded within the country’s
maternal healthcare system. Despite increasing
policy attention to mental health, maternal care

remains primarily biomedical and
outcome-oriented, with psychological
well-being  treated as  secondary. The

institutional focus on measurable indicators
such as uterine recovery, breastfeeding success,
and infant growth has left little room for
systematic attention to emotional health. This
structural imbalance reflects a medical hierarchy
that privileges the visible and physical over the
invisible and psychological, reducing emotional
distress to a temporary or morally tinged
weakness rather than recognizing it as a
legitimate medical and social concern.

Recent national surveys reveal the extent of
these gaps. The China Maternal and Child Health
Association (2021) reported that only 38% of
hospitals nationwide employ standardized
screening tools such as the Edinburgh Postnatal
Depression Scale (EPDS) in routine postpartum
care. Even when screening occurs, follow-up
counseling or referral systems are often absent,
especially in county and township hospitals. The
lack of standardized mental health procedures
perpetuates a fragmented care landscape, where
postpartum women rely primarily on family
support or self-adjustment rather than
professional ~guidance. The situation is
exacerbated by limited professional training: a
2022 multi-province survey found that only 35%
of healthcare providers could accurately identify
the symptoms of postpartum depression, while
nearly 45% attributed the condition to
“personality = weakness” or  “insufficient
resilience.” These findings underscore how
structural stigma is reproduced within the very
institutions tasked with caregiving—where

mother’s silence. moral assumptions about endurance and
. ) self-control ~ often  replace  psychological
3.3 Institutional Neglect and Structural Stigma .
understanding.
The persistence of postpartum depression (PPD)
Table 2.
Institutional Gaps in Maternal Mental | Data Source Key Findings

Health Services in China (2020-2023)

Hospitals using standardized PPD | China Maternal and Child | 38% nationwide coverage
screening (EPDS) Health Association (2021)
Healthcare  providers trained to | Chinese Journal of Maternal | 35% adequately trained
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recognize PPD Health (2022)

Providers attributing PPD to | Chinese Journal of Maternal | 45% hold this belief
“personality weakness” Health (2022)

Urban-rural mental health professional | National Health | 2.3 vs. 0.2 professionals

density

Development Report (2020)

per 10,000 people

Hospitals with psychological counseling

National Health Commission

41% of provincial / 27% of

departments (2021) municipal hospitals
These figures expose the systemic bias rhetoric—encouraging mothers to endure and
underlying maternal health policy: the remain composed —aligns with broader cultural

institutional neglect of the mind. Psychological
distress remains invisible in clinical settings not
because it is rare but because it falls outside the
dominant logic of health governance, which
values quantifiable progress over subjective
experience. The result is a form of structural
stigma, where institutional design itself
discourages acknowledgment of mental illness.
When healthcare workers interpret depressive
symptoms as moral or personality-related
failings, stigma becomes encoded into medical
practice, legitimizing silence and discouraging
help-seeking.

The situation 1is further complicated by
urban-rural disparities. Major cities such as
Shanghai and Beijing have begun piloting
maternal mental health programs, yet rural
areas—where 40% of China’s births still
occur—face severe shortages of trained
professionals and screening tools. According to
the National Health Development Report (2020),
rural regions have an average of 0.2 licensed
mental health practitioners per 10,000 people,
compared with 2.3 in urban centers. This
inequality transforms maternal emotional care
into a geographical privilege: accessible to
urban, educated women but virtually absent for
those in remote or underfunded regions. The
lack of services perpetuates silence, and silence,
in turn, reinforces institutional neglect—creating
a cyclical pattern in which unmet need is
mistaken for lack of demand.

In addition to infrastructural shortcomings, the
moral discourse embedded in institutional
culture  further  limits  recognition  of
psychological suffering. Educational materials in
hospitals and maternal health clinics continue to
emphasize self-discipline, proper diet, and
“positive attitude” as pathways to postpartum
recovery, implicitly = framing  emotional
regulation as an individual responsibility rather
than a shared care obligation. This moralized
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ideals of maternal virtue, effectively replacing
psychological care with moral instruction. In
doing so, healthcare institutions become
conduits for social expectations rather than
spaces of empathetic support.

Thus, institutional neglect operates not merely
through policy omission but through the
cultural logic of care that shapes professional
attitudes and clinical priorities. The failure to
integrate emotional well-being into maternal
health services reflects a deeper structural

hierarchy in which the mind remains
subordinate to the body, and psychological
suffering is viewed through the lens of

discipline rather than compassion. To address
postpartum  depression effectively, China’s
healthcare institutions must move beyond a
narrow biomedical model toward a holistic,
culturally attuned approach that recognizes
emotional care as essential to both maternal
recovery and social well-being. Until such
recognition is achieved, structural stigma will
continue to render women'’s emotional suffering
invisible—an unacknowledged cost of a
healthcare system that measures success by
physical outcomes while neglecting the human
experience of pain.

4. Emotional Suppression as a Cultural and
Psychological Strategy

In the Chinese cultural and moral context,
emotional suppression is not only a behavioral
habit but also a deeply ingrained psychological
and social strategy. It serves as a mechanism of
adaptation, a moral expectation, and a means of
maintaining relational stability within family
and community life. For mothers experiencing
postpartum depression (PPD), this tendency
toward emotional restraint functions
simultaneously as protection and confinement.
While it allows them to conform to societal
ideals of self-control and family harmony, it also
transforms psychological pain into a private and




unacknowledged burden.

