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Abstract
Background In�ammation plays a signi�cant role in the pathogenesis of knee osteoarthritis (KOA).
Although both Electro-acupuncture (EA) and Manual Acupuncture (MA) are known to in�uence systemic
in�ammation, little is known about the potential changes in in�ammation as a working mechanism of EA
and MA in KOA.

Methods Data from the Acupuncture for Knee Osteoarthritis Trial (ATKOA) were used. Serum
concentrations of in�ammatory factors (tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), IL-6, IL-8,
IL-18, IL-4, IL-10,IL-13,IL-15, IL-17, monocyte chemotactic protein-1 (MCP-1), CC chemokine ligand 5
(CCL5), and cartilage degradation biomarkers (matrix metalloproteinase-1 MMP-1, MMP-3, MMP-13 and
cartilage oligomeric matrix protein COMP) were measured at baseline and after 8 weeks of treatment.
Clinical outcomes were valid and reliable self-reported pain and function measures for osteoarthritis
using the Western Ontario and McMasters osteoarthritis index questionnaire (WOMAC) and Visual
Analogue Scale (VAS) at baseline and post-treatment.

Results Both 8-weeks EA and MA signi�cantly reduced pro-in�ammatory cytokines (TNFα, IL-1β) and
cartilage degradation biomarkers (MMP-3, MMP-13), signi�cantly increased the anti-in�ammatory
cytokine IL-13 compared with pre-treatment (p<0.05). Further, the reduction of TNF-α were more
signi�cant in EA when compared to MA (p=0.046). While, there was no signi�cant difference between
groups in cytokines IL-1β (p=0.102), MMP-3(p=0.113), MMP-13(p=0.623) or IL-13(p=0.935). Moreover, in
both EA and MA the effect of acupuncture on the VAS and WOMAC function scale after 8 weeks is
clinically important, although no signi�cant differences were found between groups.

Conclusions 8 weeks of both EA and MA seem to provide improvement in pain relief and function among
individuals with mild to moderate knee OA. This bene�t is partly mediated by changes of major
in�ammatory factors TNF-α, IL-1β and IL-13.

Background
Knee Osteoarthritis (KOA) is one of the most common diseases among older people and is a leading
cause of disability. A number of risk factors are well recognized, including age, female sex, smoking,
physical inactivity, and vitamin D and estrogen de�ciency [1,2]. In recent years, accumulating evidence
indicates that in�ammation has a critical role in KOA pathogenesis [3,4].  Longitudinal studies
demonstrate that higher systemic concentrations of pro-in�ammatory cytokines predict increased
radiographic progression of KOA as much as 5 years later [5]. Besides direct effects on the joint,
in�ammatory mediators could affect muscle function and sensitize nerves leading to increased pain [6].

Acupuncture treatment which includes manual acupuncture (MA), electro-acupuncture (EA) and other
types or other form, has been used for a variety of pain conditions [7]. It is also considered a potential
non-pharmacologic intervention to prevent or to slow KOA progression although clinical guidelines have
contradictory views [8,9]. Our previous pilot study also showed that MA (three sessions per week for eight
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weeks) is more feasible and safe compared with sham acupuncture for patients with KOA [10]. Since
acupuncture was known to reduce systemic concentrations of pro-in�ammatory cytokines, the anti-
in�ammatory effect are suggested as a potential working mechanism. For example, EA at the ST36
acupuncture point reduced the lipopolysaccharide (LPS)-induced serum levels of cytokines TNF-α,
monocyte chemotactic protein-1 (MCP-1), and this anti-in�ammatory mechanism mediated by the sciatic
and vagus nerve [11]. In�ammatory cytokine (IL-10) is crucial for analgesic and anti-in�ammatory effects
of MA in a model of in�ammatory muscle pain [12].  However, most of these studies use animal models,
only a few studies evaluating the serum cytokine concentrations in KOA patients. The mechanisms
responsible for acupuncture in KOA adults remain unknown. Therefore, the objective of the current study
was to study the potential of cytokine modulation as a working mechanism of EA and MA for KOA
patients using data from the Data from the Acupuncture for Knee Osteoarthritis Trial (ATKOA).

