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Abstract
BACKGROUND 
Our previous study found that the telomerase-associated protein 1 (TEP1, 
rs938886 and rs1713449) and homo sapiens RecQ like helicase 5 (RECQL5, 
rs820196) single nucleotide polymorphisms (SNPs) were associated with changes 
in heart rate (HR) ≥ 30% during peritoneal lavage with distilled water after 
gastrectomy. This study established a single tube method for detecting these three 
SNPs using two-dimensional (2D) polymerase chain reaction (PCR), and invest-
igated whether SNP-SNP and SNP-environment interactions increase the risk of 
high HR variability (HRV).

AIM 
To investigate whether genotypes, genetic patterns, SNP-SNP and SNP-envi-
ronment interactions were associated with HRV.

METHODS 
2D PCR was used to establish a single-tube method to detect TEP1 rs938886 and 
rs1713449 and RECQL5 rs820196, and the results were compared with those of 
sanger sequencing. After adjusting for confounders such as age, sex, smoking, 
hypertension, and thyroid dysfunction, a nonconditional logistic regression model 
was used to assess the associations between the genotypes and the genetic 
patterns (codominant, dominant, overdominant, recessive, and additive) of the 
three SNPs and a risk ≥ 15% or ≥ 30% of a sudden drop in HR during post-
operative peritoneal lavage in patients with gastric cancer. Gene-gene and gene-
environment interactions were analyzed using generalized multifactor dimen-
sionality reduction.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v15.i10.2154
mailto:shineroar@163.com
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RESULTS 
The coincidence rate between the 2D PCR and sequencing was 100%. When the HRV cutoff value was 15%, the 
patients with the RECQL5 (rs820196) TC genotype had a higher risk of high HRV than those who had the TT 
genotype (odds ratio = 1.97; 95%CI: 1.05-3.70; P = 0.045). Under the codominant and overdominant models, the TC 
genotype of RECQL5 (rs820196) was associated with a higher risk of HR decrease relative to the TT and TT + CC 
genotypes (P = 0.031 and 0.016, respectively). When the HRV cutoff value was 30%, patients carrying the GC-TC 
genotypes of rs938886 and rs820196 showed a higher HRV risk when compared with the GG–TT genotype carriers 
(P = 0.01). In the three-factor model of rs938886, rs820196, and rs1713449, patients carrying the GC-TC-CT genotype 
had a higher risk of HRV compared with the wild-type GG-TT-CC carriers (P = 0.01). For rs820196, nonsmokers 
with the TC genotype had a higher HRV risk compared with nonsmokers carrying the TT genotype (P = 0.04). 
When the HRV cutoff value was 15%, patients carrying the TT-TT and the TC-CT genotypes of rs820196 and 
rs1713449 showed a higher HRV risk when compared with TT-CC genotype carriers (P = 0.04 and 0.01, respe-
ctively). Patients carrying the GC-CT-TC genotypes of rs938886, rs1713449, and rs820196 showed a higher HRV risk 
compared with GG-CC-TT genotype carriers (P = 0.02). When the HRV cutoff value was 15%, the best-fitting 
models for the interactions between the SNPs and the environment were the rs820196-smoking (P = 0.022) and 
rs820196-hypertension (P = 0.043) models. Consistent with the results of the previous grouping, for rs820196, the 
TC genotype nonsmokers had a higher HRV risk compared with nonsmokers carrying the TT genotype (P = 0.01).

CONCLUSION 
The polymorphism of the RECQL5 and TEP1 genes were associated with HRV during peritoneal lavage with 
distilled water after gastrectomy.

Key Words: Homo sapiens RecQ like helicase 5; Telomerase-associated protein 1; Polymorphism; Peritoneal lavage; Heart rate 
variability; Two-dimensional polymerase chain reaction

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our previous study found that peritoneal lavage with distilled water may cause a sudden decrease in heart rate 
(HR) in some patients during clinical gastrectomy, which was related to telomerase-associated protein 1 and homo sapiens 
RecQ like helicase 5 gene polymorphisms. Here, instead of Sanger sequencing, we developed a single-tube method using 
two-dimensional polymerase chain reaction to genotyping single nucleotide polymorphisms (SNPs) quickly and econom-
ically. We also investigated whether genotypes, genetic patterns and the interaction effects of SNP-SNP and SNP-
environment were associated with a risk of high HR variability. This study helps clinicians to better assess the perioperative 
risk of patients undergoing gastrectomy.

Citation: Yao S, Yuan Y, Zhang J, Yu Y, Luo GH. Gene polymorphisms associated with sudden decreases in heart rate during 
extensive peritoneal lavage with distilled water after gastrectomy. World J Gastrointest Surg 2023; 15(10): 2154-2170
URL: https://www.wjgnet.com/1948-9366/full/v15/i10/2154.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i10.2154

INTRODUCTION
Gastric cancer currently ranks fifth in incidence and fourth in mortality worldwide[1]. Peritoneal metastasis is the most 
frequent pattern of postoperative recurrence in patients with gastric cancer. In order to reduce abdominal metastasis and 
planting caused by surgery, distilled water or normal saline are normally used to wash the peritoneum after radical distal 
gastrectomy. The Chinese SEIPLUS trial reported that, for extensive intraoperative peritoneal lavage (EIPL), a new 
prophylactic strategy for the prevention of the peritoneal metastasis of locally advanced gastric cancer, the short-term 
postoperative complication rate following surgery alone (17%) was significantly higher than that following combined 
surgery and multiple warm physiological saline lavages (11.1%)[2]. However, they found that addition of EIPL with 
saline did not improve the 3-year survival rate of advanced gastric cancer patients compared with surgery alone[3]. A 
latest randomized study evaluated the efficacy and long-term outcome of advanced gastric cancer patients with EIPL[4]. 
It was found that EIPL can reduce the possibility of perioperative complications including ileus and abdominal abscess. 
The overall survival curve and recurrence-free survival curve were better in the EIPL group. A multicenter study found 
that EIPL with saline after surgery did not provide a survival benefit compared with surgery alone and should not be 
recommended for patients undergoing curative gastrectomy for gastric cancer[5]. Distilled water can induce osmotic lysis 
in cancer cells. Takemoto et al[6] demonstrated the cytocidal effects of distilled-water-induced hypotonic shock on 
colorectal cancer cells, which supported the use of peritoneal lavage with distilled water to remove and kill colorectal 
cells during surgery. Recently, a randomized trial was performed to assess the survival impact of extensive peritoneal 
lavage using distilled water or saline at high volumes after pancreatic resection for pancreatic ductal adenocarcinoma, 

https://www.wjgnet.com/1948-9366/full/v15/i10/2154.htm
https://dx.doi.org/10.4240/wjgs.v15.i10.2154
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which suggested that lavage with distilled water or saline could become standard practice during surgery for pancreatic 
cancer if it proves to be beneficial to the long-term prognosis of the patient[7].