At the heart of this suppression lies a cultural
valorization of endurance and composure.
Chinese socialization—shaped by Confucian
ethics and centuries of collective living —teaches
that emotional moderation is essential to moral

virtue. From childhood, individuals are
encouraged to regulate their feelings in
accordance with social norms, to “swallow

bitterness” (chi ku), and to place group harmony
above personal expression. For mothers, this
expectation is magnified by the moral weight of
motherhood itself. A “good mother” is expected
to embody patience, resilience, and emotional
balance, even in times of exhaustion or despair.
Expressions of sadness or frustration may be
interpreted as signs of  weakness,
irresponsibility, or ingratitude, particularly in a
social climate that idealizes maternal devotion
as boundless and unconditional. Thus, for many
women, suppressing emotion becomes an act of
moral performance—a way to demonstrate
strength, virtue, and compliance with the
cultural code of propriety (I7).

However, emotional suppression also functions
as a psychological coping mechanism in contexts
where open expression is discouraged or
stigmatized. £When mothers sense that
articulating  distress ~ might lead to
misunderstanding, criticism, or loss of respect,
silence offers a form of self-protection. This
restraint preserves social harmony and prevents
potential conflict within the family, particularly
in multigenerational households where elders
may dismiss psychological suffering as
self-indulgence. Yet, while suppression may
appear to preserve stability, it does so at the
expense of emotional integration. Over time,
unexpressed feelings of sadness, guilt, and
frustration accumulate, manifesting as anxiety,
fatigue, or physical ailments—what scholars of
Chinese  psychosomatics ~ have  termed
“somatized emotion.” This process illustrates
how suppression operates as both defense and
distress, maintaining outward composure while
intensifying inner turmoil.

Recent clinical observations support the view
that emotional inhibition contributes
significantly to maternal psychological distress.
A 2022 Beijing Maternal Mental Health Survey
found that 58% of mothers experiencing
postpartum depressive symptoms reported
deliberately hiding their emotions from family
members, and 47% expressed fear that revealing
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distress would “worry or disappoint” their
relatives. This data reflects the intergenerational
transmission of emotional restraint: the belief
that strength is shown through silence and that
vulnerability endangers social relationships. In
this sense, emotional suppression is less an
individual failing than a learned cultural
adaptation—an inherited method of survival in
a society where emotional expression has long
been tied to moral judgment.

The psychological cost of this suppression is
profound. By concealing negative emotions,
mothers deprive themselves of social validation
and empathetic = response—both  crucial
components of emotional healing. The absence
of open dialogue fosters emotional alienation, a
sense of being unseen or misunderstood even
within intimate relationships. Moreover, because
silence is often misinterpreted as strength,
mothers may feel compelled to maintain an
image of stability, deepening their sense of guilt
and self-blame for not feeling the happiness
society prescribes. This internal
contradiction—between emotional truth and
social expectation—creates a state of double
consciousness, where mothers continuously
negotiate between their authentic feelings and
the role they are expected to perform.

From a broader cultural perspective, emotional
suppression represents a paradox of moral
survival. It allows women to fulfill social
obligations and preserve face (mianzi), yet it also
denies them access to emotional authenticity
and psychological relief. The moral value placed
on restraint, while socially stabilizing, has
become a psychological liability in modern
contexts where emotional well-being is
increasingly recognized as central to health. For
many Chinese mothers, the ability to suppress
emotion remains both a badge of moral strength
and a source of profound isolation.

Understanding emotional suppression in this
light requires moving beyond Western notions
of repression as purely pathological. In the
Chinese cultural framework, suppression carries
adaptive  significance—it maintains social
cohesion, protects relationships, and affirms
moral identity. Yet, it also perpetuates
invisibility, making it difficult for women’s
suffering to be acknowledged or addressed. To
confront postpartum depression meaningfully, it
is necessary to reframe suppression not as
weakness or denial but as a culturally shaped
coping strategy, one that can be gently



transformed through empathetic support, open
dialogue, and culturally sensitive interventions.
Only by validating the moral and emotional
logic behind suppression can mental health care
in China begin to replace silent endurance with
dignified expression and shared understanding.

5. Motherhood, Gender Norms, and the Ideal
of Emotional Strength

5.1 The Idealized Mother and Gendered Expectations

Motherhood in China occupies a sacred and
socially exalted position, defined by ideals of
devotion, endurance, and moral strength.
Within this framework, the image of the “good
mother” is constructed not merely as a caregiver
but as a moral exemplar—a woman who
embodies selflessness, patience, and unwavering
emotional composure. This ideal, deeply rooted
in Confucian family ethics and reinforced by
modern social discourse, leaves little room for
vulnerability or emotional fluctuation. As a
result, emotional control becomes not only a
behavioral expectation but also a measure of
moral achievement, and women are praised for
their ability to endure silently rather than for
seeking help or expressing distress.

The cultural construction of maternal virtue
draws from centuries of patriarchal moral
philosophy that defined femininity through
relational and sacrificial roles. Confucian classics
such as The Book of Rites (Liji) and The Classic of
Filial Piety (Xiaojing) emphasize that women’s
virtue lies in their capacity to serve the family
with humility and obedience. These teachings
have  persisted —albeit modernized
forms—through the moral education and gender
socialization that Chinese girls receive from a
young age. Mothers are expected to embody
niide (female virtue), which prioritizes emotional
restraint, endurance, and devotion to others. To
fulfill this ideal, women are encouraged to
suppress personal needs in favor of familial
stability, equating self-sacrifice with love. Such
moral expectations are further reinforced by
everyday discourse that valorizes the “tough
mother” (giang ma)—a woman who manages
work, childcare, and household duties without
complaint. The glorification of endurance turns
suffering into a silent standard of virtue.

in

In contemporary China, state and media
narratives have redefined but not dismantled
these ideals. The modernization of family life,
the rise of dual-income households, and the
increasing presence of women in professional
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spaces have altered the material conditions of
motherhood but not its moral essence.
Government campaigns promoting “family
harmony” and “moral motherhood” continue to
emphasize women’s nurturing role as central to
national well-being. In popular media, mothers
are portrayed as the emotional anchors of both
the family and society —expected to balance
professional  competence  with  maternal
gentleness. Television dramas and online
platforms such as Weibo and Xiaohongshu
frequently reproduce images of perfect, patient,
and optimistic mothers who maintain
composure under pressure. These portrayals
create a powerful social script: to be a “good
mother” is to be wunfailingly strong and
emotionally serene, regardless of inner turmoil.

