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Background: Dexmedetomidine is a commonly used clinical sedative; however, the drug response varies among individuals. Thus, the purpose of this study was to explore the association between dexmedetomidine response and gene polymorphisms related to drug-metabolizing enzymes and drug response (CYP2A6, UGT2B10, UGT1A4, ADRA2A, ADRA2B, ADRA2C, GABRA1, GABRB2, and GLRA1).
Methods: This study was a prospective cohort study. A total of 194 female patients aged 18–60 years, American Society of Anesthesiologists (ASA) score I-II, who underwent laparoscopy at the Third Xiangya Hospital of Central South University, were included. The sedative effect was assessed every 2 min using the Ramsay score, and the patient’s heart rate decrease within 20 min was recorded. Peripheral blood was collected from each participant to identify genetic variants in the candidate genes of metabolic and drug effects using the Sequenom MassARRAY® platform. Furthermore, additional peripheral blood samples were collected from the first 99 participants at multiple time points after dexmedetomidine infusion to perform dexmedetomidine pharmacokinetic analysis by Phoenix® WinNonlin 7.0 software.
Results: Carriers of the minor allele (C) of CYP2A6 rs28399433 had lower metabolic enzyme efficiency and higher plasma concentrations of dexmedetomidine. In addition, the participants were divided into dexmedetomidine sensitive or dexmedetomidine tolerant groups based on whether they had a Ramsay score of at least four within 20 min, and CYP2A6 rs28399433 was identified to have a significant influence on the dexmedetomidine sedation sensitivity by logistic regression with Plink software [p = 0.003, OR (95% CI): 0.27 (0.11–0.65)]. C allele carriers were more sensitive to the sedative effects of dexmedetomidine than A allele carriers. GABRA2 rs279847 polymorphism was significantly associated with the degree of the heart rate decrease. In particular, individuals with the GG genotype had a 4-fold higher risk of heart rate abnormality than carriers of the T allele (OR = 4.32, 95% CI: 1.96–9.50, p = 0.00027).
Conclusion: CYP2A6 rs28399433 polymorphism affects the metabolic rate of dexmedetomidine and is associated with susceptibility to the sedative effects of dexmedetomidine; GABRA2 rs279847 polymorphism is significantly associated with the degree of the heart rate decrease.
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INTRODUCTION
Dexmedetomidine is a highly selective adrenergic agonist that inhibits noradrenaline release, producing sedation, analgesic, and anxiolytic effects (Lee, 2019). It has been widely used as an adjunct to general anesthesia or for sedation in the intensive care unit (ICU) due to its advantages of intraoperative and postoperative analgesia, sedation without respiratory depression, and low incidence of postoperative nausea and vomiting (Liu et al., 2021).
The mechanism of the sedative and analgesic effects of dexmedetomidine is not fully understood. The majority of studies suggest that dexmedetomidine inhibits the release of norepinephrine by activating alpha2-adrenergic receptors in the locus coeruleus, thereby blocking the transmission of pain signals and inducing sedation and analgesia (Correa-Sales et al., 1992). The metabolism of dexmedetomidine is mainly achieved through hepatic biotransformation, including CYP2A6 hydroxylation metabolism and glucuronidation by UGT2B10 and UGT1A4 (Cortinez et al., 2015). The primary metabolites of dexmedetomidine are the N-glucuronide lipid isomers (G-Dex-1, G-Dex-2) and the O-glucuronide lipid hydroxylation N-methyl-dexmedetomidine H1 and imidazole oxidation product H3, which are 100-fold less potent in the alpha-2 receptor and are considered to be inactive (Gertler et al., 2001).
The sedative effect of dexmedetomidine varies between individuals. A 6-month prospective observational study revealed that approximately half of the participants in the intensive care unit did not achieve satisfactory sedative effect after intravenous infusion of a predetermined dose of dexmedetomidine (Smithburger et al., 2014). The most common side effects are hemodynamic variations such as initial hypertension, bradycardia, and hypotension, which correlate to the plasma drug concentration (Colin et al., 2017). Thus, it is necessary to individualize the dosing to achieve a more satisfactory sedative effect and reduce cardiovascular side effects.
