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Background: Increasing evidences demonstrate that immune dysregulation can result in depression, and it is reported that persistent 
inflammatory response is related to the unresponsiveness of antidepressant treatment.
Purpose: This study aimed to explore the reason why some responded but some not responded to acupuncture in treating postpartum 
depression (PPD), and whether it related to the levels of inflammatory cytokines.
Patients and Methods: Women diagnosed with PPD were recruited in to accept 8-week acupuncture. All subjects were assessed the 
17-item Hamilton Depression Rating Scale (HDRS17) at baseline, week 1, week 2, week 4 and week 8 during the treatment. A panel 
of 9 cytokines was measured at baseline and 8 weeks.
Results: Of the 121 participants, 96 completed the 8-week assessment and 46 completed the blood sample collection. HDRS17 scores 
of 96 subjects showed significant statistical reduction since the first week (P = 0.002) and reached to 5.31 (P < 0.000) at the end of 
therapy. And we divided the 46 subjects into responders and non-responders according to the response rate of HDRS17 scores. 
Responders and non-responders did not differ significantly between-group in changes in the 9 cytokines. In responders, IL-6, IL-10 
and IFN-γ levels were statistically lower (P = 0.006; P = 0.033; P = 0.024), while TGF-β1 was statistically higher after 8 weeks 
treatment (P < 0.000). In non-responders, the levels of IL-5, TNF-α and TGF-β1 were statistically higher (P = 0.018; P < 0.000; P < 
0.000), while IFN-γ was statistically lower (P = 0.005).
Conclusion: Acupuncture could alleviate depressive symptoms of patients with PPD and might through adjusting peripheral 
inflammatory response by up-regulating anti-inflammatory cytokines and down-regulating pro-inflammatory cytokines.
Keywords: acupuncture, postpartum depression, inflammatory cytokines

Introduction
Postpartum depression (PPD) is one of the most common complications in perinatal period,1 classified as a subtype of 
major depressive disorder (MDD) with postpartum onset in American Psychiatric Association’s Diagnostic and Statistical 
Manual of Mental Disorders, fourth edition (DSM-IV).2

The prevalence of PPD ranged from 5 to 25% around the world,1,3,4 approximately 10 to 20% in China.5–8 PPD 
affects offspring’s cognitive development such as language and intelligence,9 and the impact might be worse if mother’s 
depressive episode went severe and prolonged.10–12

The specific pathogenic mechanism of PPD is still unknown. The main underlying mechanisms contain neuroendo-
crine, genetic factors, neurotransmitters, neuroinflammatory, and environmental milieu.13 Substantial evidence demon-
strating a connection between immune dysregulation and depression.14,15 Longitudinal studies provided supportive 
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evidence for inflammation preceding depression or depressive symptoms over a wide range of timescales.16–18 Some 
studies have investigated how immune therapies can treat primary immunological illnesses that comorbid with depressive 
symptoms in individuals or how they can influence immune processes that disrupt synaptic function in animal 
models.19,20 Furthermore, robust preclinical data suggest that peripheral and central immunological processes may impair 
neuronal function and result in anhedonia, social withdrawal, and other depressive-like behaviors in animals.21–23 Based 
on that, a number of studies have drawn attention to correlations between depression symptoms and elevated peripheral 
inflammatory marker levels,21,24,25 and the existing antidepressants were found that it could lower peripheral inflamma-
tion in people and animal models.26,27 Hence, anti-inflammatory agents have been tested as adjunctive antidepressant 
therapy approaches.20

Inflammatory cytokine or proinflammatory cytokine is a type of signaling molecule, secreted from immune cells like 
helper T cells (Th) and macrophages which contribute to inflammation process. Inflammatory cytokines are classified as 
proinflammatory or anti-inflammatory. Proinflammatory cytokines consist of IL-2 and tumor necrosis factor-α (TNF-α),28 

mainly mediated by T-helper 1 (Th1) cells. Anti-inflammatory cytokines include IL-4, IL-5 and IL-13, mainly mediated 
by T-helper 2 (Th2) cells.29 In addition, IL-6 and IL-10 act as both a pro-inflammatory cytokine and an anti-inflammatory 
myokine, TGF-β1 produced by T-helper 3 (Th3) cytokine is capable of inhibiting both Th1 and Th2 development and 
regulating the balance of Th1 and Th2 cytokines.30–32 Proinflammatory biomarkers could activate inflammatory response 
manifesting as fever, drowsiness, fatigue, decreased food intake, decreased interests, and depressed mood.33 Mainly 
because inflammatory cytokines in peripheral tissues act directly on the central nervous system (CNS) via the blood– 
brain barrier to cause such behavioral symptoms.21 Wide-spread immune dysregulation triggers off a tendency to reduce 
inflammation and suppress effector immune cells through the induction of IL-10 and TGF-β while promoting the 
development of anti-inflammatory immune cell populations.