Our previous study found that peritoneal lavage with distilled water may have caused a sudden decrease in heart rate 
in some patients during clinical gastrectomy. To investigate whether gene polymorphisms are associated with high heart 
rate variability (HRV), we genotyped 194 patients who underwent distal gastrectomy and identified three single 
nucleotide polymorphisms (SNPs) (TEP1 rs938886 and rs1713449 and RECQL5 rs820196) associated with a risk of high 
HRV using whole-exome sequencing[8]. In this study, two-dimensional (2D) polymerase chain reaction (PCR) was used 
to establish a single-tube method to detect these three SNPs in 192 patients (two were excluded due to incomplete clinical 
data). Single-gene analysis may not be appropriate for the further study of complex traits because the main effect of a 
single locus may be too limited for observation. Therefore, SNP-SNP and SNP-environment interactions among the three 
variants from the two selected genes were tested using a generalized multifactor dimensionality reduction (GMDR) 
approach.

MATERIALS AND METHODS
Study Population
A total of 192 patients (137 males and 55 females) scheduled to undergo distal gastrectomy were enrolled. Patients were 
diagnosed according to clinical and pathological data, and those with a history of other cancers or arrhythmia were 
excluded. Participant demographic data (age, sex, hypertension, diabetes, thyroid dysfunction, and smoking status) were 
collected using a standard clinical information questionnaire. Evaluation of the genomic differences of these gastric 
cancer patients was conducted in a previous study[8]. Patients were divided into two groups according to the changes in 
HR (using 30% and 15% as cutoffs). Change in HR = (ultimate HR before lavage-HR after lavage)/HR before lavage × 
100%. This study received ethical approval from the institutional review board of the Third Affiliated Hospital of 
Soochow University and was conducted in accordance with the Helsinki Declaration on human medical research.

DNA Extraction and SNP Genotyping
Standard techniques were adopted for the collection of venous blood samples from the participants. Whole blood was 
stored at -80 ℃ for subsequent SNP analysis. Genomic DNA was extracted using the TIANamp Blood DNA Kit (Tiangen 
Biotech, Beijing, China). According to the principles of 2D PCR and amplification-refractory mutation system PCR, the 
mutation sites of the TEP1 (rs1713449), TEP1 (rs938886), and RECQL5 (rs820196) genes were designed at the 3' ends of the 
specific forward primers. The respective specific reverse primers were designed according to the DNA sequence using the 
PrimerPremier5.0 software, wherein the primer for TEP1 (rs1713449) was designed according to the reverse comple-
mentary strand. Three fluorescein amidite tags and three hexachloro-fluorescein tags were used to label the wild-type 
and mutant forward primers (respectively) of TEP1 (rs1713449), TEP1 (rs938886), and RECQL5 (rs820196). The sequences 
of the primers and probes are listed in Supplementary Table 1, which were synthesized by Sangon Biotech (Shanghai, 
China). The optimized 2D multiplex PCR system included 2 μL genomic DNA, 2.5 μL 10 × Immobuffer (Bioline, London, 
United Kingdom), 0.75 μL 25 mmol/L MgCl2 (Bioline), 0.7 μL 10 mmol/L dNTPs (Takara Bio, Shiga, Japan), 0.5 μL 5 U/
μL IMMOLASE DNA polymerase (Bioline), 0.4 μL each probe (10 μM), 0.1 μL each forward primer (10 μM; 0.2 μL for 
TEP1 rs938886), 0.6 μL reverse primer (10 μM), and deionized water, to make a total volume of 25 μL. The PCRs were 
carried out with the following thermal cycling conditions: Initial denaturation of DNA at 95 ℃ for 10 min; amplification 
for five cycles at 95 ℃ for 20 s and 60 ℃ for 15 s; and 35 cycles at 95 ℃ for 20 s, 72 ℃ for 1 s, and 60 ℃ for 15 s. The 
fluorescence acquisition commenced with heating at 95 ℃ for 15 s and 30 ℃ for 4 min; the temperature was gradually 
increased from 30 ℃ to 70 ℃ with a ramp rate of 0.1 ℃/s, and the fluorescence signal was acquired continuously. The 
final step was cooling at 40 ℃ for 30 s. The results of 2D PCR were compared with sanger sequencing.

Statistical analysis
Statistical analyses were performed using SAS version 9.4 (Cary, NC, United States), and the nominal P value ≤ 0.05 was 
considered the significance threshold. Normally and non-normally distributed continuous variables were compared 
using student’s t test and Mann–Whitney U test, respectively, and the variables were expressed as mean ± SD. The 
genotype and allelic frequency distributions of polymorphisms between two groups were compared using the χ2 test and 
the Hardy–Weinberg equilibrium. Associations between polymorphisms and HR change were assessed by calculating 
odds ratios (ORs) with 95%CIs using logistic regression analysis adjusted for age, sex, hypertension, thyroid dysfunction, 
and smoking status. The pairwise linkage disequilibrium (LD) and frequency of haplotypes were calculated with 
Haploview 4.2. GMDR was used to analyze the SNP-SNP and SNP-environment interactions. P < 0.05 was considered 
statistically significant.

RESULTS
Baseline characteristics
We recruited 192 patients with gastric cancer. The basic characteristics are presented in Tables 1 and 2. The HRV cutoff 
values used were 30% and 15%. There were no significant differences in the baseline demography, smoking status, 
hypertension, diabetes, and thyroid dysfunction between the two groups (P > 0.05).

https://f6publishing.blob.core.windows.net/f4046835-499a-42b1-a296-88bffe95972f/WJGS-15-2154-supplementary-material.pdf
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Table 1 Baseline and clinical parameters of patients with ≥ 30% vs < 30% heart rate variability, n (%)

Variable HRV ≥ 30% HRV < 30% χ2 P value

Sex 1.828 0.18

Female 9 (16.36) 46 (83.64)

Male 13 (9.49) 124 (90.51)

Age (yr) 0.098 0.75

< 60 5 (14.29) 30 (85.71)

≥ 60 17 (10.83) 140 (89.17)

Smoking status 0.592 0.44

No 20 (12.58) 139 (87.42)

Yes 2 (6.06) 31 (93.94)

Hypertension 0.213 0.64

No 13 (10.66) 109 (89.34)

Yes 9 (12.86) 61 (87.14)

Diabetes 0.299 0.58

No 19 (10.80) 157 (89.20)

Yes 3 (18.75) 13 (81.25)

Blood type 0.964 0.81

A 9 (12.33) 64 (87.67)

AB 1 (5.00) 19 (95.00)

B 5 (11.36) 39 (88.64)

O 7 (12.73) 49 (87.27)

Thyroid function 0.005 0.95

Normal 20 (11.70) 151 (88.30)

Abnormal 2 (9.52) 19 (90.48)

All P values are more than 0.05. HRV: Heart rate variability.