This social script exerts tangible pressure on real
women. Mothers who deviate from this
ideal —by expressing fatigue, sadness, or
resentment—risk moral judgment and social
disapproval. Studies on maternal mental health
in China have found that women experiencing
postpartum depression often describe feeling
“ashamed of their weakness” or “guilty for not
being happy enough.” A 2022 survey by China
Women’s Daily reported that 57% of new mothers
believed they should “stay positive and not
complain,” even when overwhelmed. This
expectation transforms psychological suffering
into a form of moral failure. The result is a
culture of performative strength, where women

internalize the belief that silence and
self-discipline are prerequisites for
respectability. Emotional suppression thus

becomes a social currency—a way to signal
moral worth and maintain public admiration,
even at the expense of personal well-being.

The moralization of emotional control also
sustains gender inequality within domestic life.
While fathers are increasingly encouraged to
participate in childcare, the emotional labor of

maintaining  family harmony still falls
disproportionately on  mothers. Their
responsibility =~ extends  beyond  physical

caregiving to include the management of
everyone’s emotional state —comforting,
regulating, and absorbing tension without
visible strain. This invisible work reinforces the
perception that women possess a natural
emotional resilience, further normalizing their
suffering. Consequently, when postpartum
depression occurs, it disrupts not only the
woman’s internal balance but also the moral



expectations placed upon her by family and
society. Her inability to maintain composure
becomes a symbolic threat to the moral order of
motherhood.

In this way, the idealized image of the Chinese
mother operates as both aspiration and
constraint. It provides women with a sense of
purpose and dignity but also binds them to an
unattainable standard of perfection. Emotional
strength, in this cultural system, ceases to be a
personal virtue and becomes a social
requirement—a duty performed for the gaze of
others. The mother’s calmness is thus not
evidence of peace but of labor: the labor of
holding emotions in check to sustain the illusion
of harmony. For women facing postpartum
depression, this ideal becomes particularly
oppressive, forcing them to navigate the
impossible intersection of love, endurance, and
silence. Recognizing the cultural construction of
this ideal is crucial for reframing maternal
mental health not as an individual weakness but
as a social and moral issue—one that demands
collective understanding rather than private
endurance.

5.2 Intergenerational Pressure and Familial Duty

The experience of postpartum depression (PPD)
in China often unfolds within intergenerational
family structures, where traditional hierarchies
and expectations continue to shape women’s
emotional lives. For many new mothers, the
postpartum period is not only a time of physical
recovery and emotional adjustment but also a
site of negotiation between competing value
systems—modern individualism and traditional
filial duty. Older generations, particularly
mothers-in-law, play a central role in this
negotiation. Their influence reflects enduring
Confucian ideals of familial hierarchy and
obedience, which position younger women as
moral and domestic subordinates within the
household. These intergenerational dynamics,
though often motivated by care and experience,
can become sources of tension that exacerbate
emotional strain and contribute to the
invisibility of postpartum distress.

In traditional Chinese culture, filial piety (xiao)
is not only a moral virtue but the foundation of
social order. Younger family members are
expected to respect and comply with elders,
particularly in matters concerning family
management, childcare, and  household
discipline. Within the postpartum context, this
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deference often takes the form of obedience to
maternal elders—mothers and mothers-in-law
who assume authority over childrearing and
recovery practices. The confinement period (zuo
yuezi), for instance, remains a key site of
intergenerational negotiation. Elders often
enforce  dietary  restrictions,  behavioral
limitations, and traditional recovery methods
rooted in cultural wisdom. For many new
mothers, these practices can feel intrusive or
outdated, especially when they conflict with
medical advice or personal comfort. However,
questioning such authority risks being seen as
unfilial or disrespectful, leading many women to
suppress their discomfort in order to maintain
family harmony. This dynamic transforms filial
compliance into a form of emotional
containment, where silence becomes both an act
of respect and a strategy for survival.

The mother-in-law relationship occupies a
particularly influential and ambivalent space in
this dynamic. While mothers-in-law often serve
as primary caregivers and household managers
during the postpartum period, their authority
may inadvertently invalidate the emotional
needs of the new mother. Rooted in generational
difference, older women frequently interpret
distress  through moral or experiential
lenses —seeing sadness as weakness,
disobedience, or lack of gratitude. A new mother
expressing anxiety or depression may be told
she is “thinking too much” or “not strong
enough,” reframing her suffering as moral
deficiency rather than psychological need. This
well-intentioned but dismissive attitude mirrors
the larger cultural pattern of moralizing
emotional distress, perpetuating stigma within
the domestic sphere. A 2022 survey conducted
by the Chinese Journal of Family Studies found
that nearly 60% of women reporting postpartum
depressive symptoms described tension with
mothers-in-law as their most significant
emotional stressor, often citing “criticism,”
“control,” or “lack of understanding” as
recurring issues.