According to a meta-analysis, acupuncture showed comparable efficacy in the severity of depression and remission of 
depression and manifested greater safety compared with medication.34 Approximately one-third of all patients with 
depression fail to respond to conventional antidepressant therapies, and this may concern with interactions between 
inflammatory pathways and neurocircuits in the brain.14 Acupuncture has been reported to play an immunomodulatory 
role in inflammatory diseases, just like allergic asthma,35 knee osteoarthritis,36 and inflammatory bowel disease.37 

Compelling evidence showed that acupuncture could drive sympathetic pathways in somatotopy- and intensity- 
dependent manners to produce anti-inflammatory effects.38 Since the cohesive relationship between immune dysregula-
tion and depression as mentioned above, the alteration of inflammatory cytokine undergoing to acupuncture therapy may 
somehow contribute to reveal the mechanism of acupuncture in treatment of depression.

In recent years, increasing trials reported the positive efficacy and safety of acupuncture for PPD population, and also 
demonstrated that acupuncture could be a promising and alternative therapy for PPD.39,40 However, few studies have 
focused on the underlying mechanisms of responders and non-responders in PPD patients undergoing acupuncture 
intervention. It is found that persistent inflammatory response was also associated with the unresponsiveness of 
antidepressant treatment.41 This finding inspired us to conduct the present study to explore why there were some 
responded but some not responded to acupuncture in treating PPD, and whether it relates to the levels of inflammatory 
cytokines? The chosen immunological biomarkers in this current study covered pro-inflammatory and anti-inflammatory 
to investigate the potential immunoregulation mechanism of acupuncture in treating PPD.

Materials and Methods
Study Design and Setting
We registered this prospective clinical study (registration number: ChiCTR2100041687) on Chinese Clinical Trial 
Registry. This study was conducted in Shenzhen Traditional Chinese Medicine Hospital and Shenzhen Maternity & 
Child Healthcare Hospital (Shenzhen, China) from March 2021 to February 2022.

This trial was approved by the institutional review board of the Shenzhen Traditional Chinese Medicine Hospital 
Ethics Committee (NO. K2020-027-01), and written informed consent was obtained from all participants. All authors 
certified to the data’s accuracy and completeness and the trial’s adherence to the protocol.
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Procedure
All patients were recruited from Shenzhen Traditional Chinese Medicine Hospital and Shenzhen Maternity and Child 
Healthcare Hospital. We used the Chinese version of the Edinburgh Postnatal Depression Scale (EPDS) in the clinic for 
primary screening.42 Those who scored over 7 and were diagnosed with PPD were introduced by their doctors to our 
researchers. After preliminary introduction of this program through the mobile phone, the researchers invited the patients 
for a face-to-face interview. All interviews were launched in a quiet and dedicated room.

First, the researcher explained the program in detail to the interviewee in a one-to-one setting and determined if the 
interviewee met all the inclusion criteria and did not meet the exclusion criteria. If all conditions were met, the researcher 
used the 17-item Hamilton Depression Rating Scale (HDRS17) to assess depressive symptoms and asked the interviewee 
whether she was willing to participate.43

All volunteers signed written informed consent. The course of acupuncture treatment was 8 weeks, with 16 sections in 
total. All subjects were assessed at baseline, week 1, week 2, week 4 and week 8 during the treatment. The blood samples 
were collected before and after the 8 weeks acupuncture treatment. Participants were not compensated for study 
participation (Figure 1).

Figure 1 Trial flow diagram.
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Participants
We recruited the participants who met the following criterion: (1) aged 20 to 49 years old; (2) diagnosed as PPD by 
psychiatrist (diagnostic criteria according to Fourth Edition of the Diagnostic and Statistical Manual of Mental Disorders, 
DSM-IV); (3) the scores of HDRS17 ranging from 8 to 24; and (4) volunteer to join this research and sign the informed 
consent form. Participants were not compensated for study participation.

Participants with any one of the following items were excluded: (1) with serious mental disorders, such as 
schizophrenia (diagnosed by DSM-IV); (2) dysnoesia or having difficulty in understanding the content of the ques-
tionnaire due to brain diseases or other reasons, or incapable of effective interview; (3) pregnancy; (4) the score of 
“suicide” item in HDRS17 over 2; or (5) attempted suicide within 1 year.

