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Purpose: As an adipocyte-secreted hormone, resistin is linked to inflammation, insulin resistance and atherosclerosis. Currently, 
resistin is proposed as a novel biomarker for postoperative pain intensity. However, due to the various types of surgery and limited 
numbers of studies, previous conclusions should be validated. This study aimed to explore the effect of resistin polymorphism 
(rs3745367) on pain thresholds and sufentanil consumption in gastric cancer patients.
Patients and Methods: A total of 148 gastric cancer patients enrolled in this study had their pain thresholds measured before 
surgery. After the exclusion of 16 patients, the characteristics of demography and clinic, numerical rating scale (NRS) and sufentanil 
consumption of 132 patients were recorded. Rs3745367 of resistin was identified by Sanger sequencing. Multivariate linear regression 
analysis was performed for sufentanil consumption and mechanical pain threshold.
Results: The distributions of the GG, AG, and AA genotypes of rs3745367 among the participants were 54 (40.9%), 65 (49.2%), and 
13 (9.9%), respectively. The mechanical pain threshold (P=0.04) and postoperative sufentanil consumption in the 1st 24 h (P=0.03) 
were significantly different among GG, AG, and AA genotype carriers. There was no significant difference among the three genotypes 
for the heat pain threshold and cold pain threshold. Regarding the NRS, no statistically significant difference among the three different 
genotypes was found 24 h postoperatively.
Conclusion: Rs3745367 of resistin is associated with the mechanical pain threshold and postoperative sufentanil consumption in 
gastric cancer patients. Patients with the AA genotype of rs3745367 present an increased mechanical pain threshold and decreased 
postoperative sufentanil consumption.
Keywords: gene polymorphism, pain threshold, postoperative pain, resistin, sufentanil consumption

Introduction
How to control acute postoperative pain is a vital global health issue concerning patients’ postoperative rehabilitation and 
quality of life and is worthy of more in-depth studies.1–3 In clinical practice, opioids still play an irreplaceable role in 
relieving acute pain after surgery.4,5 Patients have different perceptions of acute pain and discrepant responses to opioids, 
which are influenced by various non-genetic factors, including age, sex, body mass index (BMI), type of surgery and 
American Society of Anesthesiologists (ASA) grade.6–8 In addition to non-genetic factors, several gene polymorphisms 
that are associated with acute pain and opioid consumption after surgery have been identified.9–12

Resistin is a secretory protein from adipose tissue that has a conserved and high-order multimeric structure in rodents 
and humans.13,14 Mouse resistin has pleiotropic effects on metabolism, obesity and diabetes.13 The content of resistin is 
elevated in obese mice, and injection of resistin has an influence on insulin resistance in normal mice.15 Moreover, deletion 
of the resistin gene in mice fed a high-fat diet increases insulin sensitivity and decreases the levels of serum cholesterol and 
low-density lipoprotein.16,17 The main physiological function of human resistin is to act as an inflammatory regulator, 
targeting macrophages, peripheral blood mononuclear cells and vascular cells.18,19 Furthermore, human resistin stimulates 
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these cells to produce proinflammatory cytokines, including interleukin-6, interleukin-12 and monocyte chemoattractant 
protein 1.13 Human resistin is also involved in insulin resistance and endoplasmic reticulum stress progression.13 It can act 
as a molecular chaperone to protect other proteins and restore their functional activity.20 In addition, several polymorphisms 
of resistin are associated with pathological processes, including acute ischemic stroke, multiple sclerosis and atopic 
dermatitis.21–23

Surgical trauma can stimulate the immune response, producing cytokines to promote wound repair.24 However, an 
exaggerated response can result in immunosuppression and have an adverse effect on patient recovery.25 As a cytokine, 
human resistin is newly reported acting as a novel biomarker for postoperative pain intensity, which may influence the 
recovery of patients.26 Human resistin is located on chromosome 19p13.2 and spans 1369 bp.27 Currently, it has been reported 
that among three identified single nucleotide polymorphisms (rs7408174, rs3219175, rs3745367), the rs3745367 gene 
polymorphism of resistin is associated with postoperative pain.26 Rs3745367 is located on chromosome 19 (7,669,625) and 
can be classified into AA, AG and GG genotypes.26 Previous studies showed that the NRS score of patients with minor 
homozygosity (AA) is lower than that of patients with major homozygosity (GG) for rs3745367 of resistin after surgery.26,28 

To date, only a few studies have explored the relationship between gene polymorphisms of resistin and postoperative pain in 
limited populations.