The genetic factor is one of the contributors to the variations in drug efficacy and adverse effect severity between individuals given the same drug dose (Bachtiar et al., 2019). Single nucleotide polymorphism (SNP) is the most common heritable genetic variation (Chaudhary et al., 2015). There exist numerous SNPs in the genes encoding metabolizing enzymes, transporter proteins, and receptor proteins (Ahmed et al., 2016; Cacabelos et al., 2019). However, not every SNP has a clinical impact. Therefore, it is essential to identify SNPs that influence pharmacokinetics and pharmacodynamics.
Studies on the influence of genetic factors on the dexmedetomidine drug effect are currently scarce. Several studies have suggested that CYP2A6 gene polymorphisms seem not to influence the pharmacokinetics of dexmedetomidine (Kohli et al., 2012; Wang et al., 2018). However, there may be limitations with the relatively poor sample sizes of these studies. By the way, the complex genetic architecture of CYP2A6 coupled with its significant homology with other CYP2A genes (CYP2A7 and CYP2A13) makes genotyping challenging (Ding and Kaminsky, 2003; Di et al., 2009). The effect of alpha-2 adrenergic receptor gene polymorphisms on the cardiovascular response after dexmedetomidine infusion is currently inconclusive (Talke et al., 2005a; Talke et al., 2005b; Muszkat et al., 2005; Yagar et al., 2011; Zhu et al., 2019). GABA is the main inhibitory neurotransmitter of the central nervous system (Fatemi et al., 2013). Philbin et al. reported that alpha2-receptor agonist clonidine diminishes GABAergic neurotransmission to cardiac vagal neurons in the nucleus ambiguous, which result in decrease in heart rate and blood pressure (Philbin et al., 2010). Nevertheless, few studies have reported whether SNPs of GABAA receptor genes affect the heart rate decrease after dexmedetomidine infusion. Overall, there are still multiple SNPs in dexmedetomidine metabolizing enzymes and cardiovascular response-related genes that remain unexplored.
The aim of our study is to explore the association between dexmedetomidine response and gene polymorphisms related to drug-metabolizing enzymes and drug response (CYP2A6, UGT2B10, UGT1A4, ADRA2A, ADRA2B, ADRA2C, GABRA1, GABRB2, and GLRA1).
MATERIALS AND METHODS
Study Participants
From August 2018 to May 2019, 194 Chinese female patients who underwent laparoscopy under general anesthesia at The Third Xiangya Hospital of Central South University were recruited. Inclusion criteria: 1) Female patients aged 18–60 years undergoing laparoscopic with ASA I-II [ASA I: normal healthy patients; ASA II: patients with mild systemic disease (Doyle et al., 2022)] and a body mass index (BMI) of 18–28 kg/m2; 2) participants must have given informed consent to the study and signed a written informed consent form; 3) participants were able to communicate with the investigator and completed the study in accordance with the study regulations. Exclusion criteria: 1) abnormal liver or renal function (elevated AST or ALT levels [≥ 2 times]; elevated Scr levels [≥ 1.2 times]); 2) severe hypotension or complete atrioventricular block; 3) endocrine disorders (e.g., abnormal thyroid function); 4) drug allergy history; 5) administration of an alpha agonist within two weeks such as colistin; 6) Medications that influence hepatic metabolism within 30 days previous to our study (e.g., barbiturates, carbamazepine, phenytoin, glucocorticoids, omeprazole, SSRI antidepressants, cimetidine, diltiazem, macrolides, nitroimidazoles, verapamil, fluoroquinolones, antihistamines); 7) Participation in blood donation (>400 ml) or receiving blood transfusion within three months previous to surgery; 8) Soft drug (e.g., marijuana) abuse within three months previous to surgery or hard drug (e.g., cocaine, phencyclidine, etc.) abuse within one year previous to surgery; 9) pregnancy or oral contraceptives usage 30 days before surgery; 10) long-term special diet and alcohol consumption; 11) Patients refuse to participate. The study has been registered with the China Clinical Trials Registry (registration number: ChiCTR1800017474; https://www.chictr.org.cn/index.aspx). The study was approved by the ethics committee of The Third Xiangya Hospital of Central South University (registration number: R18017). The study was conducted following the Declaration of Helsinki, and each patient signed a written informed consent.