Genotyping by 2D PCR
Figure 1 shows the melting curves of six alleles of the three genes detected by 2D PCR. Six melting valleys were clearly 
identified (Figure 1A) and six different alleles were intuitively typed. The genotypes of TEP1 (rs1713449), TEP1 
(rs938886), and RECQL5 (rs820196) in 190 gastric cancer patients investigated by 2D PCR were completely consistent with 
those determined by sanger sequencing (the remaining two cases were not validated because of sample loss, Figure 1).

Genotypes and allele dissemination of SNPs
Genotypes and allele frequencies of TEP1 (rs938886), TEP1 (rs1713449) and RECQL5 (rs820196) in patients with a 30% or 
15% decrease in HR as the cutoff points were compared. When the patients were grouped according to the 30% decrease 
in HR cutoff, there were no significant differences in the distribution of heterozygous and homozygous mutant and wild-
type genotypes (Table 3, P > 0.05). However, when the patients were grouped using the 15% decrease in HR cutoff, the 
distribution of the RECQL5 (rs820196) genotype frequencies was significantly different between the two groups. For 
RECQL5 (rs820196), compared with individuals with the TT genotype, patients with the TC genotype had a significantly 
increased risk of adverse HR decline, with an OR of 1.97 (95%CI: 1.05-3.70), which implies that RECQL5 (rs820196) was 
associated with HRV in the allelic models (Table 4, P < 0.05).

Associations between SNPs and HRV risk under different inheritance model
We next applied five genetic models (codominant, dominant, overdominant, recessive, and additive) to further analyze 
the relationships between the three SNPs and HRV. No significant differences were found between the patients in the 
HRV ≥ 30% group and the control group for the studied SNPs in all the genetic models (P > 0.05, Table 5). However, 
when the patients were grouped according to the 15% HRV cutoff, RECQL5 (rs820196) was associated with a higher risk 
of HR change in the codominant and overdominant models. In the codominant model, the TC genotype was associated 
with a higher risk relative to the TT genotype (OR = 2.0; 95%CI: 1.06-3.76; P = 0.031). In the overdominant model, the TC 
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Table 2 Baseline and clinical parameters of patients with ≥ 15% vs < 15% heart rate variability, n (%)

Variable HRV ≥ 15% HRV < 15% χ2 P value

Sex 0.015 0.90

Female 21 (38.18) 34 (61.82)

Male 51 (37.23) 86 (62.77)

Age (yr) 1.232 0.27

< 60 16 (45.71) 19 (54.29)

≥ 60 56 (35.67) 101 (64.33)

Smoking status 0.412 0.52

No 58 (36.48) 101 (63.52)

Yes 14 (42.42) 19 (57.58)

Hypertension 0.006 0.94

No 46 (37.70) 76 (62.30)

Yes 26 (37.14) 44 (62.86)

Diabetes 2.618 0.11

No 63 (35.80) 113 (64.20)

Yes 9 (56.25) 7 (43.75)

Blood type 1.803 0.61

A 27 (36.99) 46 (63.01)

AB 5 (25.00) 15 (75.00)

B 17 (38.64) 27 (61.36)

O 23 (41.82) 32 (58.18)

Thyroid function 0.289 0.59

Normal 63 (36.84) 108 (63.16)

Abnormal 9 (42.86) 12 (57.14)

All P values are more than 0.05. HRV: Heart rate variability.

Figure 1 Genotypes of telomerase-associated protein 1 (TEP1) (rs1713449), TEP1 (rs938886), and recQ like helicase 5 (RECQL5) 
(rs820196) identified by two-dimensional polymerase chain reaction in a single tube. Subtype color indicates the type of reporter dye: Blue-
fluorescein amidite; green-hexachloro-fluorescein. A: All three mutations identified were heterozygous; B: TEP1 (rs1713449) and TEP1 (rs938886) were homozygous 
for the TT and CC genotypes, respectively, and RECQL5 (rs820196) was heterozygous for the TC genotype. TEP1: Telomerase-associated protein 1; RECQL5: 
RecQ like helicase 5.
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Table 3 Comparison of genotype and allele dissemination of single nucleotide polymorphisms in patients with ≥ 30% vs < 30% heart 
rate variability, n (%)

SNP HRV ≥ 30% HRV < 30% χ2 P value OR (95%CI)

TEP1 (rs938886) 1.30 0.52

GG 9 (10.00) 81 (90.00) 1.00 (Reference)

GC 12 (14.12) 73 (85.88) 1.63 (0.63, 4.20)

CC 1 (5.88) 16 (94.12) 0.72 (0.081, 6.39)

0.016 0.90

G 30 (11.32) 235 (88.68) 1.00 (Reference)

C 14 (11.76) 105 (88.24) 1.16 (0.58, 2.31)

TEP1 (rs1713449) 1.54 0.46

CC 9 (10.11) 80 (89.89) 1.00 (Reference)

CT 12 (14.29) 72 (85.71) 1.63 (0.63, 4.21)

TT 1 (5.26) 18 (94.74) 0.62 (0.071, 5.43)

0.0001 0.99

C 30 (11.45) 232 (88.55) 1.00 (Reference)

T 14 (11.48) 108 (88.52) 1.11 (0.56, 2.22)

RECQL5 (rs820196) 3.93 0.14

TT 7 (8.05) 80 (91.95) 1.00 (Reference)

TC 14 (16.47) 71 (83.53) 2.39 (0.90, 6.33)

CC 1 (5.00) 19 (95.00) 0.65 (0.073, 5.72)

0.33 0.57

T 28 (10.81) 231 (89.19) 1.00 (Reference)

C 16 (12.80) 109 (87.20) 1.27 (0.66, 2.47)

All P values are more than 0.05. Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. Two covariates with 
missing values were dropped. SNP: Single nucleotide polymorphisms; TEP1: Telomerase-associated protein 1; HRV: Heart rate variability; OR: Odds ratio; 
CI: Confidence interval; RECQL5: RecQ like helicase 5.

genotype was associated with a higher risk relative to the TT and CC genotypes (OR = 2.10; 95%CI: 1.15-3.84; P = 0.016, 
Table 6).

