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Objective: Dysmenorrhea is a common clinical condition and some studies shown that the skin temperature of some acupoints
changes in primary dysmenorrhea (PD) patients. This study aimed to evaluate the changes in skin temperature at specific acupoints in
PD patients and healthy subjects.

Methods: The literature for assessing skin temperature at acupoints in PD patients and healthy subjects was searched in eight
databases. The literatures obtained from the search was independently screened by two authors, and the quality of the included articles
was evaluated using the consensus checklist of the Thermographic Imaging in Sports and Exercise Medicine (TISEM) and the
Newcastle-Ottawa Scale (NOS) scale. The skin temperature of the relevant acupoints or the difference between the left and right
acupoints of the same name was used as the outcome during any period of menstruation. Finally, the meta-analysis was performed
using RevMan 5.4.1 software to evaluate the changes in skin temperature in the related acupoints.

Results: Seven eligible studies were included, which included 328 patients with PD and 279 healthy subjects. The results of the meta-
analysis revealed a significant difference in skin temperature around the Sanyinjiao (SP6)(MD: 0.04, 95% CI: 0.00, 0.08), Xuehai (SP
10)(MD: —0.07, 95% CI:-0.11, —0.02) and Taixi (KI 3)(MD: 0.06, 95% CI:0.01, 0.11) acupoints between PD and healthy subjects. PD
patients also showed a difference in skin temperature at the Taixi (KI 3)(MD: 0.14, 95% CI:0.04, 0.24), Shuiquan (KI 5)(MD: 0.11,
95% CI: 0.03,0.19), Taichong (LR 3)(MD: —0.10, 95% CI: —0.19,-0.01), Diji (SP 8)(MD: —0.09, 95% CI: —0.16, —0.01), and Xuehai
(SP 10)(MD: —0.14, 95% CI: —0.23, —0.06) acupoint areas at different times of menstruation compared to that of healthy subjects, as
revealed by the subgroup analysis.

Conclusion: Primary dysmenorrhea patients showed some differences in the skin temperature of the special acupoints are as
Sanyinjiao (SP6), Diji (SP 8), Xuehai (SP 10), Shuiquan (KI 5), Taichong (LR 3), and Taixi (KI 3) compared with healthy subjects.
Registration Number: CRD42022381387.
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Introduction

Dysmenorrhoea is a common clinical disease, with cyclic pelvic pain or lumbosacral pain as the main symptom during or
around the time of menstruation.' It can be classified as primary dysmenorrhoea (PD) or secondary dysmenorrhoea
according to its cause, with PD accounting for more than 90% of the incidence.” One-third to one half of patients with
dysmenorrhoea experience moderate to severe symptoms, which are consequently affecting the patient’s quality of life.”

Approximately 45% to 90% of women suffer from dysmenorrhea from the onset of the ovulatory cycle,® and the prevalence
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of PD among female university students in China is 41.7%.”*® In addition to the physical pain, PD increases the prevalence
of chronic pelvic inflammatory disease” affecting patients” work, study, and quality of life.”

At present, the conventional treatment for PD consist of non-steroidal drugs and oral contraceptives, but their long-
term use can lead to gastrointestinal and other adverse effects.'” Therefore, acupuncture therapy has become one of the
most commonly used non-pharmacological therapies for PD thanks to the advantages in treating PD, such as precise

efficacy and significant pain relief;''

the latest evidence-based acupuncture guidelines also recommend the use of
acupuncture therapy.'*

Acupoints are key areas where acupuncture exerts its curative purposes, and data mining indicated that acupoints such
as Sanyinjiao (SP 6), Guanyuan (RN4), and Diji (SP8) have a high frequency of use in the treatment of PD."> However,
different studies have used different acupuncture prescriptions, and the efficacy of different combinations of acupoints
has varied, and we hope to find the optimal combination of acupoints. When the body is under pathological stress (injury
or disease), the relevant acupoints change their sensitivity thresholds and biophysical properties,'® 2’ ie, acupoints can
react to disease. In other words, the status of the acupoints during the pathological process is dynamically changed from
a “silent” to an “active” state, and the stimulation of the “activated” acupoints results in a better therapeutic effect, which
is called acupoint sensitisation.

In recent years, some researchers have used thermographic imaging to detect the temperature of the body surface in
the acupoints of PD patients and to analyse the temperature changes. However, their results were different; some studies
showed that the temperature difference between the Sanyinjiao (SP 6) on the left and right sides of PD patients during
menstruation is higher than that of healthy subjects,’ while others showed that the temperature difference is no
significant between PD patients and healthy subjects.?

However, the methods to measure the temperature vary and involve many acupoints, making it difficult to reach
a consistent conclusion. Therefore, the aim of this study was to evaluate the differences in the relevant acupoints’ skin
temperature between PD patients and healthy subjects by a meta-analysis to provide some reference for further research
on the temperature characteristics of acupoints.

Methods

This study was performed according to the checklist of the preferred reporting items for systematic reviews and meta-
analyses (PRISMA 2020)** (see Appendix 1). This study was registered in PROSPERO (https://www.crd.york.ac.uk/
PROSPERO), with the registration number CRD42022381387.

Search Strategies

Eight databases were used to search the related articles, such as Web of Science, PubMed, EMBASE, Cochrane Library,
China Biology Medicine (CBM), China National Knowledge Infrastructure (CNKI), Wanfang Data, and Chinese
Scientific Journal Database (VIP). The search was performed from the date of the establishment of each database to
01 November 2022, using a combination of medical terms and free words, and retrospectively including the references of
the selected literature to eventually find additional relevant articles.

Chinese search terms included ZhenJiu, ZhenCi, DianZhen, AiJiu, JingLuo, ShuXue, XueWei, WenDu, XueQv
WenDu, ReMin, PiFu WenDu, Tongling, and YuanFaXingTongling. English search terms include acupuncture, acu-
points, acupoint, needle therapy, needling, meridian, needling, acupoint sensitization, moxibustion, moxibustion therapy,
temperature, skin temperature, skin temperatures, heat sensitization, heat-sensitization, primary dysmenorrhea, dysme-
norrhea, dysmenorrheas, menstrual pain, menstrual pains, painful menstruation, and painful menstruations. The full
search strategy is shown in Appendix 2.

Inclusion Criteria

The inclusion criteria were the following: (1) Published studies on the detection of body surface temperature at the
relevant acupoints in PD patients without age or gender limitation; (2) The language of the publication was limited to
Chinese or English; (3) The study design was limited to a case-controlled study: the case group was represented by PD
patients with clear diagnostic criteria and confirmed diagnosis as PD; the control group was represented by healthy
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subjects; (4) The results must include at least the relevant acupoints’ skin temperature at any period before, during or
after menstruation or the temperature difference between the left and right acupoints of the same name.

Exclusion Criteria

The exclusion criteria were the following: (1) Studies that did not report clear diagnostic criteria; (2) Studies that
included patients with secondary dysmenorrhoea; (3) Studies in which the control group was not represented by healthy
subjects; (4) Studies in which either intervention was applied to both PD and healthy controls; (5) Studies that reported
no clear original data and the authors were contacted without success; (6) Studies in which the temperature of specific
acupoints in the skin were not available for the outcome indicators; (7) Duplicate studies or studies that reported the same
results.

Literature Screening and Data Extraction

The literature screening and data extraction were individually carried out by two researchers and finally cross-checked.
A third researcher decided in case of disagreement. The data extraction required the use of a pre-formulated form
containing general information on the included literature, including name of the first author, name of the journal, and year
of publication; baseline data on the subjects included in the literature including group information, sample size, age of the
subjects and course of the disease; temperature information of skin acupoints including environmental measurement,
measurement equipment, and data processing; temperature information of skin acupoint in pre/postmenstrual/menstrual
period at any time including time point of measurement, information on the acupoints, absolute temperature of the
acupoints’ skin temperature and difference in temperature between left and right acupoints of the same name.

Quality Assessment of the Bias of the Included Studies

To evaluate the rigor and credibility of the measurements of the acupoints’ skin temperature in the included study, the
Thermographic Imaging in Sports and Exercise Medicine (TISEM) consensus checklist was used,”* which was
performed by experts in the field of physiology and infrared thermographic imaging to standardize the collection and
analysis of the skin temperature measurements, which were used as a tool to assess the bias in the thermographic studies.
The TISEM checklist is composed of 15 items: individual data, previous instructions, extrinsic factors, environmental
condition, environmental setup, equipment, acclimation, camera preparation, image recording, camera position, emissiv-
ity, assessment time, body position, method of drawing the skin, and image evaluation. Each item has three possible
responses: yes, no, and unclear (Appendix 3). Some items in the consensus checklist are not applicable (NA) for studies
that did not use infrared thermographic imaging (eg, thermocouples); thus, the NA marker was used.