Methods
The current study used data from the Acupuncture for Knee Osteoarthritis Trial (ATKOA), which was had
been registered in Clinical Trials. gov (ID: NCT03274713) . In short, in this trial subjects willing to undergo
testing and intervention procedures were included, using the following criteria: age from 45 to 75, knee
pain intensity≥40 on a 100 visual analogue scale (VAS) with duration of more than six months, and
radiographic evidence of OA (Kellgren grade II or III) based on weight-bearing radiographs. Eligible
subjects were randomized to either an EA group that received electro-acupuncture or a MA group that
received manual acupuncture. Both treatments consisted of 12 sessions of 30 min duration, administered
over 8 weeks (usually two sessions per week). For EA group the points were selected according to the
Traditional Chinese Medicine Meridian Theory. In the MA group needles were inserted at same points but
no current was passed. All participants gave informed consent prior to baseline testing and all procedures
of ATKOA were in accordance with the Helsinki Declaration. The protocol was approved by the Research
Ethical Committee of Beijing Hospital of Traditional Chinese Medicine A�liated to Capital Medical
University (2017BL-020-01).

Demographics

At baseline, age, gender, Education background, and Duration of disease were determined. The BMI was
determined using measured body weight and height (without shoes).

In�ammatory cytokines

A blood sample was taken at 8 a.m. on baseline and the �rst day after 8 weeks. About 3 ml of blood was
drawn into a procoagulant tube placed on ice and centrifuged at 2500 rpm for 5 min at 9 a.m. (1 h later).
The serum was divided into 3 portions, each about 0.5 ml and placed at −80 °C for assay within 6
months. The cytokine assay was performed using Bio-Plex Pro multi assay technology (Bio-Rad
Laboratories, Hercules, CA) which is based on the use of �uorescently dyed beads conjugated with
monoclonal antibodies speci�c for eleven target cytokines (TNF-α, IL-18, IL-1β, IL-8, IL-13, IL-10, IL-4, IL-6,
IL-15, IL-17, MCP-1). These beads were incubated with the sample and then a secondary biotinylated
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antibody was added. Finally, the sample was placed in a dedicated �ow cytometer with two lasers and
associated optics to measure the different molecules bound to the surface of the beads and thus
registers the cytokine concentrations. Human enzyme-linked immunosorbent assay (ELISA) kits
(RayBiotech, Atlanta, GA, USA) were used for total MMP-1, MMP-3, MMP-13, and kits (R&D Systems,
Minneapolis, MN, USA) was used for the analysis of COMP and CCL5. Analyses are mixed by user. The
optical density was measured at 450 nm using an automatic ELISA reader (Sunrise; Tecan, Mannedorf,
Switzerland).

Clinical Outcomes

The response rate was calculated according to a change of 50% from baseline in Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) pain, stiffness and function scores at 8 weeks.
Secondary outcomes were valid and reliable self-reported pain and function measures for osteoarthritis.
Knee pain on the WOMAC pain subscale (0-20, higher scores indicating worse pain, MCID ≥12%
improvement from baseline) and VAS (0-100, higher scores indicating worse knee Pain; MCID 2.0 units,
extrapolated from 20-mm MCID reported for 100-mm visual analogue scales [13].  Physical function was
measured using the WOMAC function subscale (Likert version 3.1), scored from 0 to 68 with higher
scores indicating worse function (minimal clinically important difference [MCID], 6 nonormalized units
[14]. Participants completed questionnaires at baseline and 8 weeks.

Safety evaluation.

Safety and tolerability to treatment were assessed at each visit. Safety was assessed by identifying
adverse events (a treatment-related adverse event was any reported event �rst occurring or worsening in
severity during treatment, compared to baseline period) using open-ended questions and a checklist
including common acupuncture side effects. Adverse events were collected at each visit and up to 8
weeks after the end of treatment and were analyzed with regard to their seriousness, intensity, and causal
relationship with treatment and outcome.