Whether rs3745367 can be regarded as a novel biomarker of pain phenotypes needs more exploration in different 
cohorts. In this study, we explored the association of resistin (rs3745367) with pain thresholds and sufentanil consump-
tion after surgery in gastric cancer patients. Moreover, multivariate linear regression analysis was also performed. Our 
study, together with others, deepens the understanding of the relationship of resistin with postoperative pain, which may 
help clinicians personalize analgesia.

Materials and Methods
Patients
The present investigation was approved by the Ethics Committee of Peking University Cancer Hospital & Institute 
(2021KT66). Participants with the following criteria were included: aged 18–80 years, ASA physical status of I to III and 
underwent radical surgery for gastric cancer. Participants with the following diagnoses were excluded: mental illness, 
drugs for psychiatric disorders and analgesics, tumor recurrence and chronic pain. A total of 148 Chinese adult patients 
who met the inclusion criteria and did not conform the exclusion criteria were enrolled in this study. They underwent 
radical surgery for gastric cancer at the Peking University Cancer Hospital in 2021. Patients with hypertension and 
diabetes got preoperative therapy and parts of patients received chemotherapy before surgery. Participants signed their 
informed consent before the trial.

Determination of the Pain Threshold
“Pain threshold” was defined as the time when participants started to feel pain. We conventionally measured the pain 
threshold of participants for one day prior to radical surgery in gastric cancer, including the cold pain threshold, heat pain 
threshold and pressure pain threshold. Patients placed their nondominant hand in a water bath (4 °C± 0.5 °C), and the 
cold pain threshold of patients was measured by using a temperature-controlled cold-water bath (TAWA Q-18, China). 
By using a heat plate (YOONING GH-100, China), patients placed the thenar eminence of their nondominant hand on 
the hot plate (47.5 °C ± 0.1 °C) to measure the heat pain threshold. In addition, a mechanical pain meter (Wagner, US) 
was used to measure the mechanical pain threshold. The probe of the pain meter was placed on the index finger and 
slowly pressurized. When the subject felt pain, the pressurization was stopped. At that time point, the reading on the 
display was the subject’s pain threshold. The test was repeated three times, and average values were recorded.

Anesthesia and Analgesia
All patients received general anesthesia and underwent radical surgery for gastric cancer. The anesthesia procedure was 
as follows: (1) propofol (2 mg/kg), sufentanil (0.4 μg/kg) and cisatracurium (0.2 mg/kg) were used to induce general 
anesthesia; (2) sevoflurane (1%) was used to maintain the anesthesia; and (3) propofol and remifentanil were used 
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throughout the surgery, and other drugs were used if necessary. For postoperative analgesics, an analgesia pump was 
provided to patients to relieve acute pain. The pump of patient-controlled intravenous analgesia (PCIA) was composed of 
sufentanil (5 μg/kg), dextromethorphan (100 μg) and tropisetron (30 mg) in 120 mL of 0.9% sodium chloride solution. 
The background dose of PCIA was 0.5 mL/h, with a 2 mL initial dose and a 1.5 mL bolus dose. For all patients, the limit 
dose was 13 mL/h, and the lock-in time was 10 min. Morphine was mainly regarded as an agent for rescue analgesia. The 
sufentanil dosage described in the text included sufentanil from the PCIA pump and morphine (converted into 
sufentanil), which was used after the operation. The preoperative analgesic preaching and postoperative analgesic 
measures were carried out to yield an NRS score of less than or equal to 3 using an 11-point scale.

Data Collection
Demographic information, including age, sex, body mass index (BMI), educational level and history of tobacco use and 
alcohol use, was recorded. Factors associated with surgery, including American Society of Anesthesiologists (ASA) 
physical status, type and range of radical surgery and operative duration, were collected. The pathological characteristics 
(adenocarcinoma, signet ring cell carcinoma and adenocarcinoma with signet ring), Tumor, Node, and Metastasis (TNM) 
stage (I, II, III and IV) and Dukes-MAC-like stage (A1, A2, B1, B2, C1, C2 and D)29 of patients were also collected 
(Supplementary Table 1). Postoperative data that included sufentanil usage in the first 24 h and NRS scores at 24 h after 
surgery were recorded. The NRS scores ranged from 0 to 10; a score of 0 meant no pain, and a score of 10 indicated the 
worst imaginable pain.