Since the included studies included the comparisons of PD patients with healthy subjects, the comparisons were also
assessed using the modified Newcastle-Ottawa Scale (NOS) for case-control studies.”’ The NOS scale is a commonly
used tool for evaluating the quality of case-control studies and allows user modification. The original scale consists of
three categories: selection of cases and controls, comparability of cases and controls, and determination of the exposure.
The determination of the exposure was omitted in this word since it is not relevant to our purpose. All items also had
three possible responses: yes, no, and unclear. The TISEM checklist and NOS scales were evaluated independently by
two researchers for each item separately, with a third researcher involved in case of disagreement.

Statistical Analysis

Meta-analysis was performed using RevMan 5.4.1 software. Data from subgroups where different Chinese medicine
syndrome types existed were merged using the formulae (1)(2)(3), and for those who did not report the difference in skin
temperature between the left and right sides of the acupoints with the same name, the formulae (4 and 5) were used for

conversion.
N =N;+N, (1
M = (N;M;+N>M;)/(N1+N>) (2)
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The I? test was used to assess the heterogeneity among the results of the included studies; the data were combined
using a fixed-effects model when I? < 50% and P > 0.1, indicating less heterogeneity among the included studies;
conversely, the data indicating greater heterogeneity were combined using a random-effects model. The method provided
by Luo®®> and Wan?® was used for conversion of studies with non-normally distributed data reporting median, P25 and
P75 or median (median, M), maximum (maximum, Max) and minimum (minimum, Min) values. All the acupoints’ skin
temperatures were measured, and the mean difference (MD) was used as the effect indicator, with point estimates and
95% confidence intervals (CI) provided for each effect indicator. Subgroup analyses were performed due to the different
time points of the measurement of the acupoints’ skin temperatures involving premenstrual, menstrual and postmenstrual
periods.

Results
Study Search and Description

A total of 266 records were collected during the initial database search, with 193 remaining after removing the
duplicates. A total of 134 irrelevant literature were also excluded according to the title and abstract, resulting in 59
remaining articles. After reading the full text, a total of 7 articles matching the criteria were finally included, but one of
them did not report the time point of the skin temperature measurements, so we only did a descriptive analysis.”” Two of

h2 1,22

them were in Englis and five were in Chinese.”’ ' The screening process is shown in Figure 1 (the excluded

literature can be found in Appendix 4).

Characteristics of the Included Articles

This study included seven articles; three were journal articles®'**->°

and four were degree theses.”’ 2*! They included
a total of 328 PD patients and 279 healthy subjects. All trials were conducted in China: five used infrared thermographic
imaging techniques®'*’ > and two used contact thermocouple thermometry.***! A total of 14 acupoints’ skin tempera-
ture were reported: Sanyinjiao (SP 6), Diji (SP 8), Xuehai (SP 10), Zhongdu (LR 6), Shuiquan (KI 5), Taibai (SP 3),
Taichong (LR 3), Xuanzhong (GB 39), Taixi (KI 3), GuanYuan (RN 4), ShiQiZhui (EX-B7), ZhonglJi (RN 3), ZiGong
(EX-CA1l), and YinLingQuan (SP 9), with the nine acupoints Sanyinjiao (SP 6), Diji (SP 8), Xuehai (SP 10), Zhongdu
(LR 6), Shuiquan (KI 5), Taibai (SP 3), Taichong (LR 3), Xuanzhong (GB 39) and Taixi (KI 3) reported more than four
times, We have summarized all the acupoints included in the analysis into a single figure, see Figure 2. Thus, the data
reporting changes in skin temperature in these nine acupuncture areas were merged. The basic characteristics of the
included studies are shown in Table 1.

Literature Quality Assessment
Table 2 shows the results of the quality evaluation of the methods used to evaluate the skin temperature in the included studies.

Five studies used infrared thermographic imaging techniques,*'*"°

and basic information, ambient temperature and humidity
at the measurement location, equipment information, premeasurement adaptation period, and skin temperature measurement
time were reported in all of them. However, no information was reported on the recording conditions of the temperature (such as
the distance between the camera and the skin), the camera position (perpendicular to the skin), and camera emissivity, while pre-
instruction,”’ external factors influencing the skin temperature,?” advance camera warm-up,?' and methods for drying the skin®’
were reported in only one study. Two other studies did not use infrared thermographic imaging techniques;*>>" eight items that

were not related to infrared thermographic imaging techniques were evaluated, and the remaining seven were marked as NA.
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Records identified through database searching

= (n=266)
% * Pubmed (n=16)
= * Embase (n = 13)
s * Cochrane library (n = 18)
= *  Web of Science(n =7)
— + CNKI (n = 100)

* WANFANG data (n = 38)

* VIP(n=19) Additional records(n = 0)

* CBM (n=155) )
) Duplicate records are removed
=
= (n=73)
3
32

Records after duplicates removed
(n=193)
A
Records screened by titles
= and abstracts
= (n=193)
=
=
=) | Records excluded
(n=134)
A
Full texts assesed for
eligibility Records excluded, with reasons (n=52)
(n=159) * Research subjects were not human(n = 16)
* Non-primary dysmenorrhea(n = 3)
s| * Control group not healthy subjects(n = 10)
= y » Case reports or research protocols(n = 5)
S . o :
< Studies included in No related 1.n(-11cat0rs reported(n _9)
S o . * No clear original data reported(n = 6)
= Quantitative synthesis _
— . * Other (n=3)
(network meta-analysis)
(n=7)

Figure | Flow chart of the literature screening.

Table 3 shows the quality assessment of the six factors in the case-control design of the included studies. All studies

reported the validation of cases, representativeness of the cases, and selection of controls, but only two studies described

the definition of controls,?”-*

21,22,28,31

and four studies compared the cases with the controls regarding the duration of menstrual

cycle.

Results of the Meta-Analysis

Sanyinjiao (SP 6) Acupoint

A total of six studies reported the changes in skin temperature in the right and left SP 6 acupoint areas, which included
288 PD patients and 269 healthy subjects, and involving three periods: premenstrual, menstrual, and postmenstrual
periods. The difference in skin temperature was compared in a total of 1488 groups. A low heterogeneity among the
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Figure 2 Location of acupoints evaluated in the included studies.

included studies was found, as revealed by the heterogeneity test showing a value of P = 0.73 and I? = 0%, and the fixed
effects model was used to combine the effect size. The meta-analysis results showed that the difference in skin
temperature between the right and left side of the SP 6 acupoint area was significantly higher in PD patients than in
the healthy subjects (MD = 0.04, 95% CI =[0.00, 0.08], P=0.03, P< 0.05). The differences in skin temperature of the SP
6 acupoints in different menstrual cycles were further explored by performing the subgroup analysis according to the
different measurement time points of the menstrual cycle, in which three reported the differences in skin temperature of
the SP 6 acupoints in the left and right sides in the premenstrual period, six reported them during menstruation, and four
reported them in the postmenstrual period. The results showed no significant difference in temperature between the left
and right sides of SP 6 during the premenstrual period (MD = 0.06, 95% CI = [-0.01,0.14], P = 0.08), and postmenstrual
cycle (MD=-0.01, 95% CI = [-0.09, 0.06], P = 0.71) in PD patients compared with healthy subjects. However, PD
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Table | Characteristics of the Included Articles