We distributed the participants by the response rate to compare cytokine levels of the responders and non-responders 
after 8 weeks acupuncture treatment. The participants whose response rate, based on the change of HDRS17 scores 
between the baseline and 8-week treatment, ≥50% were defined as Responders, and those response rates <50% were 
defined as non-responders.44 The formula for calculating the response rate is as follows:

Intervention
All participants accepted acupuncture therapy. Therapy was performed by at least 5-year-experienced licensed acupunc-
turists in clinic. All were acupunctured at Baihui (GV20), Yintang (EX-HN3), Zhongwan (CV12), Qihai (CV6), 
Guanyuan (CV4), bilateral Neiguan (PC6), Shenmen (HT7), Hegu (LI4), Sanyinjiao (SP6), and Taichong (LR3) 
(Figure 2). After skin disinfection, disposable sterilized acupuncture needles (Product type: HuanQiu, Suzhou, China; 
0.3 mm × 40 mm/0.3 mm × 75 mm; C-160630) were inserted into the skin with specified angle and depth. For Baihui 
(GV20) and Yintang (EX-HN3), the needles were inserted 0.5~0.8 cun (10mm~15mm) into skin followed in an angle of 
15°. For Zhongwan (CV12), Neiguan (PC6), Shenmen (HT7), Hegu (LI4), Sanyinjiao (SP6), and Taichong (LR3), 
needles were inserted vertically 0.8~1.0 cun (15mm~20mm) into skin. For Qihai (CV6) and Guanyuan (CV4), needles 
were inserted 1.0~1.2 cun (20mm~25mm) into skin with an angle approximately 30° to 45°.

Once every 10 minutes, the acupuncturist rotated, lifted, and thrust equally on all of the needles to achieve de qi (pain, 
numbness, distention, and heaviness feelings). Each therapy lasted 30 minutes. For 8 weeks straight, a total of 16 
sessions, participants accepted twice weekly therapy sessions.

Study Measures
HDRS17
Change of HDRS17 from baseline to end of 8-week treatment was used to evaluate the clinical efficacy of acupuncture 
on PPD. HDRS17 is a clinician-rated scale, which was designed to measure individuals’ frequency and severity of 
depressive symptoms. HDRS17 score ranges from 0 to 52, which higher score indicates more severe depressive clinical 
symptoms (mild, 8–17; moderate, 18–24; severe, ≥25).1 Each item is divided into four grades: never (0 point), 
occasionally (1 point), often (2 points), and always (3 points). Minimal important difference (MID) of HDRS17 was 
reported likely between 3 and 5 points. All subjects were evaluated with HDRS17 before and after the 8 weeks of 
treatment by our trained researchers.

Inflammatory Cytokine Factors
All participants were collected blood sample before and after 8 weeks of treatment. Blood samples were obtained using 
EDTA coated tubes. After collecting the blood samples were immediately centrifuged at 3500g for 5 minutes at 4°C, and 
serum was removed and stored at −80°C. Cytokine levels were measured by Bioscience ELISA kits (R&D systems, 
United States), including Human IL-2 Quantikine ELISA Kit, Human IL-4 Quantikine ELISA Kit, Human IL-5 
Quantikine ELISA Kit, Human IL-6 Quantikine ELISA Kit, Human IL-10 Quantikine ELISA Kit, Human IL-13 
Quantikine ELISA Kit, Human TNF-alpha Quantikine ELISA Kit, Human TGF-beta 1 Quantikine ELISA Kit and 
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Human IFN-gamma Quantikine ELISA Kit. The inflammatory factors include IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, TNF- 
α, TGF-β and IFN-γ. Briefly, samples were performed after a twofold dilution with diluent-S (1×) (100μL serum +100μL 
diluent-S). Briefly, different concentrations of standard substances, samples or quality control substances were added into 
the corresponding well in each microwell, and incubated for 2 hours at room temperature. Repeat washing the plate 4 
times. Then, 200μL enzyme-labeled antibody was added to each microwell and incubated at room temperature for 
another 2 hours, after that repeat washing the plate 4 times. Next, 200μL of TMB substrate solution was added to each 
microwell and incubated at room temperature for 30 minutes. After that 50μL termination solution was added into each 
microwell to make the solution mixed evenly. Last, fluorescence was quantified by measuring the absorbance value at 
450nm using a microplate reader, and 540nm or 570nm was set as the correction wavelength (Varioskan LUX, Thermo, 
United States).

The corrected absorbance values (OD450-OD540/OD570), multiplex readings were averaged for each standard and 
sample, and then the mean zero standard OD value was subtracted. Four-parameter logic curve fitting was performed 
using computer software to create standard curves. Alternatively, a curve can be generated by plotting the logarithm of 
the standard concentration against the logarithm of the corresponding OD value, and the best fitting line can be 

Figure 2 Locations of the selected acupoints.
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determined by regression analysis. This process produces an adequate but less accurate fit to the data. If the sample has 
been diluted, the concentration should be multiplied by the dilution.