Genotype Identified
Blood samples (5 mL) were collected from patients 1 h before surgery, and genomic DNA was isolated by a phenol- 
chloroform method.30 Polymerase chain reactions were performed to acquire target products using Taq mix (Vazyme, 
P111-01) through the following primers: rs3745367 (forward: ACCTCACTGATCCCTGGCAC; reverse: 
ACAGAAATGGGCGCCTGGAC). The PCR procedure was performed as follows: denaturation at 95 °C for 20s, 
annealing at 50 °C for 30s, extension at 60 °C for 3 min and a total of 30 cycles (Applied Biosystems, US). Products 
were purified (Applied Biosystems, US) and sequenced by the Sanger sequencing method.

Statistical Analysis
Data were analyzed depending on their type by using GraphPad Prism 8 and IBM SPSS Statistics 27 software. Continuous 
variables were presented as the median (interquartile range) or as the mean ± standard deviation (SD), depending on their 
distribution characteristics. The Kruskal–Wallis test or One-way ANOVA was performed among the three groups. 
Categorical variables were analyzed by Chi-square analysis and presented as percentages (%). The Hardy–Weinberg 
equilibrium (HWE) of genotypes was tested using Chi-square analysis.

Specifically, BMI, sufentanil consumption, cold pain threshold and mechanical pain threshold were analyzed by 
One-way ANOVA; age, operative duration, heat pain threshold and NRS were analyzed by the Kruskal–Wallis test; 
sex, type of procedure and range of radical surgery in gastric cancer were analyzed by Chi-square analysis. The 
pathological type, TNM stage and Dukes-MAC-like stage were analyzed by Kruskal–Wallis test to examine the 
correlation between tumor features and gene polymorphism. The difference was considered to be statistically sig-
nificant when P < 0.05.

Multivariate linear regression analysis was performed for the mechanical pain threshold, with the mechanical pain 
threshold as the dependent variable. Age, BMI, sex, educational level, history of tobacco use and alcohol use and 
rs3745367 genotypes were included as independent variables in the model. Multivariate linear regression analysis was 
also performed for sufentanil consumption, with sufentanil consumption as the dependent variable. Age, BMI, sex, type 
of procedure, range of radical surgery, history of tobacco use and alcohol use and rs3745367 genotypes were included as 
independent variables in the model. The sample size was calculated by using the number of risk factors for postoperative 
sufentanil consumption. The sample size was equal to 10 to 20 times the number of variables; thus 148 patients were 
enrolled in our study, which met the sample criterion.
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Results
Characteristics of the Participants
One hundred forty-eight gastric cancer patients who underwent radical surgery were enrolled in this study. Sixteen 
patients were excluded due to changes in the type of surgery and anesthesia or due to cancellation of surgery (Figure 1). 
Statistical analyses were only performed on one hundred thirty-two patients.

In this study, the rs3745367 polymorphism consisted of major homozygous (GG), heterozygous (AG) and minor 
homozygous (AA) genotypes, with distributions of 54 (40.9%), 65 (49.2%), and 13 (9.9%), respectively (Figure 2, 
Table 1). The genotype distribution of rs3745367 passed the Hardy–Weinberg equilibrium (P>0.05) test. As shown in 
Table 1, there were no significant differences in age, sex and BMI, educational level, history of tobacco use and alcohol 
use, ASA grade, chemotherapy, operative duration, type of procedure or range of radical surgery among the GG, AG and 
AA genotype groups (Table 1). The association of resistin polymorphism with gastric cancer features were analyzed. The 
pathological characteristics, TNM stage and Dukes-MAC-like stage of patients were not significantly different among the 
GG, AG and AA genotype groups (Table 1).

The Association of Resistin Polymorphism with the Pain Threshold
There were no significant differences for the heat pain threshold (Figure 3A) or cold pain threshold (Figure 3B) among 
the GG, AG and AA genotype groups. The mechanical pain threshold was significantly different among the three 
genotypes of rs3745367. The mechanical pain thresholds of patients with GG, AG and AA were 5.08 kgf, 5.26 kgf and 
5.89 kgf, respectively (Figure 3C). See Table 1 for details.