Study Country | Sample Age (Case/ Course | Diagnostic Chinese Equipment Environmental | Time Points Acupoints
Size Control) of Case | Criteria Medicine Information
(Casel Syndrome
Control) Types
Wu GW et al, China 6/6 23+2 79.30 SOGG; Cold- Infrared thermal Indoor First day of Guanyuan (RN4);
2016%° +34.27 Guidance dampness imager (Flir-SC620, | temperature: 27 menstruation Sanyinjiao (SP 6)
principle of stagnation USA) t1°C
clinical study on | type Indoor relative
new drug of humidity: 20
traditional +10%
Chinese
medicine
Fan XS et al, China 58/57 20.95+1.82/ NR SOGC NR Infrared thermal- Indoor | day before Diji (SP8); Zhongdu (LRé6);
2022% 21.14£2.11 image system temperature: menstruation; Shuiquan (KI5); Taibai
(InfraTec GmbH, 21.98 °C - First day of (SP3); Taichong (LR3);
Dresden, Germany) | 25.8 °C menstruation; Taixi (KI3); Sanyinjiao
Indoor relative The third day (SP6); Xuehai (SP10);
humidity:37.26%— | after Xuanzhong (GB39)
56.92%. menstruation
She YF et al, China 52/49 23.5+2.6/ 23.6 | 6H-154 | SOGC NR Dynamic skin Indoor First day of Diji (SP8); Zhongdu (LRé);
2017% +2.5 temperature temperature: menstruation; Shuiquan (KI5); Taibai
detector for 22.1%1.5°C The third day (SP3); Taichong (LR3);
meridian and Indoor relative after Taixi (KI3); Sanyinjiao
acupuncture point humidity:50. 1 menstruation (SP6); Xuehai (SP10);
(Peking University +4.5% Xuanzhong (GB39)
(Beijing, China)
Li LZ, 20227 China 40/10 24.11 £2.81/ 77.92+32 | Obstetrics NR Infrared thermal Indoor 7-10 days after | Guanyuan (RN4);
24.28+2.43 and imager (TMT- temperature: menstruation Shiqizhui (EX-B7);
Gynecology 9000B, China) 22°C —26°C Sanyinjiao (SP 6); Diji
(People’s Indoor relative (SP8);
Medical humidity:50%-
Publishing 70%
House, 9th
edition)

(Continued)
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Table 1 (Continued).

Study Country | Sample Age (Case/ Course | Diagnostic Chinese Equipment Environmental | Time Points Acupoints
Size Control) of Case | Criteria Medicine Information
(Casel Syndrome
Control) Types
Du XY, 2018% China 6l/61 20.95+1.82/ NR SOGC NR Infrared thermal Indoor 1-3 days before | Taixi (KI3); Taibai (SP3);
21.14£2.11 imager (WCHD temperature: menstruation; Taichong (LR3); Shuiquan
Research 780, 23.89+1.91°C First day of (K15); Diji (SP8); Zhongdu
Germany) Indoor relative menstruation; (LR6); Sanyinjiao (SP 6);
humidity:47.09 The third day Xuehai (SP10);
+9.83% after Xuanzhong (GB39)
menstruation
Zhang]C,2016*' | China 90/90 21.20£1.44/ NR SOGC NR Dynamic skin Indoor -2 days before | Shuiquan (KI5); Zhongdu
21.48+1.46 temperature temperature: menstruation; (LR6); Diji (SP8);
detector for 23.44+1.66°C First day of Sanyinjiao (SP 6); Taixi
meridian and Indoor relative menstruation; (KI3); Taibai (SP3);
acupuncture point humidity:52.18 The third day Taichong (LR3); Xuehai
(Type Il, Peking +4.19% after (SP10); Xuanzhong
University, China) menstruation (GB39)
Wu GW, 2016%° | China 21/6 22.52+1.88/ 79.30 SOGG; Cold- Infrared thermal Indoor First day of Sanyinjiao (SP 6); Diji
22.52+1.88 +34.27 Guidance dampness imager (Flir-SC620, | temperature: menstruation (SP8); yinlingquan SP 9),
principle of stagnation USA) 27°Ctl1°C Xuehai (SP10); Guanyuan
clinical study on | type Indoor relative (RN4);
new drug of humidity:20+10%
traditional
Chinese
medicine

Abbreviations: SOGC, Society of Obstetricians and Gynaecologists of Canada Clinical Practice Guideline (No. 345-Primary Dysmenorrhea Consensus Guideline); NR, represents no report.
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Table 2 Quality Assessment of the Temperature Measurement Methods of the Included Studies Based on TISEM Checklist

Study Individual Previous Extrinsic Environmental Environmental Equipment | Acclimation | Camera Image Camera Emissivity | Assessment Body Method Image
Data Instructions Factors Condition Setup Preparation Recording | Position Time Position | of Evaluation
Draying
the Skin
Wu GW Yes Unclear Unclear Yes Yes Yes Yes Unclear Unclear Unclear Unclear Yes Unclear Unclear Unclear
etal, 2016%
Fan XS Yes Unclear Unclear Yes Unclear Yes Yes Yes Unclear Unclear Unclear Yes Yes Unclear Yes
et al, 2022%'
She YFetal, | Yes Unclear Unclear Yes NA NA Yes NA NA NA NA Yes Unclear Unclear NA
20172
Li LZ, Yes Yes Yes Yes Yes Yes Yes Unclear Unclear Unclear Unclear Unclear Yes Yes Unclear
20227
Du XY, Yes Unclear Unclear Yes Unclear Yes Yes Unclear Yes Unclear Unclear Yes Unclear Unclear Yes
2018%
Zhang JC, Yes Unclear Unclear Yes NA NA Yes NA NA NA NA Yes Unclear Yes NA
2016”
Wu GW, Yes Unclear Unclear Yes Yes Yes Yes Unclear Unclear Unclear Unclear Yes Unclear Unclear Unclear
2016%
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Table 3 Quality Assessment of Case-Control Studies Based

on the Modified Newcastle-Ottawa Scale

Study Validation | Representativeness | Selection of Definition of Comparability | Comparability
of Cases of the Cases Controls Controls of Cases and of Cases and
Controls on Controls on
Age Duration of
Menstrual
Cycle
Wu GW et al, 2016% | Yes Yes Yes Unclear Yes Unclear
Fan XS et al, 20222 Yes Yes Yes Unclear Yes Yes
She YF et al, 201722 Yes Yes Yes Unclear Yes Yes
Li LZ, 20227 Yes Yes Yes Yes Yes Unclear
Du XY, 2018%8 Yes Yes Yes Yes Yes Yes
Zhang JC, 2016° Yes Yes Yes Unclear Yes Yes
Wu GW, 2016% Yes Yes Yes Unclear Yes Unclear

patients during the menstrual cycle had higher skin temperature difference between the left and right sides of the SP 10
acupoint area than in healthy subject (MD =0.07, 95% CI = [0.00, 0.13], P = 0.04, P < 0.05) (Figure 3).

Di)i (SP 8) Acupoint

A total of five studies including 282 PD patients and 263 healthy subjects reported changes in skin temperature between
the right and left side of the SP § acupoint area, with 1476 groups comparing the difference in skin temperature of the SP
8 acupoint area. A large heterogeneity among the included studies was found using the heterogeneity test, with a P =
0.003 and I = 60%, and the random effects model was used to combine the effect size. The meta-analysis showed no
significant difference in skin temperature between the right and left side of the SP & acupoint area in PD patients
compared with healthy subjects (MD = 0.00, 95% CI = [-0.06,0.06], P = 0.95). A subgroup analysis was performed

Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight |V. Fixed. 95% Cl IV, Fixed, 95% CI
1.1.1 Premenstrual period

Fan XS 2022 0.4459 0.2813 58 0.3494 0.2662 57 16.2% 0.10[-0.00, 0.20] =
Zhang JC 2016 0.48 0.38 90 0.62 1.23 90 2.3% -0.14[-0.41,0.13] I

Du XY 2018 0.44 0.35 61 0.38 0.3 61 12.2% 0.06 [-0.06, 0.18] T
Subtotal (95% Cl) 209 208 30.7% 0.06 [-0.01, 0.14] >
Heterogeneity: Chiz = 2.67, df = 2 (P = 0.26); I> = 25%

Test for overall effect: Z=1.73 (P = 0.08)

1.1.2 Menstrual period

Fan XS 2022 0.4159 0.4333 58 0.3441 0.3346 57 8.1% 0.07[-0.07,0.21] -
She YF 2017 0.51 0.55 52 04 038 49  4.8% 0.11[-0.07,0.29] -1
Wu GW et al. 2016 0.425 0.6969 6 0.69 04197 6 04% -0.26[0.92 039 ¢

Wu GW 2016 0.19 3.48 21 0.05 098 6 01% 0.14[-1.54,1.82] * ’
Zhang JC 2016 0.45 0.33 90 041 0.37 90 15.5% 0.04 [-0.06, 0.14] -