LD and haplotype analysis
The results of the pairwise LD analysis of the two TEP1 SNPs are presented in Figure 2. We detected a haplotype block 
with a strong LD between the rs938886 and rs1713449 SNPs. The D value was 1, indicating that these two SNPs tend to be 
co-inherited. The haplotype analysis indicated that, regardless of whether the patients were grouped according to the 
30% or 15% HRV cutoff, the rs938886-C/rs1713449-T and rs938886-G/rs1713449-T haplotypes were not associated with 
HRV risk (Tables 7 and 8, P > 0.05).

SNP–SNP and SNP-environment interaction analysis
The GMDR approach was used to evaluate the effect of SNP-SNP interactions among the three TEP1 and RECQL5 SNPs. 
The results obtained from the GMDR analysis of the one-to three-locus models in the patients with HRV ≥ 30% are 
summarized in Table 9. The one-locus model of RECQL5 rs820196 was the best model of SNP-SNP interaction, recording 
the highest cross-validation consistency (CVC) of 10/10 and a testing accuracy of 0.6127 (P value based on 1000 
permutations, P = 0.032).

In order to obtain an OR with a 95%CI for the joint effects of SNP-SNP interactions on HRV, we also conducted 
interaction analyses of the GMDR models using logistic regression. After adjusting for the factors of age, gender, 
smoking, hypertension, and thyroid function by multivariate logistic regression analysis, the combination of the rs93886 
and rs820196 SNPs (GC-TC) was correlated with a higher risk of decreased HR ≥ 30% (Figure 3A). One-to three-locus 
models in the patients with decreased HR ≥15% are showed in Figure 3B. Table 10 describes the results generated from 
the GMDR method for the two-way and three-way gene-gene interaction analyses using covariate adjustment. Compared 
with the wild-type, individuals with the GC-TC (rs93886 and rs820196, respectively) genotype and the GC-TC-CT 
(rs93886, rs820196, and rs1713449, respectively) genotype showed a significantly increased HRV risk (OR = 6.16 and 6.27 
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Table 4 Comparison of genotype and allele frequencies of single nucleotide polymorphisms in patients with ≥ 15% vs < 15% heart rate 
variability, n (%)

SNP HRV ≥ 15% HRV < 15% χ2 P value OR (95%CI)

TEP1 (rs938886) 1.56 0.46

GG 30 (33.33) 60 (66.67) 1.00 (Reference)

GC 34 (40.00) 51 (60.00) 1.34 (0.72, 2.52)

CC 8 (47.06) 9 (52.94) 1.74 (0.59, 5.15)

1.50 0.22

G 94 (35.47) 171 (64.53) 1.00 (Reference)

C 50 (42.02) 69 (57.98) 1.30 (0.83, 2.04)

TEP1 (rs1713449) 2.02 0.36

CC 29 (32.58) 60 (67.42) 1.00 (Reference)

CT 34 (40.48) 50 (59.52) 1.42 (0.75, 2.67)

TT 9 (47.37) 10 (52.63) 1.85 (0.66, 5.21)

2.00 0.16

C 92 (35.11) 170 (64.89) 1.00 (Reference)

T 52 (42.62) 70 (57.38) 1.36 (0.87, 2.13)

RECQL5 (rs820196) 6.20 0.045

TT 27 (31.03) 60 (68.97) 1.00 (Reference)

TC 40 (47.06) 45 (52.94) 1.97 (1.05, 3.70)a

CC 5 (25.00) 15 (75.00) 0.69 (0.22, 2.13)

0.49 0.48

T 94 (36.29) 165 (63.71) 1.00 (Reference)

C 50 (40.00) 75 (60.00) 1.15 (0.74, 1.78)

aP < 0.05 vs TT.
Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. Two covariates with missing values were dropped. 
SNP: Single nucleotide polymorphism; TEP1: Telomerase-associated protein 1; HRV: Heart rate variability; OR: Odds ratio; CI: Confidence interval; 
RECQL5: RecQ like helicase 5.

with P = 0.01).
Table 11 describes the results generated with the GMDR method for the SNP-environment interaction analysis using 

covariate adjustment. The rs820196-smoking two-factor model was found to exhibit a statistically significant association 
with HRV ≥ 30% (P = 0.045) (Figure 4).

After adjusting for age, gender, hypertension, and thyroid function, logistics regression showed that the nonsmokers 
with the rs820196 TC genotype had a significantly higher risk of HRV than the nonsmokers with the TT genotype (P = 
0.04, Table 12).

The results obtained from the GMDR analysis of the one-to three-locus models in the patients with HRV ≥ 15% are 
summarized in Table 13. The one-locus model of RECQL5 rs820196 was the best model of SNP-SNP interaction, recording 
the highest CVC of 10/10 and a testing accuracy of 0.5920 (P = 0.039).

Table 14 summarizes the results obtained from the GMDR analysis for the two- to three-loci models of gene–gene 
interactions. Compared with the TT-CC (rs820196-rs1713449) genotype, the TT-TT and TC-CT genotypes were associated 
with a higher risk of HRV ≥ 15% (P = 0.04 and 0.01, respectively). Compared with the GG-CC-TT (rs938886-rs1713449-
rs820196) genotype, the GC-CT-TC genotype showed a significantly increased HRV risk (P = 0.02).

Table 15 and Figure 5 describe the results generated with the GMDR method for the SNP-environment interaction 
analysis using covariate adjustment. The rs820196-smoking and rs820196-hypertension two-factor models were found to 
exhibit a statistically significant association with HRV ≥ 15% (P < 0.05).

After adjusting for age, gender, and thyroid function, logistics regression showed that the nonsmokers with the 
rs820196 TC genotype had a significantly higher risk of HRV ≥ 15% than the nonsmokers with the TT genotype (P = 0.01, 
Table 16).
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Table 5 Association of telomerase-associated protein 1 and RecQ like helicase 5 polymorphisms with heart rate variability ≥ 30% under 
different inheritance models

TEP1 (rs938886) TEP1 (rs1713449) RECQL5 (rs820196)
Inheritance model

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Codominant

Aa vs AA 1.67 (0.64, 4.31) 0.293 1.67 (0.65, 4.34) 0.289 2.35 (0.88, 6.24) 0.087

aa vs AA 0.62 (0.068, 5.70) 0.675 0.54 (0.060, 4.84) 0.582 0.58 (0.065, 5.21) 0.628

Dominant (Aa + aa vs AA) 1.49 (0.59, 3.76) 0.403 1.46 (0.58, 3.68) 0.429 2.02 (0.78, 5.25) 0.151

Overdominant (Aa vs AA + 
aa)

1.69 (0.68, 4.24) 0.261 1.74 (0.69, 4.35) 0.238 2.54 (0.99, 6.49) 0.051

Recessive (aa vs Aa + AA) 0.56 (0.067, 4.64) 0.590 0.48 (0.059, 3.92) 0.494 0.41 (0.050, 3.27) 0.396

Additive (AA vs Aa vs aa) 1.18 (0.57, 2.42) 0.657 1.12 (0.55, 2.27) 0.752 1.28 (0.65, 2.51) 0.472

All P values are more than 0.05. Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. A: Major allele; a: 
Minor allele; TEP1: Telomerase-associated protein 1; OR: Odds ratio; CI: Confidence interval; RECQL5: RecQ like helicase 5.