Figure 1 The flow chart of this study. 
Abbreviation: NRS, numerical rating scale.
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The Association of Resistin Polymorphism with Sufentanil Consumption and the NRS 
Score
The mean sufentanil consumption of GG, AG and AA carriers were 1.17 μg/kg, 1.32 μg/kg and 0.91 μg/kg, respectively, 
in the first 24 h after surgery, which were significantly different among the three genotypes of rs3745367 (Table 1, 
Figure 4). AG carriers consumed more than 45% of AA carriers in postoperative sufentanil consumption. The median 
NRS score was 2–3, and there was no statistically significant difference among the three different genotypes 24 
h postoperatively (Table 1).

Multivariate Analyses of the Mechanical Pain Threshold and Sufentanil Consumption
The results of multivariate linear regression analyses indicated that the rs3745367 polymorphism (AA vs GG, B: 0.684, 
p=0.026), age (B: −0.019, p=0.022), sex (B: 0.469, p=0.093), and educational level (B: −0.047, p=0.025) were associated 
with the mechanical pain threshold (Table 2). The rs3745367 polymorphism (AA vs AG, B: −0.313, p=0.064), age (B: 
−0.009, p=0.045) and BMI (B: −0.038, p=0.015) were associated with sufentanil consumption (Table 3). The R2 of 
multivariate linear regression (MLR) models for mechanical pain threshold and sufentanil consumption was respectively 
0.20 and 0.14.

Discussion
In our study, it was revealed that the distribution of rs3745367 genotypes was 40.9% (GG), 49.2% (AG), and 9.9% (AA) 
in Chinese people. This is nearly consistent with results from the study of Xie et al, in which the distribution of 
rs3745367 was 38.0% (GG), 52.1% (AG) and 9.9% (AA) in Chinese people.28 However, a study carried out in Japanese 
patients showed that the minor allele (A) frequency of rs3745367 was 12%, which was obviously different from that in 
our study (34%).26 Thus, the difference in the distribution of rs3745367 genotypes may be influenced by race.

Our results indicate that the mechanical pain threshold of AA carriers was higher than that of GG and AG carriers for 
the rs3745367 polymorphism. The results of multivariate linear regression analysis further confirmed that the resistin 

Figure 2 Sanger sequence map of AG, GG and AA at the rs3745367 locus in resistin.
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polymorphism (AA vs GG) was associated with the mechanical pain threshold. We searched the literature with the 
keyword “resistin AND pain threshold” in PubMed, and there were no related studies. Here, we found that AG and GG 
carriers were more sensitive to mechanical stimulation than AA carriers of rs3745367.

We found that only the mechanical pain threshold, but not the heat pain threshold or cold pain threshold, was 
associated with resistin polymorphisms. Pain thresholds can reflect pain perception in independent individuals.31 Wang 
et al reported that most small neurons respond to mechanical and thermal stimuli and that most medium and large 
neurons are mechanosensitive.32 In addition, for thermal stimuli to hind paws in mice, more heat-sensitive neurons are 

Table 1 Subject and Clinical Characteristics

Characteristics GG 54 (40.9%) AG 65 (49.2%) AA 13 (9.9%) P value

Age (years) 60 (54.75, 66) 58 (51, 66) 61 (51.5, 66) 0.59※

Female (n) 16 (29.6%) 24 (36.9%) 3 (23.1%) 0.52#

BMI (kg/m2) 23.15±2.82 23.24±3.43 25.24±2.35 0.08*

Educational level (years) 11 (9, 16) 11 (9, 16) 11 (7.5, 13.5) 0.46※

Tobacco use (n) 28 (51.8%) 30 (46.2%) 6 (46.2%) 0.81#

Alcohol use (n) 31 (57.4) 38 (58.5%) 7 (53.8%) 0.95#

ASA grade (II, %) 51 (94.4%) 58 (89.2%) 11 (84.6%) 0.44#

Chemotherapy 11 (20.4%) 19 (29.2%) 4 (30.8%) 0.50#

Pathological type (Adenocarcinoma, %) 27 (50.0%) 46 (70.8%) 6 (46.2%) 0.08※

TNM stage (II, %) 10 (18.5%) 24 (36.9%) 3 (23.1%) 0.96※

Dukes-MAC-like stage (A1, %) 15 (27.8%) 15 (23.1%) 4 (30.8%) 0.57※

Operative duration (min) 271.5 (230, 322.8) 260 (220.5, 304) 239 (232, 285) 0.39※