Statistical analysis

A value of P < 0.05 would be considered statistically signi�cant. Measurement data were expressed by
mean and standard deviation (mean±SD), enumeration data expressed as a percentage. Mean between-
group differences and two-sided 95% CI are also presented to assess superiority. Paired Student’s t-test
was used to compare the difference in serum in�ammatory biomarkers and cartilage degradation
biomarkers pre-treatment and post-treatment in each group. The cytokine levels were non-normally
distributed and consisted of non-detects. Concentrations below the lower limit of detection were
considered as non-detectable and were left-censored. Hence, standard non-parametric rank-based test
(Mann-Whitney test) was applied without loss of information. All statistical analyses were performed
using SPSS 13.0 for Windows (SPSS, Chicago, IL, USA).

Results
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Patient characteristics

A total of 60 subjects aged between 52 and 78 participated and had completed data. Two participants
were repeatedly randomized and the remaining 58 were included in analysis, 28 in EA group and 30 in MA
group. There were no signi�cant differences in demographic factors (age, sex and BMI) between these
participants and those excluded (data not shown). Overall, most of the patients (82%) were women and
the mean age was 58.89±6.75 years, with a mean body mass index of 25.12±3.74 and a mean disease
duration of 69.93±56.69 months. At baseline, serum levels of biomarkers were not signi�cantly different
between groups. The median level of TNF-α was 28.25±9.54 pg/ml, of IL-1β was 1.43±0.37 pg/ml in EA
group, and TNF-α was 29.64±11.34 pg/ml, IL-1β was 0.93±0.45 pg/ml in MA group. Moreover, WOMAC
function (2.14±1.46  in EA, 2.57±1.48in MA, respectively) and the VAS scores (54.82±11.90 in EA,
54.77±8.38 in MA, respectively) did not show signi�cant differences between the two groups at baseline
(P > 0.05).

In�ammatory cytokines

For patients in EA group, compared to pre-treatment the pro-in�ammatory cytokines TNF-α (28.25±9.54
pg/ml VS 16.26±4.97 pg/ml, p=0.002), IL-1β (1.43±0.37 pg/ml VS 1.01±0.65 pg/ml, p=0.046), IL-8
18.98±0.39 pg/ml VS 11.36±0.31 pg/ml, p=0.008 , IL-18 145.56±26.21 pg/ml VS 90.27±26.78 pg/ml,

p=0.009 , MCP-1 127.64±49.87 pg/ml VS 73.45±49.90 pg/ml, p=0.001 (Fig 1), and cartilage degradation
biomarkers MMP-3 (2772.61±495.97 pg/ml VS       1279.00±161.32 pg/ml P=0.002) and MMP-13
(125.84±37.74 pg/ml VS 70.74±25.68 pg/ml, p=0.035) were signi�cantly lower post-treatment (Fig 2).
The anti-in�ammatory cytokine IL-13 (1.98±0.43 pg/ml VS 2.65±0.24 pg/ml, p=0.036) were signi�cantly
higher post-treatment compared to pre-treatment. There were no signi�cant increases or decreases in
cytokine levels: CCL-5 (2806.96±139.51 pg/ml VS 2840.49±161.47 pg/ml, p=0.073), COMP (21.46±0.61
pg/ml VS            21.40±0.84 pg/ml, p=0.720), MMP-1 (30492.64±6921.87 pg/ml VS 30831.58±6786.89
pg/ml, p=0.861) from pre- to post-treatment.

For patients in MA group, compared to pre-treatment the pro-in�ammatory cytokines TNF-α
(29.64±11.34            pg/ml VS 25.97±48.65 pg/ml, p=0.043), IL-1β (0.93±0.45 pg/ml VS          0.59±0.33
pg/ml, p=0.048) (Fig 1), and cartilage degradation biomarkers MMP-3 (2665.93±381.79 pg/ml VS
1330.68±63.20 pg/ml, p=0.008) and MMP-13 (124.06±47.49 pg/ml VS      62.30±26.52 pg/ml, p=0.019)
(Fig 2) were signi�cantly lower post-treatment. The anti-in�ammatory cytokine IL-13 (2.07±0.86 pg/ml VS
2.81±0.75 pg/ml, p=0.024) were signi�cantly higher post-treatment compared to pre-treatment. There
were no signi�cant increases or decreases in cytokine levels: IL-8 (19.95±0.44 pg/ml VS 19.26±0.36
pg/ml, p=0.621), IL-18 (149.54±49.52 pg/ml VS 138.23±48.65 pg/ml, p=0.053, CCL-5 (2806.96±139.51
pg/ml VS 2840.49±161.47 pg/ml, p=0.073), COMP (21.46±0.61 pg/ml VS 21.40±0.84 pg/ml, p=0.720),
MMP-1(30492.64±6921.87 pg/ml VS 30831.58±6786.89 pg/ml, p=0.861) , MCP-1 128.56±50.34 pg/ml
VS 126.34±51.32 pg/ml, p=0.546 from pre- to post-treatment.