These intergenerational expectations also
intersect with gendered family hierarchies,
where women’s value is tied to their ability to
fulfill multiple, sometimes contradictory,
roles—dutiful daughter-in-law, caring mother,
and obedient wife. When younger women
attempt to assert autonomy or prioritize
self-care, their behavior may be read as selfish or
ungrateful. This moral framing creates an



impossible double bind: seeking emotional
support risks disrupting family harmony, while
remaining silent preserves harmony at the
expense of psychological health. The resulting
emotional tension often deepens isolation, as
new mothers struggle to balance filial obligation
with their own need for recognition and rest. In
many cases, depression is experienced not as a
clinical condition but as a moral crisis, a sign of
failing to live up to both familial and social
ideals of womanhood.

At a deeper level, intergenerational pressure
illustrates how filial duty and emotional
suppression intertwine to sustain the broader
moral order of Chinese family life. The younger
woman’s compliance ensures that generational
authority and family reputation remain intact,
while her silence protects the elder’s moral
position. This system offers stability but also
conceals emotional suffering beneath the
appearance of harmony. For women navigating
postpartum depression, this creates an ethical
paradox: the very behaviors that maintain
family respect—obedience, restraint, and
gratitude—also perpetuate their psychological
isolation.

As Chinese families evolve under the pressures
of modernization and wurban living, these
intergenerational patterns are gradually shifting.
Younger women increasingly seek balance
between respect for tradition and recognition of
emotional authenticity. However, the legacy of
hierarchical family structures continues to exert
quiet but powerful influence, reminding us that
the struggle for maternal well-being in China is
not only medical or personal —it is also cultural
and generational. Real change requires fostering
intergenerational empathy, reframing filial duty
as mutual understanding rather than unilateral
obedience, and expanding the moral definition
of “good motherhood” to include the right to
emotional expression and psychological care.

5.3 Media Narratives and the Performance of
Happiness

In the digital age, motherhood in China is
increasingly mediated through social media
platforms that shape not only how women
present themselves but also how they evaluate
their worth. Platforms such as Xiaohongshu (Little
Red Book), Weibo, and Douyin have become
virtual spaces where ideals of motherhood are
both celebrated and surveilled. Through curated
posts, filtered photos, and lifestyle content,
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mothers are encouraged to perform happiness,
competence, and composure. These digital
performances reinforce a powerful social
narrative: that good mothers are not only
devoted and patient but also perpetually
positive, fashionable, and emotionally stable. In
this landscape, the performance of happiness
becomes a social expectation, while emotional
struggle —especially postpartum depression—is
rendered invisible or morally suspect.

Social media’s emphasis on visibility and
self-presentation transforms private maternal
life into a public spectacle of virtue and success.
Many mothers share daily routines, baby
milestones, or postpartum recovery journeys,
often framed within narratives of gratitude,
perseverance, and fulfillment. This online
culture rewards optimism and composure: posts
that radiate positivity attract likes, comments,

and sponsorships, while those expressing
fatigue or sadness often receive little
engagement or subtle disapproval. The

algorithmic structure of platforms like Douyin
and Xiaohongshu, which prioritize aesthetically
pleasing and emotionally uplifting content,
further amplifies this bias. The result is a
self-reinforcing cycle in which the most
idealized portrayals of motherhood dominate
public perception, marginalizing the complex
emotional realities many women face.
According to a 2023 iResearch study, over 72% of
Chinese mothers aged 25-35 reported feeling
“pressured to present an ideal image of family
life” on social media, and 58% said they had
“withheld negative emotions” from online
spaces to avoid judgment or misunderstanding.

This phenomenon can be understood as the
“aesthetics of happiness”—a form of digital
performance that aligns with broader cultural
values of propriety and harmony. In Chinese
moral discourse, public emotional control is
associated with dignity and respectability, while
overt displays of distress risk being read as
weakness or disorder. On social media, this
moral logic is translated into visual language:
smiling family portraits, spotless homes, and
balanced routines symbolize not just personal
success but moral worth. For postpartum
mothers navigating exhaustion and emotional
volatility, the gap between lived experience and
public portrayal widens into a psychological
dissonance. The curated perfection of others
becomes a mirror of inadequacy, intensifying
guilt and shame. Instead of finding solidarity,



._Current Research in Medical Sciences

many mothers encounter a digital echo chamber
of idealization, where vulnerability has little
space to exist.

Moreover, influencer culture and
commercialized motherhood have further
entrenched the performance of happiness as a
social norm. Lifestyle influencers, often branded
as “supermoms,” market products and
parenting philosophies that equate material
success with maternal fulfillment. Their
carefully edited content transforms care work
into an aspirational lifestyle—complete with
designer baby gear, fitness routines, and
glowing skin. For ordinary mothers, exposure to
these images reinforces the belief that happiness
and perfection are not only possible but
expected. This commercialization of maternal
identity  blurs the boundary between
authenticity and performance, transforming
emotional well-being into a commodity to be
displayed and consumed. A Weibo Trends Report
(2022) revealed that posts tagged with
“#HappyMotherhood” received over 1.3 billion
views, compared to just 40 million for
“#PostpartumDepression,” underscoring how
positivity dominates the digital narrative.

The psychological impact of these media
narratives is profound. Constant exposure to
idealized portrayals fosters social comparison
and self-surveillance, leading mothers to
measure their emotional states against
unattainable standards of perfection. When
reality inevitably falls short, feelings of failure
and guilt intensify. The digital pressure to
appear happy becomes another form of
emotional suppression, compelling women to
internalize distress rather than risk disrupting
the collective illusion of harmony. This digital
moral economy of motherhood thus extends
traditional values of restraint into the online
sphere—translating ~ Confucian  ideals  of
composure and virtue into algorithmic visibility
and public approval.