Du XY 2018 0.44 0.32 61 035 0.32 61 12.6% 0.09[-0.02, 0.20] T
Subtotal (95% Cl) 288 269 41.6% 0.07 [0.00, 0.13] N
Heterogeneity: Chiz = 1.65, df = 5 (P = 0.90); I> = 0%

Test for overall effect: Z=2.09 (P = 0.04)

1.1.3 Postmenstrual period

Fan XS 2022 0.3441 0.3345 58  0.41 0.4107 57  8.7% -0.07 [-0.20, 0.07] I

She YF 2017 0.5 0.62 48 048 0.56 49  29% 0.02[-0.22,0.26] |

Zhang JC 2016 0.54 0.62 90 0.64 1.3 90 1.8% -0.10[-0.40, 0.20] - 1

Du XY 2018 0.36 0.32 61 034 0.28 61 14.3% 0.02[-0.09, 0.13] ]
Subtotal (95% ClI) 257 257 27.7% -0.01[-0.09, 0.06] ‘
Heterogeneity: Chi? = 1.34, df = 3 (P = 0.72); I? = 0%

Test for overall effect: Z=0.38 (P = 0.71)

Total (95% Cl) 754 734 100.0% 0.04[0.00, 0.08] | 4
Heterogeneity: Chiz = 8.73, df = 12 (P = 0.73); I? = 0% _&5 _0_’25 0 o.=25 ofs

Test for overall effect: Z=2.11 (P = 0.03)

) . Favours [experimental]
Test for subgroup differences: Chi? = 3.08, df =2 (P = 0.21), I> = 35.0%

Favours [control]

Figure 3 Forest plot of the difference in skin temperature between PD patients and healthy people at the Sanyinjiao (SP 6) acupoint.
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based on different measurement time points of the menstrual cycle to further explore the difference in skin temperature
during different menstrual cycles. Three studies reported the differences in skin temperature of the SP 8 acupoint area
during the premenstrual period, five reported it during the menstrual period, and four reported it during the postmenstrual
period. The results showed no significant difference in skin temperature between the right and left sides of the SP §
acupoint area during the premenstrual (MD = 0.02, 95% CI = [-0.07, 0.17], P=0.068) and menstrual (MD = 0.05, 95%
CI = [-0.04,0.14], P = 0.25) periods in PD patients, while they had lower skin temperature difference between the left
and right sides of the SP &8 acupoint area compared with healthy subject during the postmenstrual period (MD = —0.09,
95% CI = [-0.16, —0.01], P = 0.02, P < 0.05) (Figure 4).

XueHai (SP 10) Acupoint

A total of five studies including a total of 282 PD patients and 263 healthy subjects reported the changes in skin temperature
in the left and right side of the SP /0 acupoint area. A total of 1476 groups compared the differences among the SP 10
acupoint area. No significant heterogeneity among the included studies was found, as revealed by the heterogeneity test
showing a value of P = 0.79 and I* = 0%, and the fixed effects model was used to combine the effect size. The meta-
analysis results showed that the difference in skin temperature between the right and left side of the SP /0 acupoint area was
significantly lower in PD patients than in the healthy subjects (MD = —0.07, 95% CI = [-0.11, —0.02], P = 0.003, P < 0.05).
A subgroup analysis was performed to further explore the differences in skin temperature between the left and right sides of
the SP 10 acupoint area at different menstrual periods based on different measurement time points of the menstrual period,
with three studies reporting differences in the premenstrual period, five reporting the differences in the menstrual period,
and four reporting the differences in the postmenstrual period. The results showed no significant difference in skin
temperature between the left and right sides of the SP /0 acupoint area in the premenstrual (MD = —0.04, 95% CI =
[-0.11, 0.04], P = 0.31) and menstrual (MD = —0.03, 95% CI = [-0.11,0.04], P = 0.33) period in PD patients compared to
healthy subjects. However, PD patients during the postmenstrual period had lower skin temperature difference between the
left and right sides of the SP 10 acupoint area than in healthy subject (MD = —0.14, 95% CI = [-0.23, —0.06], P = 0.0006,
P < 0.05) (Figure 5).

Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean sSD Total Mean SD Total Weight V. Random, 95% Cl 1IV. Random. 95% CI
1.2.1 Premenstrual period
Fan XS 2022 0.3647 0.3421 58 0.3247 0.2662 57  10.0% 0.04 [-0.07, 0.15] T
Zhang JC 2016 0.51 0.55 90 064 0.75 90 59% -0.13[-0.32, 0.06] -
Du XY 2018 0.4 0.3 61 034 025 61  10.9% 0.06 [-0.04, 0.16] T
Subtotal (95% Cl) 209 208 26.8% 0.02 [-0.07, 0.11] L 2

Heterogeneity: Tau? = 0.00; Chi? = 3.05, df = 2 (P = 0.22); I1> = 34%
Test for overall effect: Z=0.42 (P = 0.68)

1.2.2 Menstrual period

Fan XS 2022 0373  0.2054 58 02771 02586 57 11.7% 0.10[0.01, 0.18] —
She YF 2017 0.41 0.45 52 03 023 49 84%  0.11[-0.03,0.25] T

Wu GW 2016 0.76 3.15 21 029 1.01 6 01%  0.47[-1.10, 2.04] >
Zhang JC 2016 0.45 0.35 9 055 045 90 96%  -0.10[-0.22,0.02] —

Du XY 2018 0.38 0.28 61 03 027 61 109%  0.08[-0.020.18] —

Subtotal (95% ClI) 282 263  40.9%  0.05[-0.04,0.14] <>

Heterogeneity: Tau? = 0.00; Chi? = 8.66, df = 4 (P = 0.07); I1> = 54%
Test for overall effect: Z = 1.14 (P = 0.25)

1.2.3 Postmenstrual period

Fan XS 2022 0.2771 0.2585 58 0.3947 0.3575 57 9.9%  -0.12[-0.23,-0.00] —

She YF 2017 0.42 0.46 48 037 032 49 74%  0.05[-0.11,0.21] -
Zhang JC 2016 0.51 0.58 9 061 112 90 39%  -0.10[-0.36,0.16] — 1
Du XY 2018 0.31 0.24 61 043 029 61 11.1%  -0.12[-0.21,-0.03] -
Subtotal (95% Cl) 257 257 32.3%  -0.09 [0.16, -0.01] <&

Heterogeneity: Tau? = 0.00; Chi? = 3.63, df = 3 (P = 0.30); I?=17%
Test for overall effect: Z =2.29 (P = 0.02)

Total (95% Cl) 748 728 100.0% -0.00 [-0.06, 0.06] *
Heterogeneity: Tau? = 0.01; Chi2 = 27.79, df = 11 (P = 0.003); I? = 60% 1 0 e p 0’5 ;
Test for overall effe(.:t: Z=007 (P,z 0.95) Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 6.34, df = 2 (P = 0.04), 1> = 68.4%

Figure 4 Forest plot of the difference in skin temperature between PD patients and healthy people at the Dili (SP 8) acupoint.
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Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Fixed. 95% Cl 1V, Fixed. 95% Cl
1.3.1 Premenstrual period
Fan XS 2022 0.2683 0.2585 58 0.3089 0.2966 57 18.2% -0.04[-0.14, 0.06] ™
Zhang JC 2016 0.72 0.78 90 0.87 0.94 90 3.0% -0.15[-0.40, 0.10] -
Du XY 2018 0.35 0.37 61 036 0.29 61 13.5% -0.01[-0.13,0.11] -
Subtotal (95% CI) 209 208 34.7% -0.04[-0.11, 0.04]

Heterogeneity: Chiz = 0.98, df =2 (P = 0.61); 1= 0%
Test for overall effect: Z=1.01 (P =0.31)

1.3.2 Menstrual period

Fan XS 2022 0.2859  0.2889 58 0.2765 0.3194 57 152% 0.01[-0.10,0.12] -
She YF 2017 0.38 0.38 52 045 051 49  6.1% -0.07[-0.25,0.11] —T
Zhang JC 2016 0.75 0.66 90 082 082 90 4.0% -0.07[-0.29, 0.15] —T
Du XY 2018 0.35 0.35 61 041 035 61 122% -0.06[-0.18, 0.06] —T
Wu GW 2016 0.01 32 21 026 13 6 01% -025[-1.97,147] *¢