Both EA and MA have a signi�cant reduction in pro-in�ammatory cytokines (TNF-α, IL-1β) and cartilage
degradation biomarkers (MMP-3, MMP-13) and a signi�cant increasing in anti-in�ammatory cytokine IL-



Page 6/14

13. Further, the reduction of TNFαwere more signi�cant in EA when compared to MA (p=0.046). While,
there was no signi�cant difference between the EA and MA groups at 8 week in blood cytokine
concentrations IL-1β (p=0.102) MMP-3(p=0.113), MMP-13(p=0.623) or IL-13(p=0.935).

The serum levels of in�ammatory markers were generally low with 98.4% of IL-15, IL-17 and LIF
undetectable in this sample, IL-6 in EA group and IL-4, IL-10 in the MA group so this was not further
analyzed. 
Clinical outcomes

There were no clinically signi�cant differences of the response rates in the EA group compared to the MA
group at both 8 weeks (43% vs 30%, p > 0.05, Table 1). Most secondary outcomes showed no difference.
By week 8, the VAS pain score had decreased by 26.8 units in the EA group and 25.4 units in the MA
group (Table 2). The mean change from baseline in WOMAC function was 9.5 ± 3.5 for EA and 8.3 ± 3.2
for MA, although no signi�cant differences were found between the two groups (Table 2).

Safety

No signi�cant adverse effects were seen with respect to the procedure itself. A total of three adverse
events were recorded: 11 in the EA group (2 needling pain after treatment, 9 hematoma) and 14 in the MA
group (3 needling pain after treatment, 11 hematoma). These adverse events could remit spontaneously
within one week. There were no serious adverse effects and all patients tolerated the treatments well.

Discussion
Both EA and MA have a signi�cant reduction in pro-in�ammatory cytokines (TNF-α, IL-1β) and cartilage
degradation biomarkers (MMP-3, MMP-13) and a signi�cant increasing in anti-in�ammatory cytokine IL-
13. Further, the reduction of TNFα were more signi�cant in EA when compared to MA (p = 0.046). While,
there was no signi�cant difference between the EA and MA groups at 8 week in blood cytokine
concentrations IL-1β, MMP-3, MMP-13or IL-13.

Our research was based on the hypothesis that both EA and MA could act in an anti-in�ammatory
manner in individuals diagnosed with mild to moderate knee OA. We found that both 8 weeks EA and MA
signi�cantly reduced major pro-in�ammatory cytokines (TNF-α, IL-1β) and cartilage degradation
biomarkers (MMP-3, MMP-13) and signi�cantly increased the anti-in�ammatory cytokine IL-13 compared
with pre-treatment. Results in the EA group tended to be slightly better than those in the MA group, that
the reduction of TNF-α was more signi�cant in EA when compared to MA. While, there was no signi�cant
difference between the EA and MA groups in blood cytokine IL-1β, MMP-3, MMP-13 or IL-13.

A consensus report characterized decreases in individuals’ pain intensity of approximately 10 mm was a
clinically relevant pain improvement. By week 8, the mean VAS pain score had decreased by 26.8 units in
the EA group and 25.4 points in MA group (greater than MCID). Besides, a 6 points or more improvement
in WOMAC physical function was considered to be a clinical improvement. Improvement in WOMAC
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physical function at 8 weeks was of a clinically relevant in both EA(9.5 points > pre-set MCID)and MA 8.3
points > pre-set MCID . Thus, results of this study demonstrated that both EA and MA had a clinically
meaningful bene�t in decreasing pain intensity and improving function, although there are no
signi�cantly differences between groups due to small sample size.