Adverse Events
If an adverse event (AE) was observed during any treatment, it was assessed and recorded in the case report form (CRF). 
Some adverse events related to acupuncture, such as sharp pain or hematomas around the inserted region, bleeding, 
fainting, or nausea, occurred during therapy. Other uncomfortable conditions less relevant to acupuncture, such as cough 
and headache, were also recorded.

Concomitant Medications
Throughout the research, it was suggested that subjects not receive any extra therapies, including medication or 
alternative therapies such as moxibustion, herbal medicine, massage, etc. In necessary conditions, conventional treat-
ments, such as antidepressants or psychological therapy, were conducted by the psychiatrist. All concomitant medications 
were recorded in CRFs for further analysis. The name of the disease, the drug’s name, the dosage, the date, and the 
precise time that the medications were used were also reported to the researchers.

Follow-Up
During the follow-up period, if subjects’ HDRS17 score was over 24, the suicide item was over 2, or there was 
a tendency toward infanticide, psychiatrists would intervene and make appropriate suggestions for the patient, even 
including termination of the trial.

Statistical Methods
All inflammatory factors’ concentration levels were log-transformed. For continuous and normally distributed data, we 
performed the Student t test for between-group differences and paired t test for within-group differences. If data distributed 
non-normally, we used proper variable transformation to reduce skewness coefficient, for example logarithmic transforma-
tion, then performed Student t test or paired t test. Or we used the Mann–Whitney U-test for between-group differences and 
the Wilcoxon test for within-group differences if data distributed non-normally. The normally distributed data were expressed 
as mean ± standard deviation (SD). Non-normally distributed data is expressed as median or inter-quartile range (IQR). For 
categorical variables, the χ2 test were used for examining the between-group differences, and percentages and frequencies 
were presented to describe the effect size. All clinical data analyses were performed using the SPSS V.22.0 software. A two- 
tailed test will be conducted, and a P value <0.05 was considered statistically significant.

Results
Participants Baseline Characteristics
A total of 143 outpatients were screened for eligibility; 121 qualified. A total of 96 persons had completed the 
interventions and among them 46 completed the blood sample collections before and after treatment (Figure 1). We 
divided them into the responders (n = 21) and non-responders (n = 25) according to the remission rate based on the 
reduction of HDRS17. As CRFs recorded, none of the participants had history of rheumatoid arthritis, allergic rhinitis, 
mastitis or active uncontrolled inflammatory bowel disease (IBD). Comes to medication, no one had used of antide-
pressants, antibiotics or anti-inflammatory medications, accepted psychotherapy or other related therapy during the trial. 
Table 1 shows the baseline characteristics of the study population. Except the education level, the two groups were no 
significant difference with other baseline characteristics (including age, BMI, manner of last delivery, family history of 
MDD, number of delivery, number of survival newborn, postpartum duration, EPDS scores and HDRS17 scores).

HDRS17
HDRS17 scores of acupuncture group showed significant statistical reduction since the first week (95% CI: 0.40 to 1.68, 
P = 0.002). At the end of treatment, the reduction reached to 5.31 (95% CI: 4.33 to 6.30, P < 0.000) (Table 2).
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From baseline to 8 weeks, responders had mean reductions of 8.14 (95% CI: 6.55 to 9.74, P < 0.000). Slighter 
improvements were observed in the non-responders: mean reduction of 2.56 (95% CI: 1.33 to 3.79, P < 0.000) in 8 
weeks. The difference of two groups was statistically significant of 5.58 (95% CI: 3.66 to 7.51, P < 0.000) (Table 3).

Table 1 Participant Baseline Characteristics

Characteristics Responders 
n=21

Non-Responders 
n=25

P value a

Age, mean (SD), y 31.86 (4.61) 33.52 (4.05) 0.36

BMI, mean (SD) 22.20 (3.90) 22.37 (2.75) 0.13

Educational level (%)b

Primary education or less 6(28.58) 9(36.00) 0.000

Secondary education 13 (61.90) 8(32.00)

Tertiary education 2(9.52) 8(32.00)
Manner of last delivery (%)b

Vaginal delivery 10 (47.62) 9(36.00) 0.42
Cesarean section 11 (52.38) 16 (64.00)

Family history of MDD (%)b 1(4.76) 2(8.00) 0.66

Number of delivery (SD) 1.62 (0.67) 1.38 (0.50) 0.17
Number of survival newborn (SD) 1.48 (0.75) 1.42 (0.50) 0.75

Postpartum duration (SD), d 122.14 (73.01) 133.92 (103.31) 0.67

EPDS scores, mean (SD)c 15.57 (5.17) 16.96 (4.92) 0.36
HDRS17 scores, mean (SD)c 14.00 (3.63) 14.71 (3.00) 0.48

Notes: aAll tests were 2-sided. P value of less than 0.05 was considered significant. bP values based on χ2 test 
between the 2 groups. cHigher scoring of the EPDS and HDRS17 relates with worse outcome. 
Abbreviations: MDD, major depressive disorder; HDRS17, 17-item Hamilton Depression Rating Scale; EPDS, 
Edinburgh Postnatal Depression Scale.