Yet, within these constraints, social media also
holds the potential for resistance. In recent
years, small but growing online
communities—such as “Real Mothers Speak” and
“Postpartum Support Circle” on
Xiaohongshu—have begun to challenge the
culture of curated happiness by sharing honest
accounts of emotional struggle, loneliness, and
healing. Their voices, though often
marginalized, represent a quiet countercurrent
toward authenticity and collective empathy. By
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reclaiming digital spaces for genuine expression,
these mothers are redefining what it means to be
strong—not through perfection or silence, but
through honesty and connection.

Ultimately, the performance of happiness in
China’s digital motherhood reflects a new form
of emotional regulation, one that merges
traditional ideals of harmony with the visual
logic of social media. The result is both
continuity and transformation: the ancient
virtue of restraint reborn as a digital aesthetic.
For women navigating postpartum depression,
this cultural and technological convergence
deepens the burden of silence. Their challenge is
not only to heal but to reclaim the right to be
imperfect, to speak without shame, and to be
seen beyond the algorithmic smile.

6. Silence, Shame, and the Hidden Burden of
Postpartum Depression

6.1 The Culture of Shame and Internalized Failure

In Chinese society, shame operates as both an
emotional and moral mechanism, deeply
intertwined with ideas of social responsibility,
family honor, and personal virtue. Within this
moral framework, emotions are not private
experiences but indicators of moral character
and relational harmony. For mothers
experiencing postpartum depression (PPD), this
cultural logic transforms psychological distress
into a moral dilemma: instead of viewing
depression as an illness that requires support,
many internalize it as a personal failure—a sign
that they have fallen short of the moral and
social expectations that define womanhood and
motherhood. Shame, therefore, does not simply
accompany postpartum depression; it actively
shapes its expression, concealment, and
persistence.

The roots of this emotional dynamic lie in
Confucian moral philosophy, which emphasizes
self-discipline, harmony, and moral
accountability. The concept of lian (moral face)
and mianzi (social face) binds individuals to the
moral judgment of their communities. When a
woman becomes a mother, she assumes not only
biological but also moral responsibility: she is
expected to embody selflessness, patience, and
gratitude. Emotional instability after childbirth
challenges these ideals, producing feelings of
inadequacy and guilt. In this context, depression
becomes moralized —not an external condition
but evidence of inner weakness or failure of
self-cultivation. Many women blame themselves



for their inability to “control their emotions” or
“stay positive,” echoing a social narrative that
equates strength with silence. This self-blame
reinforces a cycle in which emotional pain is
concealed to preserve dignity, which in turn
deepens psychological isolation.

Empirical data supports the pervasiveness of
this moralized shame. A 2022 survey by the
China Women’s Federation found that nearly 63%
of women experiencing postpartum depressive
symptoms described feelings of
“self-disappointment” or “moral failure,” while
58% reported deliberately hiding their emotional
distress from family members to “avoid
burdening others.” This concealment is not
simply an act of denial but a culturally learned
behavior rooted in the ethics of relational
harmony —the belief that one’s emotions should
not disrupt the collective. Mothers silence their
suffering not only out of fear of stigma but also
from a sense of duty to protect family stability
and social respectability. Thus, shame functions
as both punishment and discipline: it maintains
social harmony at the expense of individual
emotional health.

Within family life, this dynamic is further
reinforced by gendered moral expectations. The
ideal mother is imagined as resilient, nurturing,
and emotionally balanced—a figure whose
virtue lies in her capacity to endure quietly.
When depression interrupts this narrative, the
woman may feel she has violated not only social
norms but her own moral identity. Common
phrases such as “you must stay strong for the
baby” or “other women have endured worse”
exemplify how moral encouragement becomes a
subtle form of emotional invalidation. Instead of
opening space for empathy, these messages
reinforce the belief that suffering is evidence of
insufficient willpower or love. As a result,
shame becomes internalized, directing anger
and disappointment inward. Many women learn
to discipline their distress through silence,
believing that endurance restores moral balance
and preserves social standing.

At a psychological level, this internalized shame
transforms emotional pain into a hidden burden.
By repressing feelings of sadness or fear,
mothers often experience intensified anxiety,
irritability, and self-criticism. Over time,
unacknowledged depression can manifest in
somatic symptoms—insomnia, fatigue,
bodily tension—allowing emotional suffering to
express itself indirectly in culturally acceptable

and
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forms. Traditional family members and even
healthcare providers may interpret these
physical symptoms as exhaustion or hormonal
imbalance rather than psychological distress,
thus perpetuating the cycle of invisibility. The
result is a layered silence: women cannot name
their suffering, families do not recognize it, and
institutions fail to address it.

This culture of shame and internalized failure
reveals that postpartum depression in China is

not simply a medical or psychological
condition—it is also a moral experience. Shame
enforces conformity to social ideals of

composure and gratitude, transforming natural
emotional responses into moral infractions. To
challenge this cycle, it is not enough to raise
awareness of PPD as a medical issue; it is
necessary to redefine the moral language of
emotion. By reframing vulnerability as courage
and emotional honesty as a form of strength,
Chinese society can begin to dismantle the moral
stigma surrounding maternal distress. Only
when women can speak their pain without
shame will silence cease to be mistaken for
virtue, and motherhood will be understood not
as a test of endurance but as a shared human
experience deserving of empathy and care.