Type of procedure 0.09#

Laparoscopic radical surgery (n) 25 (46.3%) 29 (44.6%) 10 (76.9%)

Open radical surgery (n) 29 (53.7%) 36 (55.4%) 3 (23.1%)
Range of radical surgery 0.69#

Total radical surgery (n) 21 (38.9%) 28 (43.1%) 4 (30.8%)

Distal or proximal radical surgery (n) 33 (61.1%) 37 (56.9%) 9 (69.2%)
Sufentanil consumption (μg/kg) 1.17±0.54 1.32±0.58 0.91±0.28 0.03*a

Heat pain threshold (s) 9.73 (5.14, 26.38) 9.12 (5.46, 20.93) 14.79 (9.08, 28.47) 0.17※

Cold pain threshold (s) 15.72±7.40 15.14±7.01 13.78±8.05 0.68*
Mechanical pain threshold (kgf) 5.08±1.01 5.26±1.01 5.89±1.06 0.04*b

NRS score 3 (2–3) 2 (2–3) 2 (2–3) 0.60※

Notes: Data are presented as the mean ± SD, median (interquartile range), or n (%) and were analyzed based on their type. *One-way ANOVA, 
※Kruskal–Wallis test, #Chi-square. P value: comparison among AA, AG, and GG genotypes. aSufentanil consumption is lower for patients with AA than 
AG carriers (Bonferroni post hoc test: P = 0.038). bMechanical pain threshold is lower for patients with AA than GG carriers (Bonferroni post hoc test: 
P = 0.034). 
Abbreviations: BMI, Body mass index; ASA, American Society of Anesthesiologists; NRS, Numerical Rating Scale; TNM, Tumor, Node and Metastasis.

Figure 3 The pain thresholds in genotypes of rs3745367 before surgery. (A) The heat pain threshold was not significantly different among the AA, AG and GG genotypes. 
(B) The cold pain threshold was not significantly different among the AA, AG and GG genotypes. (C) The mechanical pain threshold was significantly different among the 
three genotypes. *One-way ANOVA, P< 0.05. 
Abbreviation: n.s, no significance.
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activated via hierarchical coding; however, most cold-sensitive neurons are activated via ungraded coding.32 Our results 
may be due to the fact that the encoding patterns of mechanical, hot and cold stimuli are not similar.

We also found that younger age, male sex and low educational level were risk factors for a high mechanical pain 
threshold. A meta-analysis showed that the mechanical pain threshold was lower for old patients than younger patients.33 

A previous study reported that compared with men, women generally have a lower pain threshold for mechanical 
stimulation.34 Our results are consistent with these previous discoveries. Zhang et al indicated that a lower mechanical 
pain threshold was found among men with a higher level of education.35 In the previous study, we also found that the low 
education level was associated with a higher mechanical pain threshold in gastric cancer patients,36 which is consistent 
with this study. Zajacova et al indicated that educational disparities had an influence on pain perception in a large annual 
cross-sectional survey.37 They also suggest that the educational attainment may influence pain through a combination of 
socioeconomic, health-behavioral, social, and medical factors.37 Since the mechanical-induced nociceptor correlate with 
pain perception, the social and medical factors resources may contribute to this result, which still need to deeply study.

Figure 4 The consumption of postoperative sufentanil in genotypes of rs3745367. *One-way ANOVA, P< 0.05.

Table 2 Multivariate Linear Regression of Risk Factors for the Mechanical Pain Threshold

Variables B 95% CI P value

Age (years) −0.019 −0.035- −0.003 0.022

male 0.469 −0.079–1.016 0.093

Educational level (years) −0.047 −0.088- −0.006 0.025
AA vs GG 0.684 0.084–1.283 0.026

AG vs GG 0.193 −0.161–0.546 0.282

Abbreviations: BMI, Body mass index; 95% CI, 95% confidence interval.