A number of underlying mechanisms have been proposed to mediate the analgesic and anti-
in�ammatory effects of acupuncture. Several studies show that both manual and electro-acupuncture
produce analgesia through actions in the nervous system and the local tissues [7, 15, 16]. These include
opioids which reduce pro-in�ammatory cytokines and norepinephrine [17]. A study demonstrated a
marked rise in plasma cortisol which brought expected anti-in�ammatory effect in rats after EA treatment
[18]. The analgesic effect of EA and MA observed in the current study was also believed to be attributed
to these previously reported mechanisms.

The development and progression of KOA are now believed to involve in�ammation even in the early
stages of the disease [2]. Among the pro-in�ammatory cytokines involved in KOA, TNF-α and IL-1β are
considered the major players; In particular, TNF-α with driving the in�ammatory cascade, and IL-1β seems
to be associated with cartilage destruction. These two cytokines, which are produced by chondrocytes,
mononuclear cells, osteoblasts and synovial tissues, induce the production of a number of in�ammatory
and catabolic factors [3].In patients with KOA, levels of both TNF-α and IL-1β are elevated in the synovial
�uid. TNF-α and IL-1β can act independently or in concert with other cytokines such as IL-6 and
chemokines such as IL-8, MCP-1 and CCl5 [19, 20, 21].Besides, TNF-α and IL-1β could downregulate the
synthesis of major extracellular matrix components (MMP-1, MMP-3 and MMP-13) by inhibiting anabolic
activities of chondrocytes [22]. A number of anti-in�ammatory cytokines, such as IL-13, has been shown
to be spontaneously elaborated by synovial membrane and cartilage, and are found in increased levels in
the synovial �uid of OA patients [23]. These cytokines exert their anti-in�ammatory properties through a
number of mechanisms, resulting in a decrease in the production of TNF-α and IL-1β and MMPs. MMP3
and MMP 13 is a major enzyme that targets cartilage for degradation. They not only targets type II
collagen in cartilage for degradation, but also degrades proteoglycan, types IV and type IX collagen,
osteonectin and perlecan in cartilage [24]. This makes them prime targets for therapeutic strategies.
Animal studies provide support for this approach, although only a few clinical studies have investigated
the e�cacy of blocking these in�ammatory cytokines in the treatment of OA. Our result showed that 8
weeks of both EA and MA had an effect resulting in less knee pain and is partly mediated by changes in
pro-in�ammatory cytokines (TNF-α, IL-1β) and anti-in�ammatory cytokine IL-13, as well as cartilage
degradation biomarkers (MMP-3, MMP-13) but not all in�ammatory cytokines.

There could be several explanations for this apparent discrepancy. First, the levels of in�ammatory
cytokines were measured in serum, as opposed to synovial �uid, which did not allow us to detect local
effects. IL-6 in serum and urine was not associated with clinical measures such as soft tissue swelling
[25]. Second, we included patients with mild to moderate knee osteoarthritis, some in�ammatory markers
maybe undetectable in these people. Sakao et al. reported that IL-6 expression was greater in patient with
severe cartilage damage than those with mild cartilage damage [26]. Furthermore, we saw no evidence of
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any statistical changes in COMP over the course of the 8-week intervention. It is possible that a longer
intervention, beyond our 8 weeks could demonstrate an attenuation of cartilage degradation or an
increase in formation in the knee OA but this would require further research. We measured total MMP-1
rather than active and it is possible that active MMP-1 may have a closer relationship with knee structural
measures, which also needs to be investigated in the future [27]. Finally, given that knee structural
changes do not explain all knee pain, the associations of in�ammatory factors with structural changes
may not translate to their associations with knee pain. Indeed, a few cross-sectional studies have
reported inconsistent associations between in�ammatory markers and knee pain [28], so this area
remains controversial, and more studies are necessary to identify the roles of in�ammation in knee pain.