6.2 The Social Expectation to “Recover Quietly”

In Chinese society, the postpartum period is
governed by powerful expectations of
composure, endurance, and rapid recovery.
These expectations are not merely practical or
medical —they are social imperatives rooted in
long-standing cultural ideals of strength and
self-restraint. Mothers are expected to recover
both physically and emotionally without
disrupting family harmony or drawing attention

to their distress. This cultural script,
encapsulated in the unspoken directive to
“recover quietly,” transforms postpartum

healing into a moral performance in which
silence becomes synonymous with virtue and
social responsibility.

The idea of quiet recovery reflects the influence
of Confucian family ethics, which emphasize
order, restraint, and the minimization of
emotional disturbance. In this framework,
suffering should be borne with dignity, and
personal struggles should not burden others or
disturb collective peace. For new mothers, this
translates into a moral expectation to endure
pain—both physical and emotional —gracefully
and without complaint. Expressions of fatigue,



sadness, or frustration are often discouraged, as
they may be interpreted as signs of weakness,
ingratitude, or poor moral cultivation. This ethos
of stoicism is reinforced within the family unit,
where relatives, particularly older women, may
remind the new mother to “be strong” or “focus
on the baby,” thereby framing silence as a form
of love and resilience. While well-intentioned,
these messages reinforce the belief that a good
mother recovers in silence, erasing space for
emotional authenticity.

Social media and community discourse further
magnify this pressure. The public celebration of
motherhood in China often centers on idealized
narratives of women who “bounce back”
quickly after childbirth—returning to work,
maintaining beauty, and embodying gratitude.
Television programs and online forums glorify
while  rarely  acknowledging
vulnerability. As a result, women internalize a
double standard: they must be visibly happy
and composed while privately managing
exhaustion, hormonal shifts, and psychological
turmoil. A 2023 China Women's Federation survey
revealed that nearly 70% of new mothers felt

resilience

social pressure to “adjust quickly” after
childbirth, while 54% reported concealing
emotional struggles to avoid appearing

incapable or ungrateful. This social climate not
only silences suffering but also delays
recognition of postpartum depression as a
legitimate concern, reinforcing the illusion that
maternal distress is rare or self-inflicted.

The domestic environment, where much of
postpartum life unfolds, often becomes the
primary site of enforced quietness. Family
members—concerned with the mother’s health
yet guided by cultural norms—may equate
emotional expression with instability or
negativity. When a mother voices her distress,
she may be met with phrases like “don’t
overthink,” “everyone feels tired,” or “just focus
on the baby.” These responses, though meant to
reassure, effectively dismiss emotional pain and
discourage further disclosure. For women
already struggling with guilt or inadequacy,
such reactions confirm the belief that their
emotions are inappropriate or burdensome.
Consequently, many mothers retreat into silence,
prioritizing the family’s comfort over their own
healing. This pattern creates a culture of
invisible suffering, where maternal distress is
present yet unspoken, visible only in subtle
signs—withdrawal, irritability, or fatigue—that
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are rarely of

depression.

recognized as symptoms
At the institutional level, the expectation of quiet
recovery is mirrored by the medical system’s
focus on physical recovery rather than
emotional  rehabilitation. = Postnatal  care
protocols often end within six weeks after
delivery, with little follow-up for psychological
adjustment. Healthcare professionals,
constrained by limited resources and cultural
assumptions, may interpret emotional distress
as a normal part of postpartum adaptation. This
medical silence reinforces the social one: if the
system does not ask, the patient does not speak.
The absence of formal spaces for emotional

dialogue thus perpetuates the cycle of
non-disclosure and delayed treatment.
This social expectation to recover quietly

ultimately functions as a form of moral
regulation. It preserves the appearance of
familial harmony and social order while
concealing the widespread emotional toll of
motherhood. Silence, in this context, is valorized
as discipline—proof that a woman can manage
her responsibilities without imposing on others.
Yet beneath this ideal lies a collective denial of
vulnerability, one that isolates women precisely
when they most need understanding and care.
By equating quietness with strength, society
inadvertently turns healing into performance
and resilience into repression.

To break this cycle, it is essential to redefine
recovery not as silence but as dialogue—a
process that values honesty, empathy, and
shared responsibility. Creating safe spaces for
emotional expression —within families,
healthcare systems, and online
communities—would allow women to speak
without fear of judgment or shame. Such change
requires not only awareness but a cultural
reimagining of motherhood itself: from one
defined by solitary endurance to one supported
by collective compassion. Only then can
recovery cease to be quiet and begin to be
whole.

6.3 Emotional Isolation and the Loss of Authentic
Connection

The social expectation of silence surrounding
postpartum depression (PPD) in China does not
simply mute emotion—it gradually erodes the
foundations of emotional intimacy. Within
families and social circles, the moral and cultural
emphasis on restraint produces an environment



where genuine communication becomes
difficult, if not impossible. Mothers are
surrounded by people who care for their
physical well-being —family members who cook
meals, remind them to rest, or help care for the
infant—but few who know how to listen
without judgment or moral correction. In this
context, emotional support is replaced by
practical care, and compassion is often
expressed through action rather than
understanding. The result is a paradoxical state
of emotional isolation amid social closeness,
where a mother can be physically surrounded
by help yet feel profoundly alone.

This isolation stems from the moral economy of
emotion that governs family life in China.
Expressions of sadness, frustration, or fear are
often seen not as needs for empathy but as
potential sources of disharmony. Within
multigenerational households—where elders
may hold authority over domestic and
childrearing matters—open discussions of
distress risk being interpreted as disobedience
or disrespect. Even among spouses, emotional
communication is frequently constrained by
cultural expectations of restraint, especially for
women, who are taught to preserve peace by
minimizing conflict or emotional demand. A
2022 study published in the Chinese Journal of
Psychology and Family Health found that over 60%
of postpartum women reported feeling
emotionally “unheard” by their partners,
despite receiving practical assistance. This
finding underscores a deep relational
disconnect: while physical needs may be met,
emotional validation remains absent.