Subtotal (95% Cl) 282 263  37.5% -0.03 [-0.11, 0.04] <

Heterogeneity: Chi? = 1.08, df =4 (P = 0.90); I* = 0%
Test for overall effect: Z = 0.97 (P = 0.33)

1.3.3 Postmenstrual period

Fan XS 2022 02765  0.3193 58 0.4077 03118 57 14.2% -0.13[-0.25,-0.02] —

She YF 2017 04 0.31 48 057 107 49 19% -0.17 [-0.48, 0.14] —
Zhang JC 2016 0.72 07 90 096 204 90 09% -0.24[-0.69,0.21] —
Du XY 2018 0.31 0.26 61 046 046 61 10.7% -0.15[-0.28,-0.02] -
Subtotal (95% CI) 257 257  27.8% -0.14[-0.23, -0.06] <&

Heterogeneity: Chiz = 0.26, df =3 (P = 0.97); 1= 0%
Test for overall effect: Z = 3.45 (P = 0.0006)

Total (95% Cl) 748 728 100.0% -0.07 [-0.11, -0.02] *
Heterogeneity: Chiz = 7.13, df = 11 (P = 0.79); 12 = 0% 1 0 5 0 0‘5 1
Test for overall e“e_d: Z=3.00 (P_= 0.003) Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 4.82, df =2 (P = 0.09), I> = 58.5%

Figure 5 Forest plot of the difference in skin temperature between PD patients and healthy people at the XueHai (SP 10) acupoint.

ZhongDu (LR 6) Aupoint

A total of four studies including a total of 261 PD patients and 257 healthy subjects reported the changes in skin
temperature in the right and left side of the LR 6 acupoint area, for a total of 1449 groups comparing the differences of
the Zhongdu LR 6 acupoint area. A low heterogeneity among the studies was found, as revealed by the heterogeneity test
showing a value of P = 0.93 and I* = 0%, and the fixed effects model was used to combine the effect size. The meta-
analysis results showed no significant difference in skin temperature between the left and right LR 6 acupoint areas in PD
patients than the healthy subjects (MD = 0.02, 95% CI = [-0.01,0.05], P = 0.22). A subgroup analysis was performed
according to the time points of the menstrual period to further explore the difference in skin temperature between the left
and right sides of the LR 6 acupoint area during the menstrual period, with three studies reporting differences in the
premenstrual period, four reporting differences in the menstrual period, and four reporting the differences in the
postmenstrual period. The results showed no significant difference in skin temperature between the left and right sides
of the LR 6 point area in PD patients during the premenstrual (MD = 0.03, 95% CI = [-0.02, 0.09], P=0.26), menstrual
(MD =0.04, 95% CI =[-0.01, 0.09], P=0.14) and postmenstrual (MD =—0.02, 95% CI =[-0.08, 0.04], P = 0.53), period
compared to the healthy subjects (Figure 6).

ShuiQuan (KI 5) Acupoint

A total of 4 studies including 261 PD patients and 257 healthy subjects reported changes in skin temperature at the left
and right K7/ 5 acupoint area. A total of 1449 groups compared the difference of K/ 5 acupoint area. Results showed that:
indicating A high heterogeneity among various studies was found by the heterogeneity test, with a value of P = 0.08 and
1’=40%, and the random effects model was used to combine the effect size. The meta-analysis results showed no
significant difference in skin temperature between the left and right K7 5 acupoint area in PD patients compared with
healthy subjects (MD = 0.02, 95% CI = [-0.05, 0.09], P = 0.51). A subgroup analysis was performed according to
different measurement time points during different menstrual periods to further explore the difference in skin temperature
between left and right K7 5 acupoints. Three studies reported the difference during the premenstrual period, four reported
the difference during the menstrual period, and four reported the difference during the postmenstrual period. The results
showed no significant difference in skin temperature between the left and right sides of K7 5 acupoint area during the
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Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
1.4.1 Premenstrual period
Fan XS 2022 0.2659 0.2661 58 0.2247 0.1901 57 13.8% 0.04[-0.04,0.13] T
Zhang JC 2016 0.63 0.64 90 0.63 0.66 90 2.7% 0.00[-0.19,0.19] -
Du XY 2018 0.3 0.25 61 027 022 61 14.1% 0.03[-0.05, 0.11] N
Subtotal (95% CI) 209 208 30.6% 0.03[-0.02,0.09] >

Heterogeneity: Chiz = 0.16, df = 2 (P = 0.92); I = 0%
Test for overall effect: Z=1.12 (P = 0.26)

1.4.2 Menstrual period

Fan XS 2022 02953  0.2129 58 02441 0213 57 162% 0.05[0.03,0.13] T
She YF 2017 0.36 0.33 52 034 024 49 7.8% 0.02[-0.09,0.13] N
Zhang JC 2016 0.58 0.65 9 062 056 90 3.4% -0.04[-0.22,0.14] S B
Du XY 2018 0.34 0.27 61 029 022 61 129% 0.05[-0.04,0.14] T
Subtotal (95% Cl) 261 257  40.1% 0.04 [-0.01, 0.09] <>

Heterogeneity: Chi? = 1.03, df = 3 (P = 0.80); I> = 0%
Test for overall effect: Z=1.49 (P = 0.14)

1.4.3 Postmenstrual period

Fan XS 2022 0.2441 0.2129 58 0.2453 0289 57 11.4% -0.00[-0.09, 0.09]

She YF 2017 0.32 0.36 48 04 035 49  4.9% -0.08[-0.22,0.06] .
Zhang JC 2016 0.71 0.75 90 072 103 90 14% -0.01[-0.27, 0.25]

Du XY 2018 0.28 0.25 61 029 027 61 11.5% -0.01[-0.10,0.08] .
Subtotal (95% Cl) 257 257  29.3% -0.02 [-0.08, 0.04] 2

Heterogeneity: Chi? = 0.90, df = 3 (P = 0.83); I? = 0%
Test for overall effect: Z = 0.62 (P = 0.53)

Total (95% CI) 727 722 100.0% 0.02 [-0.01, 0.05] ?
Heterogeneity: Chi2 = 4.43, df = 10 (P = 0.93); I = 0% y t T t
Test for overall effect: Z = 1.23 (P = 0.22) 08 :0.25 0 0.25 0.5

X . Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 2.35, df =2 (P = 0.31), I = 14.8%

Figure 6 Forest plot of the difference in skin temperature between PD patients and healthy people at the ZhongDu (LR 6) acupoint.

premenstrual (MD = 0.04, 95% CI = [-0.10,0.18], P = 0.58), and postmenstrual period (MD = —0.07, 95% CI = [-0.16,
0.01], P = 0.10) in the in PD patients compared with healthy subjects. However, the difference in skin temperature
between the left and right KI 5 acupoint area of PD patients during the menstrual period (MD = 0.11, 95% CI =
[0.03,0.19], P = 0.007, P < 0.05) was higher than that of healthy people, and the difference was significant (Figure 7).

Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% Cl 1V, Random. 95% CI
1.5.1 Premenstrual period
Fan XS 2022 0.3895 0.3497 58 0.3318 0.327 57 14.2% 0.06 [-0.07, 0.18] ™
Zhang JC 2016 0.52 0.46 90 095 273 90 1.4% -0.43[-1.00, 0.14]
Du XY 2018 0.61 0.56 61 052 0.51 61 8.8% 0.09 [-0.10, 0.28] T
Subtotal (95% Cl) 209 208 24.4% 0.04 [-0.10, 0.18] -

Heterogeneity: Tau? = 0.01; Chi? = 2.89, df =2 (P = 0.24); I?=31%
Test for overall effect: Z = 0.55 (P = 0.58)

1.5.2 Menstrual period

Fan XS 2022 04153  0.3497 58 0.2995 0.3042 57 14.6%  0.12[-0.00, 0.24] —

She YF 2017 0.73 0.9 52 054 045 49 51%  0.19[-0.09, 0.47] T—
Zhang JC 2016 0.64 0.62 90 054 047 90 109%  0.10[-0.06, 0.26] T

Du XY 2018 06 0.55 61 052 05 61 90%  0.08[-0.11,0.27] T
Subtotal (95% Cl) 261 257  39.6% 0.11[0.03, 0.19] &

Heterogeneity: Tau? = 0.00; Chi? = 0.45, df = 3 (P = 0.93); 1= 0%
Test for overall effect: Z = 2.68 (P = 0.007)