Table 2 HDRS17 Scores of Acupuncture Group at Each Assessment Time Point

Variables Baseline Week 1 Week 2 Week 4 Week 8

Acupuncture Group (n=96) HDRS17 scores,mean (SD) 14.31(3.94) 13.27(4.26) 12.57(4.46) 11.80(4.64) 9.00(4.19)
95%IC (13.51,15.11) (12.41,14.13) (11.67, 13.48) (10.86, 12.74) (8.15, 9.85)

Reduction, mean (SD) 1.04(3.16) 1.74(3.65) 2.51(4.05) 5.31(4.86)

95%IC (0.40, 1.68) (1.00, 2.48) (1.69, 3.33) (4.33, 6.30)

P value a 0.002 0.000 0.000 0.000

Notes: aAll tests were 2-sided. P value of less than 0.05 was considered significant. 
Abbreviation: HDRS17, 17-item Hamilton Depression Rating Scale.

Table 3 HDRS17 Scores of Response Group and Non-Response Group Before and After Treatment

Response Group (n=21) Non-Response Group (n=25) Between-Group Difference

Baseline 14.00 14.88 0.88

(mean, 95%IC) (12.35to15.65) (13.62to16.14) (−1.11to2.87)
8 wks treatment 5.86 12.32 6.46

(mean, 95%IC) (4.76to6.96) (10.54to14.10) (4.42to8.51)

Reduction −8.14 −2.56 5.58
(mean, 95%IC) (6.55to9.74) (1.33to3.79) (3.66to7.51)

P value a 0.000 0.000 0.000

Effect size 0.922 0.660 0.662

Notes: aAll tests were 2-sided. P value of less than 0.05 was considered significant. 
Abbreviation: HDRS17, 17-item Hamilton Depression Rating Scale.
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Inflammatory Cytokine Factors
Since the large skewness of the data, we uniformly used logarithmic functions to transform. After transformation, 
the skewness of data decreased, which closed to or turned into normal distribution. As Table 4 shows, IL-6, IL-10 

Table 4 Log-Transformed Inflammatory Cytokine Scores Comparison Between Responders and Non-Responders

Inflammatory 
Cytokine Scores a

Variable Responders 
(n=21)

Non-Responders 
Group (n=25)

Between-Group 
Difference

IL-2 Baseline, mean (SD) −0.02 (0.56) 0.09 (0.21) −0.11 (0.13)

(95% CI) (−0.05,0.23) (−0.05, 0. 23) (−0.38, 0.16))
P value 0.422

8wk, mean (SD) 0.16 (0.31) 0.00 (0.49) −0.27 (0.17)

(95% CI) (0.02,0.31) (−0.20, 0.20) (−0.61,0.06)
P value 0.147 0.450 0.111

Effect size −0.195 0.119 0.238

IL-4 Baseline, mean (SD) 0.05 (0.17) 0.01 (0.21) 0.03 (0.06)
(95% CI) (−0.08,0.14) (−0.07,0.10) (−0.07,0.15)

P value 0.543

8wk, mean (SD) 0.08 (0.18) 0.07 (0.19) 0.02 (0. 61)
(95% CI) (−0.04,0.14) (−0.01,0.14) (−0.10,0.15)

P value 0.510 0.193 0.686

Effect size 0.148 0.264 0.061
IL-5 Baseline, mean (SD) 0.94 (0.05) 0.93 (0.05) 0.01 (0.01)

(95% CI) (0.92,0.98) (0.92,0.96) (−0.02,0.04)
P value 0.453

8wk, mean (SD) 0.96 (0.03) 0.96 (0.05) 0.01 (0.02)

(95% CI) (0.93,0.98) (0.94,0.98) (−0.02,0.04)
P value 0.267 0.018 0.613

Effect size 0.248 0.459 0.077

IL-6 Baseline, mean (SD) 0.58 (0.11) 0.63 (0.24) −0.06 (0.05)
(95% CI) (0.53,0.62) (0.54,0.73) (−0.16,0.04)

P value 0.266

8wk, mean (SD) 0.51 (0.09) 0.58 (0.17) −0.01 (0.04)
(95% CI) (0.48,0.55) (0.51,0.65) (−0.09,0.07)