The absence of safe emotional spaces is not
limited to the home; it extends into the wider
social network. Friends and peers—bound by
similar cultural expectations—may respond to
emotional disclosure with well-meaning advice
rather than empathy: “You just need to rest
more,” or “Don’t think too much.” Such
responses, though intended to help, signal that
negative emotions should be quickly resolved
rather than shared or explored. Consequently,
mothers learn to self-censor, internalizing the
belief that vulnerability burdens others. In social
media environments, where positivity and
perfection dominate maternal representation,
this inhibition becomes even more pronounced.
Mothers curate their self-presentation carefully,
fearing judgment or pity. As one respondent in a
2023  Xiaohongshu  discussion thread on
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postpartum depression wrote, “It’s easier to post
photos of my baby smiling than to explain why I
cried for hours after midnight.” Such selective
visibility =~ perpetuates  the illusion of
contentment, reinforcing collective silence even
among those who are struggling.

This pattern of emotional isolation has tangible
psychological consequences. When mothers
cannot articulate their distress or receive
empathetic acknowledgment, the mind seeks

other outlets. Emotional suppression often
manifests as  fatigue,  irritability, = or
psychosomatic symptoms —headaches,

insomnia, and digestive issues—that are more
socially acceptable than sadness or despair. Over
time, the habit of withholding emotion becomes
internalized, creating what psychologists
describe as chronic emotional inhibition: a state in
which the ability to access or express authentic
feelings diminishes. The mother learns to
operate in “emotional autopilot,” performing
composure outwardly while feeling hollow or
disconnected  internally. This disjunction
between external stability and internal
fragmentation deepens loneliness, even within
seemingly supportive environments.

The loss of authentic connection also affects
family relationships over time. Emotional
distance between spouses, for instance, can
become self-perpetuating: the less one partner
expresses vulnerability, the less the other learns
how to respond empathetically. Similarly, the
absence of open dialogue between mothers and
grandmothers prevents intergenerational
learning about emotional health, allowing cycles
of suppression to continue. In many families,
emotional care becomes a kind of unspoken
labor—one that is expected but never explicitly
discussed. Love is assumed but rarely
verbalized, empathy is felt but seldom
expressed. Within such silence, mothers struggle
to reconcile their inner experiences with the
ideals of harmony and gratitude imposed upon
them, leading to an enduring sense of
psychological disconnection from those closest
to them.

Breaking this cycle requires not only clinical
intervention but a cultural redefinition of
connection itself. Genuine intimacy must be
reimagined as the capacity to share discomfort
as well as joy—to allow vulnerability without
moral judgment. In recent years, some urban
mental health initiatives have begun piloting
“family dialogue sessions” and peer support



groups that encourage open communication
between new mothers, partners, and elders.
Early evaluations of these programs suggest that
when mothers are given space to articulate
emotion without fear of reprimand, both family
cohesion and maternal well-being improve.
These examples indicate that the antidote to
isolation lies not in urging mothers to be

stronger, but in teaching families and
communities to listen differently—to replace
advice with empathy, expectation with
understanding.

In the end, emotional isolation is not only a
symptom of postpartum depression but also a
reflection of broader social silences embedded in
Chinese cultural life. The inability to speak pain
within relationships mirrors the societal
reluctance to acknowledge vulnerability as part
of human experience. For mothers, reclaiming
emotional connection requires more than
courage—it requires a transformation of the
social conditions that equate silence with
strength. Only when the moral weight of quiet
endurance is lifted can intimacy regain its
authenticity, allowing motherhood to become
not a solitary trial of restraint but a shared
experience of empathy, imperfection, and care.

7. Pathways Toward Cultural Transformation
and Destigmatization

Transforming how Chinese society understands
and responds to postpartum depression (PPD)
requires more than clinical solutions—it calls for
a cultural reorientation of emotion, morality, and
care. The enduring association between
composure  and has  rendered
vulnerability suspect, while silence has been
valorized as moral strength. To address
postpartum depression meaningfully, Chinese
culture must begin to redefine emotional
expression not as weakness, but as wisdom—a
necessary part of maternal resilience and moral
integrity. Such transformation depends on
reshaping the moral imagination  of
motherhood, building institutional empathy
within healthcare systems, and reconstructing
public narratives around mental health in ways
that align with cultural values rather than
oppose them.

virtue

One of the first steps in this transformation is to
reframe vulnerability as strength within the
moral language of Chinese culture. Emotional
honesty can be portrayed not as a failure of
self-discipline but as an extension of ren
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(humaneness)—a  Confucian  ideal  that
emphasizes empathy and relational care. Public
health communication and media narratives
could highlight stories of mothers who, by
seeking help and sharing their struggles,
embody courage and self-awareness rather than
shame. These counter-narratives should draw on
culturally resonant metaphors of balance and

restoration—concepts  already familiar in
traditional Chinese medicine and Daoist
philosophy—to  illustrate  that emotional
openness, like physical healing, restores

harmony within the self and the family. When
framed in this way, seeking support becomes a
moral act, one that upholds family well-being
rather than threatens it.