Table 3 Multivariate Linear Regression of Risk Factors for Sufentanil Usage in the 
First Postoperative 24 h

Variables B 95% CI P value

Age (years) −0.009 −0.017–0.000 0.045

BMI (kg/m2) −0.038 −0.068- −0.008 0.015

AA vs AG −0.313 −0.644–0.018 0.064
GG vs AG −0.143 −0.338–0.053 0.151

Abbreviations: BMI, Body mass index; 95% CI, 95% confidence interval.
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Based on prior research, the rs3745367 polymorphism of resistin was associated with postoperative acute pain.26,28 

Hozumi et al showed that the NRS mean value of patients with AA genotypes was 2.3 and that AG carriers had the 
highest NRS score (4.2) at the 24 h postoperative time point using a 5-point Likert scale for open laparotomy for 
colorectal cancer.26 Another study enrolled 142 patients and revealed that AA carriers of rs3745367 tolerated more 
postoperative pain at 24 h and 48 h among Chinese patients undergoing spinal correction and fusion.28 In our study, we 
carried out the suitable preoperative analgesic preaching and administered a sufficient analgesic dosage after surgery to 
relieve acute pain in patients. The NRS score of most patients (92.6%) was less than or equal to 3 using a 10-point scale 
by PCIA, which indicated that the patients received a suitable analgesic dose. Therefore, there was no significant 
difference in NRS at 24 h postoperatively.

In this study, the postoperative analgesic dosage (sufentanil of the PCIA pump and morphine) was recorded, which could 
indirectly reflect the postoperative pain intensity. We found that AA carriers of rs3745367 consumed the minimum amount of 
sufentanil in the first postoperative 24 h compared with other genotypes, suggesting that AA carriers may experience less 
acute pain. Although the study of Hozumi et al showed that the total daily dosages of opioid analgesics, including 
intraoperative fentanyl and postoperative opioids, were not significantly different among three genotypes of rs3745367, 
patients with AA genotypes showed lower pain sensitivity, which was consistent with the study of Xie et al.26 Similarly, our 
study also demonstrated that AA carriers have a lower pain sensitivity than AG and GG carriers of rs3745367.

Our study indicated that age and BMI were negatively associated with sufentanil usage doses in the first postoperative 
24 h. Frances Chung et al reported that type of surgery, age and BMI were related to analgesic consumption; among these 
factors, type of surgery and age were the stronger predictors for analgesic consumption.7 We did not discover an 
association between type of surgery and analgesic consumption in this study, which may be due to the difference in 
surgical types and the limited number of participants involved in our study. However, we confirmed that age and BMI 
were related to analgesic consumption.

This study found that AA carriers of rs3745367 have a high mechanical pain threshold and low pain sensitivity and 
that the mechanism is probably due to the resistin function in the progression of inflammatory regulation. It was reported 
that rs3745367 of resistin is associated with circulating resistin levels.38 Changes in the resistin content may influence 
pain sensitivity. As a hormone, resistin can stimulate target cells to produce inflammatory cytokines through nuclear 
factor-κB-mediated signaling pathways.39–41 These proinflammatory cytokines play a vital role in the induction and 
maintenance of pain by facilitating central sensitization and hyperalgesia.42 In conclusion, it is speculated that resistin 
may participate in nociceptive pain signaling and alter the sensitivity to opioid analgesics.

One limitation of this study is that mechanical pain threshold or sufentanil consumption is influenced by numerous 
confounding factors, making R2 of MLR model analyzed in our study smaller, thus further studies should include more 
factors. In addition, our study is limited to gastric cancer patients who underwent radical surgery, which might prevent its 
generalization. A study with larger-scale participants or with other types of cancers is needed to confirm its generalizability.

Conclusion
In this study, the rs3745367 polymorphism of resistin was associated with the preoperative mechanical pain threshold and 
postoperative opioid consumption in gastric cancer patients with radical surgery. Patients with AA genotypes of 
rs3745367 showed a higher mechanical pain threshold and less postoperative sufentanil consumption. Identified gene 
polymorphism of resistin before surgery may help anesthesiologists develop better analgesic plans to improve the 
personalized treatment of gastric cancer patients after surgery.

Abbreviations
NRS, numerical rating scale; ASA, American Society of Anesthesiologists; PCIA, patient-controlled intravenous 
analgesia.
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