Table 6 Association of telomerase-associated protein 1 and RecQ like helicase 5 polymorphisms with heart rate variability ≥ 15% under 
different inheritance models

TEP1 (rs938886) TEP1 (rs1713449) RECQL5 (rs820196)
Inheritance model

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Codominant

Aa vs AA 1.36 (0.72, 2.55) 0.341 1.43 (0.76, 2.69) 0.271 2.00 (1.06, 3.76) 0.031a

aa vs AA 1.31 (0.75, 2.29) 0.345 1.34 (0.79, 2.28) 0.279 0.82 (0.46, 1.45) 0.492

Dominant (Aa + aa vs AA) 1.40 (0.77, 2.56) 0.273 1.49 (0.81, 2.72) 0.196 1.64 (0.90, 2.98) 0.109

Overdominant (Aa vs AA + aa) 1.23 (0.67, 2.23) 0.506 1.27 (0.70, 2.31) 0.441 2.10 (1.15, 3.84) 0.016b

Recessive (aa vs Aa + AA) 1.50 (0.53, 4.25) 0.442 1.56 (0.58, 4.16) 0.378 0.50 (0.17, 1.46) 0.202

Additive (AA vs Aa vs aa) 1.33 (0.83, 2.12) 0.233 1.38 (0.88, 2.18) 0.166 1.15 (0.74, 1.80) 0.537

aP < 0.05 vs TT.
bP < 0.05 vs TT + CC.
Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. A: Major allele; a: Minor allele; TEP1: Telomerase-
associated protein 1; OR: Odds ratio; CI: Confidence interval; RECQL5: RecQ like helicase 5.

DISCUSSION
RECQL5 protein is involved in the regulation of transcription elongation, the DNA damage response and DNA 
replication[9,10]. Mutations in RECQ helicases are associated with the genetic disorders bloom syndrome, werner 
syndrome, and Rothmund-Thomson syndrome, which are characterized by chromosomal instability, premature aging, 
and a predisposition to cancer[11-13]. RECQL5-knockout mice are more likely to develop cancer, and human cells 
deficient in RECQL5 display chromosomal instability and elevated sister chromatid exchange events, similar to cells 
deficient in any of the other RECQ helicases[14]. According to a recent study, RECQL5 promotes metastasis and resistance 
to cisplatin in non-small cell lung cancer[15]. A large case-control study suggests that RECQL5 is a new moderate-risk 
breast cancer gene[16]. RECQL5 protein overexpression in breast cancer is strongly correlated with poor prognosis and 
survival, and with therapeutic resistance. A small molecule targeting RECQL5 was able to preferentially kill RECQL5-
expressing breast cancers and led to the efficient sensitization of cisplatin-resistant breast cancers[17]. Philip et al[18] 
identified RECQL5 as a novel pharmacological target for expanding Poly (ADPRibose) Polymerase inhibitor based 
treatment horizon for homologous recombination-proficient cancers. Low RECQL5 expression indicates poor prognosis in 
gastric carcinoma and is an independent prognostic factor[19]. To date, no study has shown that RECQL5 is associated 
with arrhythmias, although a variant in chromodomain helicase DNA-binding protein 4 associated with childhood 
idiopathic epilepsy with sinus arrhythmia has been reported[20]. Given the cardinal role of the RECQL5 protein in 
genome stability[21], one might speculate that DNA disrepair caused by RECQL5 mutations is the probable cause of 
myocardial apoptosis and arrhythmia. Further investigations are required to determine the risk of sudden cardiogenic 
arrhythmia caused by RECQL5 mutations.
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Figure 2 Haplotype block map for candidate single nucleotide polymorphisms in the telomerase-associated protein 1 gene. Two single 
nucleotide polymorphisms in the haplotype map (rs938886 and rs1713449) were in significant linkage disequilibrium (LD). A standard color frame was used to 
illustrate the LD pattern.

Figure 3 Single nucleotide polymorphism-single nucleotide polymorphism interaction of three loci. A: heart rate variability (HRV) cutoff value = 
30%; B: HRV cutoff value = 15%. For each multifactor cell, the score of patients with HRV ≥ 30% or 15% is displayed on the left bar and the score of patients with 
HRV < 30% or 15% is displayed on the right bar. The high-risk interaction genotype was assigned as 1 and the low-risk interaction genotype was assigned as 0 in the 
multivariable logistic regression analyses. Dark gray cells indicate high-risk combinations, and light gray cells indicate low-risk combinations.
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Table 7 Association of telomerase-associated protein 1 haplotypes with heart rate variability risk using a 30% heart rate variability 
cutoff

TEP1 (rs938886) TEP1 (rs1713449) Frequency HRV ≥ 30%  
(n = 22)

HRV < 30%  
(n = 170) OR (95%CI) P value

G C 0.682 30 (11.45) 232 (88.55) 1.00 (Reference) -

C T 0.310 14 (11.76) 105 (88.24) 1.15 (0.58, 2.28) 0.70

G T 0.008 0 (00.00) 3 (100.00) - -

All P values are more than 0.05. Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. TEP1: Telomerase-
associated protein 1; HRV: Heart rate variability; OR: Odds ratio; CI: Confidence interval.

Table 8 Association of telomerase-associated protein 1 haplotypes with heart rate variability risk using a 15% heart rate variability 
cutoff

TEP1 (rs938886) TEP1 (rs1713449) Frequency HRV ≥ 15%  
(n = 72)

HRV < 15%  
(n = 120) OR (95%CI) P value

G C 0.682 92 (35.11) 170 (64.89) 1.00 (Reference) -

C T 0.310 50 (42.02) 69 (57.98) 1.33 (0.85-2.08) 0.22

G T 0.008 2 (66.67) 1 (33.33) 4.13 (0.37, 46.59) 0.25

All P values are more than 0.05. Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. TEP1: Telomerase-
associated protein 1; HRV: Heart rate variability; OR: Odds ratio; CI: Confidence interval.