At the community level, peer support and
collective empathy play crucial roles in
dismantling shame. Group-based dialogue
programs, where mothers share experiences
under guided facilitation, can counteract the
isolating effects of stigma. Pilot projects in
Shanghai and Shenzhen maternal health centers
have shown promising results: participation in
peer-led support groups reduced self-reported
feelings of guilt and loneliness by nearly 40%
within three months (Shanghai Maternal Care
Pilot Report, 2022). These initiatives succeed
because they draw on collectivist
values—emphasizing mutual understanding,
shared responsibility, and the idea that collective
empathy strengthens, rather than weakens,
family harmony. By reframing care as a shared
moral duty, rather than an individual
confession, such programs resonate with the
social and ethical logics already embedded in
Chinese culture.

Equally important is the transformation of
institutional and educational frameworks
surrounding maternal care. Training healthcare
professionals in culturally sensitive mental
health communication can help bridge the gap
between biomedical and moral understandings
of emotion. Instead of viewing sadness or
anxiety as signs of “weakness,” practitioners can
be taught to interpret them as meaningful
indicators of relational imbalance or social
stress. Integrating psychological modules into
obstetric and nursing education, emphasizing
both empathy and early detection, would
strengthen institutional responsiveness to
maternal distress. Additionally, hospitals could
incorporate  short emotional  well-being
consultations as part of postpartum check-ups,



normalizing the inclusion of mental health
alongside physical recovery. Such practices
would signal institutional validation—a crucial
step in counteracting the systemic silence that
has long surrounded women’s emotions.

Media also serves as a powerful vehicle for
reshaping public consciousness. The dominance
of “perfect motherhood” imagery on social
platforms can be counterbalanced by authentic
storytelling and responsible representation.
Documentaries, public service campaigns, and
online advocacy could feature diverse maternal
experiences—acknowledging that exhaustion,
doubt, and sadness coexist with love and
strength. When public discourse reflects
emotional reality rather than fantasy, shame
loses its hold, and identification replaces
judgment. Initiatives such as the 2023 “Listening
Mothers” Campaign, launched by the China
Women’s Federation, have begun promoting
testimonials from women who speak candidly
about their postpartum journeys, highlighting
how open dialogue fosters connection and
healing. These efforts illustrate how media
empathy —storytelling grounded in
authenticity—can bridge the gap between
private suffering and collective understanding.

Cultural change, however, cannot be imposed
from outside; it must grow organically from
within the moral frameworks that define
Chinese social life. Concepts such as he
(harmony) and ging (emotional sincerity)
already provide ethical foundations for a new
understanding of mental health—one that
values relational honesty as much as restraint.
By reclaiming these traditional ideas
contemporary contexts, China can foster a
uniquely indigenous model of destigmatization:
one that honors moral integrity while
recognizing emotional truth. In this vision,
strength and vulnerability are no longer
opposites but complementary aspects of human
experience.

in

The pathway toward destigmatization lies in
building a culture of empathy that bridges the
emotional, moral, institutional divides
shaping maternal mental health. This
transformation does not seek to discard tradition
but to reinterpret it—to allow compassion to
coexist with discipline, and to make emotional
expression part of moral care rather than its
transgression. When mothers can speak without
shame, when families can listen without
judgment, and when institutions can act with

and
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understanding, postpartum depression will no
longer remain hidden beneath the moral weight
of silence. Instead, it will be recognized for what
it truly is: a deeply human experience, deserving
of acknowledgment, compassion, and collective
healing.

8. Conclusion

Postpartum depression in China reveals a
complex intersection of emotion, morality, and
cultural identity. It is not merely a medical
condition but a mirror reflecting the deeper
moral and social structures that define
womanhood and family life. The cultural ideal
of endurance, long celebrated as a form of
virtue, has also become a silent
burden—compelling mothers to suppress
distress in order to maintain harmony, dignity,
and moral worth. In this silence, emotional pain
becomes invisible, interpreted as weakness
rather than need. The resulting cycle of shame,
concealment, and isolation not only obscures the
prevalence of postpartum depression but also
transforms it into a collective moral symptom of
a society still learning to reconcile compassion
with restraint.

Yet, the persistence of this silence does not
indicate a lack of change—it marks a society in
transition. = As China undergoes rapid
modernization, the emotional language of
motherhood is evolving alongside material and
generational  shifts. women are
increasingly aware of mental health discourse
and more willing to articulate emotional
complexity, even within the constraints of
cultural expectation. Social media, though often
a vehicle of perfection, has also become a space
for quiet rebellion —where some mothers speak
openly about their struggles, challenging the
myth of effortless strength. Likewise, growing
public dialogue around mental health,
supported by government and professional
initiatives, signals a gradual broadening of
empathy  within both institutions and
communities. These shifts suggest that
transformation is possible not through rejection
of tradition but through reinterpretation of
it—by redefining moral strength to include
emotional authenticity and interdependence.

Younger

The challenge that remains is cultural rather
than purely clinical: how to create a moral
framework in which vulnerability is not
shameful but human, and emotional expression
is seen as compatible with harmony and



self-discipline. Such a transformation requires a
collective reimagining of care—one that extends
beyond medical diagnosis to include relational
and ethical dimensions. Families must learn to
listen without judgment; healthcare systems
must integrate emotional well-being as a core
part of maternal care; and society must cultivate
public narratives that honor honesty as much as
endurance. In doing so, postpartum depression
can be repositioned not as an individual’s failure
to meet moral expectations, but as a shared
signal of the need for compassion, connection,
and balance in a rapidly changing world.

The path toward healing lies not in silencing
emotion but in restoring dialogue—between
mothers and families, between tradition and
modernity, and between moral ideals and
emotional truth. When emotional expression is
no longer seen as disorder but as a form of
courage, the silence surrounding postpartum
depression will begin to break. And in its place,
a new cultural understanding can emerge —one
that sees strength not in the absence of pain, but
in the capacity to face it, speak it, and transform
it into shared humanity.
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