1.5.3 Postmenstrual period

Fan XS 2022 02995  0.3041 58 0.3095 02738 57 16.1%  -0.01[-0.12, 0.10] -
She YF 2017 0.56 0.4 48 072 068 49 69%  -0.16[-0.39, 0.07] —
Zhang JC 2016 0.67 0.58 90 117 446 90 06%  -0.50[-1.43,0.43] *

Du XY 2018 0.44 0.41 61 057 039 61 124%  -0.13[-0.27,0.01] —
Subtotal (95% Cl) 257 257 36.0%  -0.07 [-0.16, 0.01] @

Heterogeneity: Tau? = 0.00; Chi? = 3.35, df = 3 (P = 0.34); 1= 10%
Test for overall effect: Z = 1.66 (P = 0.10)

Total (95% Cl) 727 722 100.0% 0.02 [-0.05, 0.09]

Heterogeneity: Tau? = 0.00; Chi? = 16.67, df = 10 (P = 0.08); I> = 40% t t t t

Test f Il effect: Z = 0.65 (P = 0.51 g 05 0 05 !
estloroverall € e(.: 1Z=065( o ) Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 9.23, df = 2 (P = 0.010), I = 78.3%

Figure 7 Forest plot of the difference in skin temperature between PD patients and healthy people at the ShuiQuan (KI 5) acupoint.
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Taibai (SP 3) Acupoint

A total of 4 studies including 261 PD patients and 257 healthy subjects reported the changes in skin temperature in the
left and right SP 3 acupoint area. A total of 1449 groups compared the difference of SP 3 acupoint area. A low
heterogeneity was found among the included studies, as revealed by the heterogeneity test results, with a value of P =
0.57 and I = 0%, and the fixed-effect model was used to combine the effect size. The meta-analysis results showed no
significant difference in skin temperature between the left and right SP 3 acupoint area in PD patients compared with
healthy people (MD = —0.04, 95% CI = [-0.10,0.03], P=0.25). A subgroup analysis was performed according to the
different measurement time points during the menstrual period to further explore the difference of skin temperature in the
left and right SP 3 acupoint of different menstrual periods. Three studies reported the difference during the premenstrual
period, four reported the difference during the menstrual period, and four reported the difference during the postmenstr-
ual period. The results showed no significant difference in skin temperature between the left and right SP 3 acupoint area
during the premenstrual (MD = —0.08, 95% CI = [-0.18,0.03], P = 0.15), menstrual (MD = 0.05, 95% CI =[-0.06,0.16],
P = 0.40) and postmenstrual period (MD = —0.07, 95% CI = [-0.17, 0.04], P = 0.20) in PD patients compared with
healthy subjects (Figure 8).

Taichong (LR 3) Acupoint

A total of 4 studies including 261 PD patients and 257 healthy subjects reported changes in skin temperature in the left
and right LR 3 acupoint area. A total of 1449 groups compared the difference in skin temperature in the left and right LR
3 acupoint area. A moderate heterogeneity among the included studies was found, as revealed by the heterogeneity test,
with a value of P = 0.08 and I* = 40%, and a fixed-effect model was used to combine the effect size. The meta-analysis
results showed no significant difference in skin temperature difference between the left and right LR 3 acupoint area in
PD patients compared with healthy subjects (MD = —0.01, 95% CI = [-0.07, 0.05], P = 0.75). A subgroup analysis was
performed according to different measurement time points during the different menstrual periods to further explore the
difference of skin temperature in the left and right LR 3 acupoint. Three studies reported the difference during the
premenstrual period, four reported the differences during the menstrual period, and four reported the differences during
the postmenstrual period. The results showed no significant difference in skin temperature difference between the left and

Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% Cl 1V, Fixed, 95% CI
1.6.1 Premenstrual period
Fan XS 2022 0.4377 0.3269 58 0.4924 0.5324 57 14.3% -0.05[-0.22,0.11] - 1
Zhang JC 2016 0.58 0.53 90 074 0.76 90 10.2% -0.16[-0.35, 0.03] - T
Du XY 2018 0.56 0.56 61 0.58 0.56 61 9.5% -0.02[-0.22,0.18] 7
Subtotal (95% Cl) 209 208 34.0% -0.08[-0.18, 0.03] -

Heterogeneity: Chi* = 1.11, df =2 (P = 0.57); I> = 0%
Test for overall effect: Z = 1.43 (P = 0.15)

1.6.2 Menstrual period

Fan XS 2022 05919  0.7146 58 0.3995 04259 57  8.1% 0.19[-0.02, 0.41] 1

She YF 2017 0.73 0.99 52 057 066 49 35% 0.16[-0.17, 0.49] -
Zhang JC 2016 0.61 0.61 9 069 057 90 12.6% -0.08[-0.25,0.09] —T
Du XY 2018 0.75 0.72 61 069 084 61 49% 0.06[-0.22 0.34] —
Subtotal (95% Cl) 261 257  29.1% 0.05 [-0.06, 0.16] -

Heterogeneity: Chiz = 4.31, df = 3 (P = 0.23); I> = 30%
Test for overall effect: Z = 0.84 (P = 0.40)

1.6.3 Postmenstrual period

Fan XS 2022 0.3995 0.4257 58 0.4653 0502 57 12.9% -0.07 [-0.24,0.10] I
She YF 2017 0.57 0.66 48 068 074 49 48% -0.11[-0.39,0.17] I
Zhang JC 2016 0.65 0.63 90 071 051 90 134% -0.06[-0.23,0.11] .
Du XY 2018 0.56 0.71 61 06 072 61 58% -0.04[-0.29,0.21] ]
Subtotal (95% Cl) 257 257  36.9% -0.07 [-0.17, 0.04] -

Heterogeneity: Chi? = 0.14, df = 3 (P = 0.99); I = 0%
Test for overall effect: Z = 1.27 (P = 0.20)

-0.5  -0.25 0.25 0.5
Favours [experimental] Favours [control]

Total (95% CI) 727 722 100.0% -0.04 [-0.10, 0.03] ﬁ
Heterogeneity: Chi? = 8.60, df = 10 (P = 0.57); I? = 0% t y 0
Test for overall effect: Z=1.16 (P = 0.25)

Test for subgroup differences: Chi? = 3.04, df =2 (P = 0.22), I =34.1%

Figure 8 Forest plot of the difference in skin temperature between PD patients and healthy people at the Taibai (SP 3) acupoint.
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right sides of the LR 3 acupoint area during the premenstrual (MD = 0.03, 95% CI = [-0.08,0.13], P = 0.62) and
postmenstrual period (MD = 0.06, 95% CI = [-0.03, 0.16], P = 0.19) in PD patients compared with healthy subjects.
However, the difference of skin temperature in the left and right LR 3 acupoint area of PD patients during the menstrual
period (MD = —0.10, 95% CI = [-0.19,-0.01], P = 0.03, P < 0.05) was lower than that of the healthy subjects, and the
difference was significant (Figure 9).

XuanZhong (GB 39) Acupoint

A total of 4 studies including 261 PD patients and 257 healthy subjects reported changes in skin temperature at the left
and right GB 39 acupoint area. A total of 1449 groups compared the difference in skin temperature in the left and right
GB 39 acupoint area. A low heterogeneity among various studies was found, as revealed by the heterogeneity test results,
with a value of P = 0.40 and I = 5%, and the fixed-effect model was used to combine the effect sizes. The meta-analysis
results showed no significant difference in skin temperature between the left and right GB 39 acupoint area in PD patients
compared with healthy subjects (MD = —0.00, 95% CI = [-0.04, 0.04], P = 1.00). A subgroup analysis was conducted
according to the different measurement time points during the menstrual period to further explore the difference of skin
temperature in the left and right GB 39 acupoint area. Three studies reported the difference during the premenstrual
period, four reported the differences during the menstrual period, and four reported the differences during the post-
menstrual period. The results showed no significant difference in skin temperature between the left and right GB 39
acupoint area during the premenstrual (MD = 0.07, 95% CI =[-0.01, 0.15], P = 0.10), menstrual (MD =—0.01, 95% CI =
[-0.08,0.06], P = 0.76) and postmenstrual period (MD = —0.05, 95% CI = [-0.13, 0.03], P = 0.22) in the PD patients
compared with healthy subjects (Figure 10).