P value 0.006 0.171 0.755

Effect size 0.329 0.119 0.044
IL-10 Baseline, mean (SD) 1.16 (0.21) 1.24 (0.21) −0.08 (0.06)

(95% CI) (1.14, 1.31) (1.17, 1.38) (−0.21,0.05)

P value 0.224
8wk, mean (SD) 1.02 (0.33) 1.06 (0.39) 0.10 (0.12)

(95% CI) (0.93, 1.24) (0.84, 1.23) (−0.14,0.35)

P value 0.033 0.051 0.404
Effect size 0.520 0.394 0.126

IL-13 Baseline, mean (SD) 3.83 (0.05) 3.80 (0.41) 0.01 (0.01)
(95% CI) (3.79,3.86) (3.79,3.83) (−0.01,0.04)
P value 0.366

8wk, mean (SD) 3.81 (0.56) 3.81 (0.40) −0.01 (0.12)

(95% CI) (3.79,3.84) (3.78,3.82) (−0.31,0.03)
P value 0.648 0.885 0.664

Effect size 0.103 0.030 0.066

(Continued)
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and IFN-γ levels of responders were statistically lower (95% CI: 0.48 to 0.55, P = 0.006; 95% CI: 0.93 to 1.24, P = 
0.033; 95% CI: 0.14 to 0.21, P = 0.024), while TGF-β1 was statistically higher after 8 weeks treatment (95% CI: 
1.51 to 2.07, P < 0.000) (Figure 3). In non-responders, the levels of IL-5, TNF-α and TGF-β1 were statistically 
higher (95% CI: 0.94 to 0.98, P = 0.018; 95% CI: 0.58 to 1.22, P < 0.000; 95% CI: 1.62 to 2.02, P < 0.000), while 
IFN-γ was statistically lower (95% CI: 0.19 to 0.29, P = 0.005) (Figure 4). There was no between-group difference 
was found (Table 4).

Table 4 (Continued). 

Inflammatory 
Cytokine Scores a

Variable Responders 
(n=21)

Non-Responders 
Group (n=25)

Between-Group 
Difference

TNF-α Baseline, mean (SD) 0.42 (0.44) 0.31 (0.33) 0.12 (0.12)
(95% CI) (0.13,0.71) (0.15,0.46) (−0.13, 0.37)

P value 0.343

8wk, mean (SD) 0.61 (0.77) 0.90 (0.67) 0.34 (0.21)
(95% CI) (0.22,1.01) (0.58,1.22) (−0.07,0.76)

P value 0.263 0.000 0.106

Effect size 0.270 0.688 0.242
TGF-β1 Baseline, mean (SD) 0.81 (0.23) 0.76 (0.17) 0.06 (0.06)

(95% CI) (0.68,0.96) (0.70,0.85) (−0.06, 0.18)

P value 0.359
8wk, mean (SD) 1.83 (0.50) 1.84 (0.46) 0.07 (0.14)

(95% CI) (1.51,2.07) (1.62,2.02) (−0.20,0.35)

P value 0.000 0.000 0.598
Effect size 0.912 0.925 0.080

IFN-γ Baseline, mean (SD) 0.24 (0.16) 0.30 (0.14) −0.06 (0.04)

(95% CI) (0.17,0.30) (0.25,0.36) (−0.15,0.02)
P value 0.134

8wk, mean (SD) 0.17 (0.08) 0.24 (0.12) 0.01 (0.05)

(95% CI) (0.14,0.21) (0.19,0.29) (−0.10,0.11)
P value 0.024 0.005 0.907

Effect size 0.267 0.224 0.016

Notes: aDue to the large skewness, all inflammatory factors concentration levels were log-transformed. Bold type highlights the results with a P 
value less than 0.05.

Figure 3 Significant alteration of log-transformed inflammatory cytokine scores in responders.
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Discussion
This study evaluated the clinical effect and investigated the relationship between peripheral cytokine levels and 
responsiveness to acupuncture treatment in PPD. We found that acupuncture treatment resulted in a statistically 
significant reduction in the HDRS17 score at the end of 8 weeks treatment. What’s more, our results suggested that 
PPD patients who showed better response to acupuncture treatment manifested higher TGF-β1 and lowered IL-6, IL-10 
and IFN-γ. While non-responders showed increased IL-5, TNF-α, TGF-β1 and decreased IFN-γ. There was no 
significantly difference found of these selected cytokines between responders and non-responders.

In this study, the HDRS17 score difference began to show statistical significance at week 1. At the end of the 8-wk 
intervention, a 5.31-point decrease in HDRS17 scores was observed in the acupuncture group. According to both anchor- 
based and distribution-based approaches, the minimum clinical difference (MID) of HDRS17 in the therapeutic effect of 
depression is estimated to range from 3 to 5 points.45 Hence, at the end of 8 weeks of acupuncture therapy, the subjects 
with PPD showed clinically significant improvement.