Table 9 Best single nucleotide polymorphism-single nucleotide polymorphism interaction models identified by generalized multifactor 
dimensionality reduction with covariable adjustment (heart rate variability cutoff value = 30%)

Best model Training balanced accuracy Testing balanced accuracy Cross-validation consistency P value

rs820196 0.6116 0.6127 10/10 0.032a

rs938886, rs820196 0.6495 0.5782 10/10 0.151

rs938886, rs820196, rs1713449 0.6495 0.5753 10/10 0.168

aP < 0.05 means the one-locus model of RecQ like helicase 5 rs820196 is the best model for predicting heart rate variability risk.
Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function.

Table 10 Association analysis of the interaction between different genotypes of single nucleotide polymorphism loci and a risk of heart 
rate variability cutoff value ≥ 30%

SNP genotypes HRV ≥ 30% (n = 22) HRV < 30% (n = 170) OR (95%CI) P value

rs938886 rs820196

GG TT 3 (6.67) 42 (93.33) 1.00 (Reference) -

GG TC 5 (14.29) 30 (85.71) 2.91 (0.63, 13.55) 0.17

GG CC 1 (10.00) 9 (90.00) 2.19 (0.19, 25.37) 0.53

GC TT 3 (8.11) 34 (91.89) 1.65 (0.31, 8.74) 0.56

GC TC 9 (22.50) 31 (77.50) 6.16 (1.53, 24.83) 0.01a

CC TT 1 (20.00) 4 (80.00) 5.84 (0.46, 74.57) 0.17

Others 0 (0.00) 20 (100.00) - -

rs938886 rs820196 rs1713449

GG TT CC 3 (6.82) 41 (93.18) 1.00 (Reference) -
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GG TC CC 5 (14.29) 30 (85.71) 2.97 (0.64, 13.79) 0.17

GG CC CC 1 (10.00) 9 (90.00) 2.23 (0.19, 25.87) 0.52

GC TT CT 3 (8.33) 33 (91.67) 1.73 (0.33, 9.18) 0.52

GC TC CT 9 (22.50) 31 (77.50) 6.27 (1.56, 25.28) 0.01b

CC TT TT 1 (20.00) 4 (80.00) 5.94 (0.47, 75.98) 0.17

Others 0 (0.00) 22 (100.00) - -

aP < 0.05 vs GG-TT.
bP < 0.05 vs GG-TT-CC.
Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function. SNP: Single nucleotide polymorphism; HRV: Heart 
rate variability; OR: Odds ratio; CI: Confidence interval.

Table 11 Single nucleotide polymorphism-smoking, single nucleotide polymorphism -hypertension, and single nucleotide 
polymorphism-thyroid function interaction models in patients with heart rate variability ≥ 30% evaluated with the generalized 
multifactor dimensionality reduction approach

Best model Training balanced accuracy Testing balanced accuracy CVC P value

SNP-smoking interaction1

Smoking 0.5265 0.5135 10/10 0.263

rs820196-smoking 0.6281 0.6021 10/10 0.045a

rs938886-rs820196-smoking 0.6703 0.5947 8/10 0.099

SNP-hypertension interaction2

Hypertension 0.5292 0.3308 10/10 0.800

rs820196-hypertension 0.6117 0.5648 10/10 0.190

rs820196-rs1713449-hypertension 0.6996 0.5063 8/10 0.426

SNP-thyroid function interaction3

Thyroid function 0.5123 0.4980 10/10 0.194

rs820196-thyroid function 0.6263 0.5895 10/10 0.104

rs938886-rs820196-thyroid function 0.6665 0.5727 8/10 0.153

aP < 0.05 means rs820196-smoking two-factor model associated with HRV ≥ 30%.
1Adjusted for age, gender, hypertension, and thyroid function.
2Adjusted for age, gender, smoking, and thyroid function.
3Adjusted for age, gender, smoking, and hypertension.
SNP: Single nucleotide polymorphism; CVC: Cross-validation consistency.

Table 12 Analysis of interaction between rs820196 genotype and smoking in patients with heart rate variability ≥ 30% and < 30%

Smoking rs820196 genotype HRV ≥ 30% (n = 22) HRV < 30% (n = 170) OR (95%CI) P value

No TT 6 (7.89) 70 (92.11) 1.00 (Reference) -

Yes TT 1 (9.09) 10 (90.91) 1.47 (0.15, 14.27) 0.74

No TC 13 (19.70) 53 (80.30) 2.91 (1.03, 8.20) 0.04a

Yes TC 1 (5.26) 18 (94.74) 0.80 (0.088, 7.36) 0.85

No CC 1 (5.88) 16 (94.12) 0.81 (0.089, 7.35) 0.85

Other 0 (0.00) 3 (100.00) - -

aP < 0.05 vs nonsmokers with the rs820196 TT.
Logistic regression analyses adjusting for age, gender, hypertension, and thyroid function. HRV: Heart rate variability; OR: Odds ratio; CI: Confidence 
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interval.

Table 13 Best single nucleotide polymorphism-single nucleotide polymorphism interaction models identified by generalized multifactor 
dimensionality reduction with covariable adjustment (heart rate variability cutoff value = 15%)

Best model Training balanced accuracy Testing balanced accuracy CVC P value

rs820196 0.5885 0.5920 10/10 0.039a

rs820196, rs1713449 0.6301 0.5798 9/10 0.052

rs938886, rs820196, rs1713449 0.6335 0.5885 10/10 0.066

aP < 0.05 means the one-locus model of RecQ like helicase 5 rs820196 is the best model for predicting heart rate variability risk.
Adjusted for age, gender, hypertension, smoking, and thyroid function. CVC: Cross-validation consistency.