Taixi (KI 3) Acupoint

A total of 4 studies including 261 PD patients and 257 healthy subjects reported changes in skin temperature at the left
and right K7 3 acupoint area. A total of 1449 groups compared the difference in skin temperature at the left and right K7 3
acupoint area. A moderate heterogeneity among the included studies was found, as revealed by the heterogeneity test
results with a value of P =0.11 and I> = 36%, and the fixed-effect model was used to combine the effect size. The meta-
analysis results showed that the difference of skin temperature in the left and right K7 3 acupoint area in PD patients was

Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fixed, 95% CI
1.7.1 Premenstrual period
Fan XS 2022 0.4413 0.4183 58 0.3636 0.3651 57 154% 0.08[-0.07,0.22] T
Zhang JC 2016 0.57 0.69 90 0.86 1.17 90 4.0% -0.29[-0.57,-0.01]
Du XY 2018 0.54 0.52 61 0.46 0.52 61 9.3% 0.08[-0.10, 0.26] -
Subtotal (95% Cl) 209 208 28.7% 0.03[-0.08, 0.13] -

Heterogeneity: Chi? = 5.70, df = 2 (P = 0.06); I> = 65%
Test for overall effect: Z=0.50 (P = 0.62)

1.7.2 Menstrual period

Fan XS 2022 0.3023 0.3118 58 0.4212 0.3499 57 215% -0.12[-0.24,0.00] —

She YF 2017 0.68 0.95 52 066 1.02 49 21% 0.02[-0.37,0.41]

Zhang JC 2016 0.66 0.68 90 065 067 90 81% 0.01[-0.19,0.21] . —
Du XY 2018 0.37 0.33 61 062 088 61 57% -0.25[-0.49,-0.01]

Subtotal (95% CI) 261 257  37.5% -0.10 [-0.19, -0.01] -

Heterogeneity: Chi* =3.21, df =3 (P =0.36); I’=7%
Test for overall effect: Z =2.20 (P = 0.03)

1.7.3 Postmenstrual period

Fan XS 2022 0.4177 0.3573 58 0.363 04031 57 16.3% 0.05[-0.08,0.19] B
She YF 2017 0.71 0.97 48 082 093 49 22% -0.11[-0.49,0.27]

Zhang JC 2016 0.78 0.78 90 067 065 90 7.2% 0.11[-0.10,0.32] ]

Du XY 2018 0.56 0.59 61 047 052 61 81% 0.09[-0.11,0.29] .
Subtotal (95% CI) 257 257 33.8% 0.06 [-0.03, 0.16] e

Heterogeneity: Chi? = 1.08, df =3 (P = 0.78); 1= 0%
Test for overall effect: Z=1.30 (P =0.19)

Total (95% CI) 727 722 100.0% -0.01[-0.07, 0.05] ?
Heterogeneity: Chi? = 16.66, df = 10 (P = 0.08); I> = 40% t (')
Test for overall effect: Z=0.32 (P = 0.75)

Test for subgroup differences: Chi? = 6.66, df =2 (P = 0.04), I1>=70.0%

-0.5 -0.25 0.25 0.5
Favours [experimental] Favours [control]

Figure 9 Forest plot of the difference in skin temperature between PD patients and healthy people at the Taichong (LR 3) acupoint.
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Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% Cl 1V, Fixed, 95% CI
1.9.1 Premenstrual period
Fan XS 2022 0.3247 0.3573 58 0.2412 0.2282 57 16.6% 0.08[-0.03, 0.19] T
Zhang JC 2016 0.56 0.64 90 095 262 90 06% -0.39[-0.95,0.17] ¢
Du XY 2018 0.48 0.39 61 0.41 0.31 61 12.7% 0.07 [-0.06, 0.20] T
Subtotal (95% CI) 209 208 30.0% 0.07 [-0.01, 0.15] -

Heterogeneity: Chiz = 2.67, df = 2 (P = 0.26); I> = 25%
Test for overall effect: Z = 1.63 (P = 0.10)

1.9.2 Menstrual period

Fan XS 2022 0.3671 0.3801 58 0.3453 0289 57 13.1% 0.02[-0.10, 0.15] —
She YF 2017 0.45 0.35 52 056 045 49  8.0% -0.11[-0.27,0.05] e —

Zhang JC 2016 0.61 0.78 90 063 069 90 4.3% -0.02[-0.24,0.20] Y E—
Du XY 2018 0.47 0.41 61 045 029 61 125% 0.02[-0.11,0.15] — T
Subtotal (95% Cl) 261 257  37.9% -0.01 [-0.08, 0.06] -

Heterogeneity: Chiz = 2.02, df = 3 (P = 0.57); I = 0%
Test for overall effect: Z=0.31 (P = 0.76)

1.9.3 Postmenstrual period

Fan XS 2022 0.3453 0.2889 58 0.3459 0.3194 57 16.0% -0.00[-0.11,0.11] . —
She YF 2017 0.61 0.58 48 069 092 49 21% -0.08[0.39,0.23]

Zhang JC 2016 0.67 0.6 90 075 087 90 4.2% -0.08[-0.30,0.14] e E—
Du XY 2018 0.38 0.33 61 049 046 61 9.8% -0.11[-0.25,0.03] T
Subtotal (95% Cl) 257 257 32.2% -0.05[-0.13, 0.03] -

Heterogeneity: Chi? = 1.55, df = 3 (P = 0.67); I> = 0%
Test for overall effect: Z=1.24 (P = 0.22)

Total (95% Cl) 727 722 100.0% 0.00 [-0.04, 0.04] ?
Heterogeneity: Chiz = 10.52, df = 10 (P = 0.40); I2 = 5% t f

Test for overall effect: Z=0.00 (P = 1.00)

Test for subgroup differences: Chi? = 4.28, df =2 (P = 0.12), 1> = 53.2%

-0.5 -0.25 0 0.25 0.5
Favours [experimental] Favours [control]

Figure 10 Forest plot of the difference in skin temperature between PD patients and healthy people at the XuanZhong (GB 39) acupoint.

higher than that in the healthy subjects (MD = 0.06, 95% CI = [0.01, 0.11], P = 0.02, P < 0.05), and the difference was
statistically significant. A subgroup analysis was performed according to the different measurement time points during
the menstrual period, among which 3 studies reported the differences in s premenstrual, four reported the difference in
different menstrual periods to further explore the differences in skin temperature between left and right sides of K7 3
acupoint area. Four reported the difference during the postmenstrual period. The results showed that the difference of
skin temperature in the K7 3 acupoint area on both sides of PD patients was higher than that of healthy subjects during the
premenstrual (MD = 0.14, 95% CI = [0.04, 0.24], P = 0.006, P < 0.05) and menstrual period (MD = 0.09, 95% CI =
[0.01, 0.18], P = 0.02, P < 0.05) period, and the difference was significant. However, no significant difference in skin
temperature between PD patients and healthy subjects was observed during the postmenstrual period (MD = —0.03, 95%
CI = [-0.11, 0.05], P = 0.42) (Figure 11).

Analysis of Publication Bias
Since no more than 10 studies were included for each outcome in our study, funnel plots were not performed.

Discussion

A total of 7 studies that involved 328 PD patients and 279 healthy controls were included in this study. The differences in
skin temperature at the relevant acupoints in PD patients were compared with those of healthy subjects. A total of nine
acupoints such as Sanyinjiao (SP 6), Diji (SP 8), Xuehai (SP 10), Zhongdu (LR 6), Shuiquan (KI 5), Taibai (SP 3),
Taichong (LR 3), Xuanzhong (GB 39) and Taixi (KI 3) were considered. The skin temperature in the areas of the Diji
(SP 8), Xuchai (SP 10), Shuiquan (KI 5), Taichong (LR 3) and Taixi (KI 3) acupoints was different in PD patients
compared with healthy subjects. The overall results showed that the difference in skin temperature between the left and
right areas of the Sanyinjiao (SP6), Xuehai (SP 10) and Taixi (KI 3) acupoints was significantly different between PD
patients and healthy subjects. The results of the subgroup analysis showed that the difference of skin temperature in the
acupoint area of Taixi (KI 3) was significantly different between the PD patients and the healthy subjects before
menstruation; the difference of skin temperature in Sanyinjiao (SP6), Shuiquan (KI 5), Taichong (LR 3) and Taixi
(KI 3) acupoints during menstruation was significantly different between PD patients and the healthy subjects; the
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Primary Dysmenorrhea Group Health Group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.8.1 Premenstrual period
Fan XS 2022 0.5336 0.4257 58 0.3929 0.3042 57 13.2% 0.14[0.01, 0.28] —
Zhang JC 2016 0.49 0.41 9  0.81 27 90 0.8% -0.32[-0.88,0.24] *
Du XY 2018 0.61 0.49 61 044 034 61 10.8% 0.17[0.02, 0.32] -
Subtotal (95% CI) 209 208 24.8% 0.14[0.04, 0.24] -