In terms of cytokine levels, IL-5, produced by Th2 cells, has long been associated with the cause of several allergic 
diseases, like allergic rhinitis and asthma.46 According to Ho et al, the anti-inflammatory cytokine IL-5 could be 
considered as a good predictor of depression, and higher level of IL-5 correlated to more serious depressive 
symptoms.47 Besides, a previous meta-analysis found the anti-depressant decreased IL-5 in responders.28 In our study, 
the increase of IL-5 peripheral level in non-responders is consistent with previous results.

IL-6 could activate a trans-signaling pathway, which may have anti- and proinflammatory effects.48 IL-6 contribute to 
the pathophysiology of a subset of patients with MDD via excessive release of corticotropin-releasing hormone (CRH) 
and by the promotion of glucocorticoid receptor resistance, which may ultimately impair the negative feedback 
regulation of the hypothalamic–pituitary–adrenal (HPA) axis.49 What’s more, IL-6 is mediated through the repression 
of brain-derived neurotrophic factor (BDNF) expression in the brain.50 Upregulating IL-6 level can inhibit BDNF levels 
and then induce decreased connectivity in the brain, which could be marked as depression.51 A meta-analysis found the 
IL-6 level increased in MDD group compared with health control.52 Previous studies have shown that acupuncture can 
activate the cholinergic anti-inflammatory pathway by down-regulating IL-6 level in the hippocampus, prefrontal cortex, 
and serum, thereby regulating peripheral inflammatory response.53–55 Wu et al found a significant decrease in IL-6 level 
in PPD patients undergoing duloxetine combined with cognitive behavioral therapy, which is consistent with our 
finding.56 Our results suggested that, undergoing acupuncture therapy, the IL-6 level of responders was more sensitive 
to non-responders.

IL-10 is an important immunomodulatory molecule, it can prevent the development of immunopathological lesions 
caused by the aggravation of protective immune responses to acute and chronic infections.57 IL-10 secretion by Th1 cells 
represents a powerful autoregulatory feedback loop that prevents excessive inflammation and potential tissue destruction 
during proinflammatory Th1-driven immune responses to infection.58 The fluctuation in IL-10 levels in depression is still 
unclear. Some have hypothesized that a feed-forward loop has the potential to inhibit inflammatory processes through its 
immunomodulatory/anti-inflammatory effects, and the activation of this feed-forward loop may be associated with IL-10 

Figure 4 Significant alteration of log-transformed inflammatory cytokine scores in non-responders.
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release induced by IL-6.59 In some stages, there was an inflammatory response involving an increase in IL-10 level, but 
high concentrations of IL-10 are detrimental and directly eliminate the inflammatory response. In a large cohort of 
patients in Mali, 133 patients with complicated malaria had higher circulating levels of IL-10 and inflammatory cytokines 
than those without complications.60 In a population-based study, IL-10 was found significantly increased in patients with 
MDD (with anti-depressant) and bipolar disorder (BD) compared to healthy control.59 Another meta-analysis also found 
the IL-10 level increased in MDD patients among 17 studies.52 A Chinese clinical study also found significant increase of 
IL-10 level in PPD patients with anti-depressant combined with psychotherapy. In summary, the alteration of IL-10 in 
MDD or PPD showed increased tendency. However, in our study, after 8-week acupuncture intervention, IL-10 level 
decreased in both responders and non-responders, and the reduction in responders showed statistically significant. It may 
relate to the bidirectional regulation of IL-10 function, increased IL-10 level could cause inflammatory response, while 
high concentration of IL-10 could inhibit inflammatory response. Secondly, it may relate to the above-mentioned 
mechanism of IL-6-driven induction of IL-10 release. To our observation, the level of IL-6 in PPD patients also showed 
a downward trend after 8-week acupuncture treatment, which might result in IL-10 concentration reduced. More studies 
are needed to confirm this hypothesis.