Our result is in line with previous studies showing that transcutaneous electrical acupoint stimulation
(TEAS) diminished the upregulation of pro-in�ammatory factors in response to lower limb ischemia-
reperfusion in patients undergoing limb ischemia-reperfusion [29]. Moreover, in animal experimental
studies it has been shown that acupuncture intervention have positive roles in relieving in�ammatory
reaction in rheumatoid arthritis by suppressing myocardial in�ammatory cytokines (suppressing TNF-α,
IL-8, etc.), adjusting in�ammatory reaction pathway [30].

It is important to acknowledge the limitations of the present study. Interpretation of the data was limited
by the small number of study participants. This may have in�uenced our ability to detect signi�cant
differences on all of the related in�ammatory cytokines, and it is possible that with a larger sample size,
more signi�cant changes may be detected. Beyond this, while the focus of this study was limited to
speci�c systemic biomarkers of in�ammation and cartilage degradation (and each one of these
biomarkers could be in�uenced by a number of systemic factors), it may be more appropriate to evaluate
the effect of EA and MA more directly on the knee joint. While joint aspiration may be painful and
invasive, the direct evaluation of biomarkers for in�ammation and cartilage degradation from knee joint
synovial �uid could allow the effects of acupuncture on knee joint health to be more accurately
evaluated. The absence of placebo is a serious limitation in this study and we have tried to overcome this
limitation by incorporating a sham treatment group in the future.

Conclusion
After 8 weeks of treatment, pain and joint function are improved in both MA and EA for patients with
osteoarthritis of the knee. Besides, this bene�t is partly mediated by changes in major in�ammatory
factors TNF-α, IL-1β, IL-13 and cartilage degradation biomarkers MMP-3, MMP-13. We understand that
this study focuses only on the short term changes in the clinical and markers. However it will form a
stepping stone for studies looking into long term effects of EA and MA.
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Tables
Table 1. Response rate of WOMAC Index in EA and MA group.

Outcome Intention-to-treat

EA group

(n=28)

MA group

(n=30)

P Value

 

Risk difference

(95% CI)

Effective, n (%) 12 (43) 9

(30)

 

0.309

 

1.75 (0.59 to 5.16)
Non-effective,n (%) 16 (57) 21

(70)
Between-group difference (95% CI) 0.412 ( 0.402 to 0.421 )

EA group: Electro-acupuncture group; MA group: Manual acupuncture group

 

Table 2. Change in WOMAC function and VAS pain scores in EA and MA group.

Outcome EA group

(n=28)

MA group

(n=30)

Between-group difference

WOMAC function, mean (95% CI)
Week 4 15.32 (11.63 to 19.01) 16.67 (13.63 to 19.71) -1.35 (-6.17 to 3.48)
Week 8 11.39 (8.67 to 14.11) 14.86 (11.97 to 17.74) -3.46 (-7.66 to 0.73)
Week 12 10.04 (7.42 to 12.66) 11.07 (8.59 to 13.55) -1.03 (-4.85 to 2.79)
Week 16 9.39 (6.46 to 12.26) 12.33 (9.14 to 15.31) -2.94 (-7.30 to 1.42)
VAS score (0–100) , mean (95% CI)
Week 4 39.21 (24.44 to53.98) 40.87 (24.79 to 56.95) -1.66 (-3.96 to 0.64)
Week 8 26.04(12.20 to 39.88) 31.00 (13.71 to 44.71) -4.96 (-9.96 to 0.04)
Week 12 21.83 (6.19 to 37.47) 25.83 (8.60 to 43.06) -4.00 (-8.47 to 0.47)
Week 16 21.82 (6.17 to 37.46) 23.86 (3.86 to 43.86) -2.04 (-5.08 to 1.00)

EA group: Electro-acupuncture group; MA group: Manual acupuncture group WOMAC : Western Ontario and
McMaster Universities Arthritis Index; VAS Visual Analogue Scale/Score.* Calculated using ITT analysis.
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Figure 1

Comparison of plasma in�ammatory cytokine concentrations

Figure 2
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Comparison of plasma cartilage degradation biomarkers