Heterogeneity: Chi2 = 2.71, df = 2 (P = 0.26); 1> = 26%
Test for overall effect: Z = 2.77 (P = 0.006)

1.8.2 Menstrual period

Fan XS 2022 0.4083  0.4257 58 0.3212 0.3042 57 132% 0.09 [-0.05, 0.22] T
She YF 2017 0.64 0.71 52 036 042 49 47% 0.28([0.05, 0.51]

Zhang JC 2016 0.53 0.63 90 043 039 90 10.3% 0.10 [-0.05, 0.25] T
Du XY 2018 0.52 0.47 61 052 047 61 87% 0.00[-0.17,0.17] T
Subtotal (95% Cl) 261 257 36.9% 0.09 [0.01, 0.18] >

Heterogeneity: Chiz = 3.84, df = 3 (P = 0.28); I> = 22%
Test for overall effect: Z=2.30 (P = 0.02)

1.8.3 Postmenstrual period

Fan XS 2022 0.3212 0.3041 58 0.3618 0.3423 57 17.2% -0.04[-0.16, 0.08] —

She YF 2017 0.55 0.53 48 054 05 49 57% 0.01[-0.20,0.22] S —
Zhang JC 2016 0.63 1.95 90 09 248 90 0.6% -0.27[-0.92 0.38] *¢

Du XY 2018 0.4 0.36 61 043 036 61 14.8% -0.03[-0.16,0.10] T
Subtotal (95% Cl) 257 257  38.3% -0.03 [-0.11, 0.05] >

Heterogeneity: Chi? = 0.69, df = 3 (P = 0.87); I? = 0%
Test for overall effect: Z = 0.80 (P = 0.42)

Total (95% CI) 727 722 100.0% 0.06 [0.01, 0.11] L d
Heterogeneity: Chi® = 15.62, df = 10 (P = 0.11); I = 36%

Test for overall effect: Z = 2.28 (P = 0.02)

Test for subgroup differences: Chi? = 8.38, df =2 (P = 0.02), I =76.1%

-0.5 -0.25 0 0.25 0.5
Favours [experimental] Favours [control]

Figure 11 Forest plot of the difference in skin temperature between PD patients and healthy people at the Taixi (KI 3) acupoint.

difference of skin temperature in Digi (SP 8) and Xuehai (SP 10) acupoints after menstruation was significant between
PD patients and the healthy subjects. In summary, the temperature differences of Sanyinjiao (SP6), Diji (SP 8), Xuehai
(SP 10), Shuiquan (KI 5), Taichong (LR 3) and Taixi (KI 3) had a certain potential in the early diagnosis and in the
evaluation of the efficacy of acupuncture in PD patients.

Some studies showed that in patients with PD and healthy subjects have an asymmetry in skin temperature at some
acupoints, and this asymmetry has some significance in the early detection of the disease, early complementary diagnosis,
and evaluation of the efficacy of complementary therapies.>> Some acupoints show certain thermal characteristics of the
skin, presenting an imbalance in skin temperature in the left and right specific acupoints in pathological processes such as

3537 infertility,’® intracranial hypertension,*

chronic bronchial asthma,” chronic hepatitis,’* breast hyperplasia,
obesity,*® and PD.?**' The imbalance in body surface temperature also has diagnostic value for a variety of pathological
statuses, such as breast disease,42 diabetic foot,43 acute stroke,44 and facial palsy.45

Acupoints are special areas where the Qi (“<, ie, vital energy) from the Zang-Fu (JLff) organs and meridians is
transferred and infiltrated, and they are special areas on the body surface that are interconnected with the related parts of
the Zang-Fu (JE/if) organs. Acupoints adjust the function of the Zang-Fu (JILIff) organs and are the key of the
acupuncture treatment of diseases. They are also special areas that reflect the function of the Zang-Fu (JE}if) organs
and play a role in assisting the diagnosis of diseases. Acupoint sensitization occurs with the development of Zang-Fu (fIi
JIi¥) diseases and disappears with the disappearance of these diseases, indicating that acupoint sensitization on the body
surface is closely related to the development of Zang-Fu (JEfIff) diseases in the body. The functional status of acupoints
strongly influences the effects of acupuncture, and the dynamic change from “silence” to “awakening” of the acupoints
enhances their acupuncture function and produce a “small stimulus with a large effect”. The mechanism is related to
central and peripheral nervous system sensitization mechanisms.*® The asymmetry in the temperature of specific
acupoints on the body’s surface in a disease status falls into the category of thermal sensitization. Numerous studies
showed that the selection of sensitised acupoints to be used for intervention is more effective than the use of traditional
acupuncture points. The study of asymmetries in skin temperature at specific acupoints during a disease status helps
disease diagnosis and increases effectiveness. Infrared thermographic imaging techniques can use sensors to receive

infrared radiation from the human body surface without any external factors, and after processing, infrared thermograms
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of the human body surface can be obtained, which can reflect the real-time thermal metabolic status of the body and play
a significant role in the prevention and diagnosis of diseases. Various methods of detecting body surface temperature are
available besides infrared thermographic imaging techniques, such as thermistor thermometers and semiconductor
thermometers.*’ Infrared thermographic imaging techniques offer images of the temperature distribution in the body
surface with greater accuracy, sensitivity and resolution than contact thermometry, being objective, accurate, simple,
convenient, and reproducible.*® "

Overall, this is the first study that systematically evaluates the difference in skin temperature of specific acupoints in
patients with PD and healthy subjects achieving certain findings. This study summarized the current clinical evidence and
found that some acupoints showed some temperature specificity in the menstrual cycle of PD patients, and detecting
these acupoints with changed temperature, could contribute to the early diagnosis of PD and the development of portable
devices; in addition, stimulation of these acupoints with changed skin temperature could achieve better efficacy.
Although identifying some problems: (1) We limited the language of the included literature to Chinese or English, and
the authors of the included studies were from China, so there may be publication bias considering the influence of
Chinese culture; (2) The TISEM consensus checklist is recommended to assess the quality of the study when using
infrared thermographic imaging techniques to ensure more reliable results that ensure the rigor and credibility of the skin
temperature measurements of the acupoints; (3) Different ways of averaging multiple measurements and averaging
consecutive measurements are available in the measure of skin temperature, which need to be standardized in future
studies; (4) Since skin temperature is influenced by circadian rhythms, the time points of skin temperature measurement
should be as consistent as possible within the same study; (6) The time points of measurement in PD involve the
premenstruation, menstruation and postmenstruation periods. For example, as regard the premenstrual period, some
studies choose 1 day before menstruation while others choose 3 days before it; thus, the timing of the premenstrual
period is often difficult to understand; (6) all the included studies used acupoints as the areas of temperature measure-
ment, and their choice was mostly based on clinical experience. However, it is not known whether skin temperature
changes in other areas (other unselected acupoints or non-acupoints) compared to these acupoints. Thus, the focus of
future studies will be to establish whether changes in skin temperature during a pathological status are always specific to
acupoints; (7) the majority of the included studies evaluated the absolute value of the difference between the skin
temperature of the left and right homonymous acupoints (ie, the degree of imbalance) as an outcome indicator, while
some studies reported the absolute skin temperature of the left and right homonymous acupoints. Some other studies
selected a point on another part of the body as a reference (eg, theYingtang(GV24") acupoint) and then they measured the
temperature of the target acupoint and compare the change in acupoint temperature. Overall, it seems more appropriate to
use the degree of imbalance to evaluate the temperature changes of the acupoints.

Conclusion

Primary dysmenorrhoea patients showed some differences in skin temperature in some acupoint areas, such as Sanyinjiao
(SP6), Diji (SP 8), Xuehai (SP 10), Shuiquan (KI 5), Taichong (LR 3) and Taixi (KI 3) compared with healthy subjects.
These acupoints are specific in the early diagnosis and evaluation of the efficacy of acupuncture in primary dysmenor-
rhoea patients.
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