Overactivation of the pro-inflammatory cytokines in the CNS of the TNF-α is likely to cause damage, such as 
excitotoxicity and dysregulation in neurotransmission.61,62 TNF-α was found to be elevated in patients with MDD 
compared to healthy controls in previous studies.52,63 It was hypothesized that under conditions of chronic inflammation, 
increased levels of TNF-α would enhance SERT-mediated 5-HT uptake and significantly impact the available extra-
cellular 5-HT.64 As reported, acupuncture could induce the down-regulation of TNF-α by inhibiting Th1 cell 
responses,65,66 which is closely related to the function of TGF-β1. Two clinical studies found that TNF-α level of 
PPD patients was negatively correlated with depressive symptoms.56,67 Significantly, we found TNF-α in non-responders 
at a higher level than baseline, and the inadequate inhibition of TNF-α by Th1 cell may be relevant to the depressive 
symptoms.48

TGF-β1 plays a crucial role in maintaining the homeostasis of the immune system and is clinically used in the 
diagnosis and treatment of various inflammatory diseases.68 It was proposed that some designated Th3 cells exert their 
action primarily by secreting TGF-β1.69 The action of TGF-β1 was shown to suppress production of Th1 cytokines to 
manifest the anti-inflammatory effect.70 A nested cohort study found that the level of TGF-β1 in colostrum of PPD 
patients was significantly lower than healthy controls, which means that low level of TGF-β1 is associated with 
postpartum depressive symptoms.71 In this study, both responders and non-responders showed a significant increase in 
TGF-β1 level, indicating that acupuncture could activate the up-regulation of anti-inflammatory cytokines in peripheral.

IFN-γ, produced by Th1 cells and natural killer cells, plays an important role in immune regulation.72 Interestingly, 
high level of IFN-γ could negatively influence cognitive behaviors. Zhang et al found that IFN-γ could cross through the 
permeable blood–brain barrier and induces microglia activation which triggers a series of inflammatory response. Such 
inflammatory response affects adult hippocampus neurogenesis and results in depression-like behaviors and cognitive 
impairments.73 At gene polymorphisms aspect, functional polymorphisms in regulatory gene promoter regions are 
expected to predetermine the phenotype manifestation of a specific cytokine profile and might thus be employed as 
disease-associated indicators.74 Based on that, it is found that IFN-γ + 874 A/T s is associated with suicide behavior in 
MDD.73,75 Acupuncture stimulation down-regulated serum IFN-γ levels in collagen-induced arthritic rats, thereby 
reducing arthritis incidence and avoiding joint histological deterioration.76 We found that IFN-γ level in both responders 
and non-responders decreased significantly, indicating that acupuncture may activate mechanisms that inhibits IFN-γ 
hence to alleviate depressive symptoms.

We found that the alterations of TGF-β1 and IFN-γ were consistent between the responders and non-responders. 
Based on the above evidence, acupuncture may play an immunomodulatory role by up-regulating TGF-β1 and inhibiting 
IFN-γ, and Th3 and Th1 cells might also be involved. The failure of acupuncture in non-responders was related to the 
rising levels of pro-inflammatory factors (such as IL-5 and TNF-α). Further pre-clinical studies are warranted to confirm 
the reasons for the failure to down-regulate the pro-inflammatory factors after acupuncture treatment.

Through the observation of the alterations of inflammatory factors in different cytokines in the responders and the 
non-responders, it is suggested that the response of acupuncture was closely related to the inhibition and activation of 
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pro- and anti-inflammatory cytokines. Previous studies have shown that the occurrence of peripheral inflammatory 
response is closely related to the balance of pro-inflammatory and anti-inflammatory cytokines.77,78 Impaired balance 
between pro-inflammatory and anti-inflammatory cytokines leads to production of a high concentration of the neurode-
generative metabolite, quinolinic acid, in the brain79 in turn affects cognition and mood.

The findings of this study suggested that acupuncture could play a holistic role in regulating inflammatory cytokines, 
while the function of cytokines is considered as chemical messengers for regulating the innate and adaptive immune 
systems,14 and the upstream and downstream mechanism of acupuncture regulates inflammation is still unknown. 
Currently, the mechanism pathways of acupuncture by means of inflammatory reaction leading to improvement in 
depressive symptoms can be divided into three types: (1) inhibition of the release of inflammatory cytokines by activating 
the vagal nerve;80 (2) regulation of the brain-gut axis through intestinal microbiota;81(3) regulation of HPA axis.82 

Moreover, for PPD patients who did not respond after 8 weeks of acupuncture treatment, whether they can achieve 
significant clinical efficacy by increasing frequency of acupuncture, prolonging treatment courses, or combining with 
other therapies (such as psychotherapy) needs to be explored in future research.

Limitation
The sample size of this study was small, thus the findings need to be replicated in a larger and more diverse sample in the 
future. Due to lack of inflammatory cytokine indicators from blank control group, it cannot be determined whether these 
mentioning inflammatory factors are treatment-specific. This present study could not answer whether inflammatory 
cytokines have specificity with PPD in contrast to MDD. More clinical studies are needed in the future.

Conclusion
Acupuncture could alleviate depressive symptoms of patients with PPD and might through adjusting peripheral 
inflammatory response by up-regulating anti-inflammatory cytokines and down-regulating pro-inflammatory cytokines.
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