Table 14 Association analysis of interactions between different genotypes of single nucleotide polymorphism loci and risk of heart rate 
variability ≥ 15%

SNPs genotypes HRV ≥ 15% (n = 72) HRV < 15% (n = 120) OR (95%CI) P value

rs820196 rs1713449

TT CC 12 (27.27) 32 (72.73) 1.00 (Reference) -

TT CT 10 (27.78) 26 (72.22) 1.03 (0.38, 2.79) 0.95

TT TT 5 (71.43) 2 (28.57) 6.87(1.15, 41.09) 0.04a

TC CC 15 (42.86) 20 (57.14) 2.07 (0.79, 5.45) 0.14

TC CT 22 (55.00) 18 (45.00) 3.26 (1.30, 8.20) 0.01b

TC TT 3 (30.00) 7 (70.00) 1.06 (0.22, 5.06) 0.94

CC CC 2 (20.00) 8 (80.00) 0.56 (0.098, 3.21) 0.52

CC CT 2 (25.00) 6 (75.00) 0.87 (0.15, 5.11) 0.88

CC TT 1 (50.00) 1 (50.00) 2.90 (0.17, 50.84) 0.47

rs938886 rs1713449 rs820196

GG CC TT 12 (27.27) 32 (72.73) 1.00 (Reference)

GG CC TC 15 (42.86) 20 (57.14) 1.87 (0.74, 4.77) 0.19

GG CC CC 2 (20.00) 8 (80.00) 0.51 (0.09, 2.87) 0.45

GC CT TT 10 (27.78) 26 (72.22) 0.93 (0.36, 2.44) 0.89

GC CT TC 22 (55.00) 18 (45.00) 2.96 (1.21, 7.22) 0.02c

GC CT CC 2 (25.00) 6 (75.00) 0.79 (0.14, 4.57) 0.79

CC TT TT 4 (80.00) 1 (20.00) 9.71 (0.97, 96.94) 0.05

CC TT TC 3 (30.00) 7 (70.00) 0.98 (0.21, 4.63) 0.98

Others 2 (50.0) 2 (50.0) - -

aP < 0.05 vs TT-CC.
bP < 0.05 vs TT-CC.
cP < 0.05 vs GG-CC-TT. Logistic regression analyses adjusting for age, gender, smoking, hypertension, and thyroid function.
SNPs: Single nucleotide polymorphisms; HRV: Heart rate variability; OR: Odds ratio; CI: Confidence interval.

Table 15 Single nucleotide polymorphism-smoking, single nucleotide polymorphism-hypertension and SNP-thyroid function interaction 
models in patients with heart rate variability ≥ 15% evaluated with the generalized multifactor dimensionality reduction approach

Best model Training balanced accuracy Testing balanced accuracy CVC P value
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SNP-smoking interaction1

Smoking 0.5191 0.5171 10/10 0.349

rs820196-smoking 0.6148 0.5954 10/10 0.022a

rs820196-rs1713449-smoking 0.6510 0.5764 9/10 0.065

SNP-hypertension interaction2

Hypertension 0.5156 0.3564 10/10 0.995

rs820196-hypertension 0.5885 0.5920 10/10 0.043b

rs820196-rs1713449-hypertension 0.6434 0.5343 9/10 0.219

SNP-thyroid function interaction3

Thyroid function 0.5126 0.5113 10/10 0.381

rs820196-thyroid function 0.5888 0.5814 10/10 0.065

rs820196-rs1713449-thyroid function 0.6411 0.5706 9/10 0.075

aP < 0.05 means rs820196-smoking two-factor model associated with Heart rate variability (HRV) ≥ 15%.
bP < 0.05 means rs820196-hypertension two-factor model associated with HRV ≥ 15%.
1Adjusted for age, gender, hypertension, and thyroid function.
2Adjusted for age, gender, smoking, and thyroid function.
3Adjusted for age, gender, smoking, and hypertension.
SNP: Single nucleotide polymorphism; CVC: Cross-validation consistency.

Table 16 Analysis of interaction between rs820196 genotype and smoking and hypertension in patients with heart rate variability ≥ 15% 
and < 15%

Environment rs820196 genotype HRV ≥ 15% (n = 72) HRV < 15% (n = 120) OR (95%CI) P value

Smoking

No TT 22 (28.95) 54 (71.05) 1.00 (Reference) -

Yes TT 5 (45.45) 6 (54.55) 2.12 (0.57, 7.95) 0.26

No TC 33 (50.00) 33 (50.00) 2.53 (1.26, 5.08) 0.01a

Yes TC 7 (36.84) 12 (63.16) 1.43 (0.48, 4.22) 0.52

No CC 3 (17.65) 14 (82.35) 0.48 (0.12, 1.89) 0.30

Yes CC 2 (66.67) 1 (33.33) 4.68 (0.39, 56.33) 0.22

Hypertension

No TT 18 (32.73) 37 (67.27) 1.00 (Reference) -

Yes TT 9 (28.13) 23 (71.88) 0.77 (0.28, 2.11) 0.62

No TC 25 (46.30) 29 (53.70) 1.75 (0.80, 3.82) 0.16

Yes TC 15 (48.39) 16 (51.61) 1.90 (0.75, 4.78) 0.18

No CC 3 (23.08) 10 (76.92) 0.58 (0.14, 2.42) 0.45

Yes CC 2 (28.57) 5 (71.43) 0.72 (0.12, 4.26) 0.72

aP < 0.05 vs nonsmokers with the rs820196 TT.
Logistic regression analyses adjusting for age, gender, and thyroid function. HRV: Heart rate variability; OR: Odds ratio; CI: Confidence interval.

In this study, patients with gastric cancer were divided into two groups according to two different cutoffs for HRV: 
30% and 15%. There were no significant differences in gender, age, smoking history, hypertension, diabetes, blood type, 
and thyroid function between the two groups regardless of the cutoff used, indicating that these factors had no effect on 
HRV. The distribution of the RECQL5 (rs820196) genotype frequency in patients with HRV ≥ 15% differed from that in 
the control group. The relationships between these SNPs and HRV risk were evaluated by the inheritance models. Under 
the co-dominant and overdominant models, the TC genotype was associated with a higher risk of HR decrease relative to 
the TT and TT + CC genotypes.
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Figure 4 Interaction between rs820196 and smoking in patients grouped by the 30% heart rate variability cutoff. For each multifactor cell, the 
score of patients with heart rate variability (HRV) ≥ 30% is displayed on the left bar and the score of patients with HRV < 30% is displayed on the right bar. The high-
risk interaction genotype was assigned as one and the low-risk interaction genotype was assigned as zero in the multivariable logistic regression analyses. Dark gray 
cells indicate high-risk combinations and light gray cells indicate low-risk combinations. No smoking = 0; smoking = 1.

Figure 5 Interaction between rs820196 and smoking and hypertension in patients grouped by the 15% heart rate variability cutoff. A: 
Rs820196-smoking interaction. No smoking = 0; smoking = 1; B: Rs820196-hypertension interaction. No hypertension = 0; hypertension = 1. For each multifactor cell, 
the score of patients with heart rate variability (HRV) ≥ 15% is displayed on the left bar and the score of patients with HRV < 15% is displayed on the right bar. The 
high-risk interaction genotype was assigned as 1 and the low-risk interaction genotype was assigned as 0 in multivariable logistic regression analyses. Dark gray cells 
indicate high-risk combinations, and light gray cells indicate low-risk combinations.

TEP1 is a component of the telomerase ribonucleoprotein complex, and is responsible for catalyzing the addition of 
new synthetic telomere sequences to chromosome ends[22]. Genetic variations in telomere-associated pathway genes 
might affect telomere length and chromosomal stability, and subsequently disease susceptibility. In this study, the LD 
analysis showed that TEP1 rs938886 and TEP1 rs1713449 had a strong linkage relationship. Unexpectedly, there were no 
differences among the three haplotypes (P > 0.05).

GMDR is a novel and powerful statistical tool for detecting and modeling epistasis. It is a non-parametric and model-
free alternative to logistic regression for detecting and characterizing non-linear interactions among discrete genetic and 
environmental attributes[23]. It is mainly used to detect gene-gene and gene-environment interactions underlying 
complex traits in epidemiological and genetic research. In this study, after adjusting for a multitude of covariates, we 
found that the best one-factor model was rs820196, whether the HRV cutoff was 30% or 15%. Logistic regression analysis 
was performed for better risk assessment. When the HRV cutoff value was 30%, there was a significant gene–gene 
interaction between rs938886 and rs820196. The subjects carrying the GC-TC genotypes of rs938886 and rs820196 showed 
a higher HRV risk when compared with the GG-TT genotype carriers. In the three-factor model of rs938886, rs820196, and 
rs1713449, the patients carrying the GC-TC-CT genotype had a higher risk of HRV compared with the GG-TT-CC wild-
type genotype. We also found a potential gene-environment interaction between rs820196 and smoking, such that the 
nonsmokers carrying the TC genotype of rs820196 had a higher HRV risk compared with the nonsmokers carrying the TT 
genotype. When the HRV cutoff was 15%, patients carrying the TT-TT and TC-CT genotypes of rs820196 and rs1713449 
showed a higher HRV risk when compared with the TT-CC genotype carriers. Patients carrying the GC-CT-TC genotypes 
of rs938886, rs1713449, and rs820196 showed a higher HRV risk when compared with the GG-CC-TT genotype carriers. 
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When the HRV cutoff was 15%, the best-fitting models for SNP-environment interactions were rs820196-smoking and 
rs820196-hypertension. Consistent with the results of the previous grouping, the nonsmokers carrying the TC genotype of 
rs820196 had a higher HRV risk compared with the nonsmokers carrying the TT genotype.

Although several positive associations were observed, some limitations of this study should be considered. First, the 
sample size was small, with only 192 patients being enrolled. Second, all the participants were recruited from the same 
hospital; hence, inherent selection bias was unavoidable. Third, was the prognosis of patients with high HRV poorer than 
that of those with low HRV? Did the patients with high HRV ever have arrhythmias in daily life? These questions need to 
be investigated. Given these limitations, further studies with larger sample sizes and more comprehensive clinical 
information will be required to confirm our findings.

This study on RECQL5 and TEP1 genetic polymorphisms may help uncover the underlying mechanisms of arrhythmia 
phenotypic variation. The 2D PCR used in this study helped to screen the three SNP loci more quickly and economically. 
In the future, when performing tumor resection and peritoneal lavage with distilled water, we suggest anesthesiologists 
assess the risk of sudden HR drop based on the genetic polymorphisms of RECQL5 (rs820196) and TEP1 (rs938886 and 
rs1713449), and medical history. If patients are at high risk and the baseline HR is < 40 beats/min, vasopressors such as 
norepinephrine, epinephrine, dopamine, and phenylephrine will be recommended before surgery. During the periop-
erative period, all patients are routinely monitored for arterial blood pressure by electrocardiography. An anesthetic 
machine is used to support breathing and monitor end-expiratory carbon dioxide partial pressure. Once the HR decreases 
by 30% or < 40 beats/min after lavage, vasopressors should be used immediately. If cardiac arrest occurs, cardiac 
compression should be performed immediately, so that the heartbeat pause time is strictly limited to 1 min. Extensive 
peritoneal lavage with warm distilled water is widely used in surgery for breast cancer, lung cancer and gastrointestinal 
cancer. The purpose of this study was to screen high-risk groups through the SNP detection of high-risk genes, and focus 
on improving safety during the perioperative period.

CONCLUSION
In conclusion, our results showed, for the first time, that polymorphisms of the RECQL5 and TEP1 genes were associated 
with sudden decreases in HR during abdominal lavage in patients with gastric cancer. Nonsmokers carrying the TC 
genotype of rs820196 and the GC-CT-TC genotype carriers of rs938886, rs1713449 and rs820196 were found to have a 
higher HRV risk.

ARTICLE HIGHLIGHTS
Research background
Peritoneal lavage with distilled water to kill residual tumor cells is a routine procedure in gastrectomy, but this procedure 
often causes a sudden decrease in heart rate (HR) in some patients.

Research motivation
To investigate whether there are differences in genetic background between patients with discordant HR changes and 
help clinicians to better assess the perioperative risk of patients undergoing gastrectomy.

Research objectives
To investigate whether genotypes, genetic patterns, single nucleotide polymorphism (SNP)-SNP and SNP-environment 
interactions were associated with high heart rate variability (HRV).

Research methods
A total of 192 patients who underwent distal gastrectomy were divided into two groups according to changes in HR 
(using 30% and 15% as cutoffs). Two-dimensional polymerase chain reaction was used to establish a single-tube method 
to detect telomerase-associated protein 1 (TEP1) rs938886 and rs1713449 and RecQ like helicase 5 (RECQL5) rs820196. 
Genotypes, genetic patterns and the interaction of SNP-SNP and SNP-environment were analyzed by non-conditional 
logistic regression model and generalized multifactor dimensionality reduction.

Research results
The polymorphism of the RECQL5 gene (rs820196) was associated with a sudden decrease in HR during abdominal 
lavage in patients with gastric cancer. Rs820196-smoking and rs820196-hypertension were associated with HRV ≥ 15%. 
Nonsmokers carrying the TC genotype of rs820196 and patients carrying the GC-CT-TC genotype of rs938886, rs1713449 
and rs820196 had higher HRV risk.

Research conclusions
The polymorphisms of RECQL5 (TC genotype of rs820196) and TEP1 (GC-CT genotype of rs938886 and rs1713449) genes 
were associated with HRV.
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Research perspectives
HRV risk assessment in patients who are about to undergo peritoneal lavage is helpful for perioperative safety. This cost-
effective SNP screening method can be extended to other patients undergoing tumor resection (such as breast cancer, 
lung cancer and other gastrointestinal cancer) and multicenter studies.
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