Treatments
All patients were given no preoperative medication. Non-invasive blood pressure (NIBP), oxygen saturation (SpO2), electrocardiogram (ECG), and bispectral index (BIS) were routinely monitored. Oxygen was administered by nasal cannula (2L/min). Dexmedetomidine was continuous intravenous infused at 1 μg/kg for 10 min before the induction period of general anesthesia.
Ten minutes after the end of dexmedetomidine infusion, induction of anesthesia was performed in the usual way (propofol 1.5–2.5 mg/kg, midazolam 0.02–0.05 mg/kg, sufentanil 0.2–0.5 μg/kg, and cis-atracurium 0.2–0.4 mg/kg). After tracheal intubation, appropriate ventilator parameters were set to maintain PaCO2 35–45 mmHg. General anesthesia was maintained by continuous pumping of propofol and remifentanil, and BIS was maintained 45–60 during the anesthesia period.
During the study, atropine 0.3–0.5 mg was given when the patient’s heart rate was below 50 per minute, and ephedrine 5 mg was administered when the mean arterial pressure (MAP) was 30% below the basal value or when the NIBP was below 90/60 mmHg.
Peripheral Blood Sampling
This study included 194 participants, of which pharmacokinetic studies were performed on 99 participants, and pharmacodynamic studies were performed on all participants. All participants had 5 ml of peripheral blood sampled preoperatively for DNA isolation and genetic testing. All blood samples were preserved in EDTA-2K anticoagulation tubes. The peripheral blood samples were stored at −20°C until DNA was isolated.
For the first 99 participants, 5 ml of peripheral blood samples were additionally collected at 2, 5, and 10 min after dexmedetomidine administration, and 5, 10, 20, 30, and 45 min, 1, 1.5, 2, and 8 h after the ending of dexmedetomidine infusion to determine dexmedetomidine pharmacokinetics. These 99 blood samples were centrifuged at 3500 rpm, and the plasma was extracted to determine the pharmacokinetics of dexmedetomidine. The plasma samples were stored at −80°C until dexmedetomidine concentration was determined.
Determination of the Concentration of Dexmedetomidine in Plasma by HPLC Analytical Technique
Plasma drug concentration monitoring by HPLC-MS/MS-based method has been reported in the previous study (Chang et al., 2020). Gradient elution was performed on a CHIRALPAK® AGP 5 μm, 2.1 × 150 mm column with dexmedetomidine -d4 as an internal standard. The ion source is an electrospray ion source (ESI) with positive ion multiple reaction monitoring (MRM) mode detections. The calibrated range of the method was 1.0–2000 ng/ml for all analytes. The intra- and inter-day precisions (CV, %) were <15%, and the accuracies (%) were within the range of 85.0–115.0%.
Identification of the Clinical Pharmacological Effects of Dexmedetomidine
The Ramsay scale was used to assess the sedative effect every 2 min for 20 min after administration of dexmedetomidine. Ramsay scale scoring criteria: 1 = unquiet and irritable; 2 = quiet and cooperative; 3 = respond to command only; 4 = wakeable sleep states; 5 = sluggish response to call; 6 = deep sleep with no response to call (Mondello et al., 2002). In this study, patients with a Ramsy score of at least four within 20 min were considered sensitive to the sedative effects of dexmedetomidine. In addition, a heart rate (HR) of less than 50 beats per minute is considered an HR abnormality.
Screening of TagSNPs in Candidate Genes
Genes involved in dexmedetomidine metabolism, sedative effects, and cardiovascular responses were screened through literature review. These genotyping data were then downloaded from the Ensemble database (http://asia.ensembl.org/index.html) and imported into HaploView 4.2 software. This software is available to identify tagSNPs, which are representative SNPs for genomic regions with high linkage disequilibrium and are used to characterize the variation information of the whole gene (Barrett et al., 2005). The screening selection criteria were set to a minimum allele frequency (MAF) > 0.05 and a linkage coefficient r2 ≥ 0.8. Twenty-two tagSNPs were finally screened (Table 1).
TABLE 1 | Genotyping results of the tagSNPs.
[image: Table 1]DNA Isolation and SNPs Genotyping
Genomic DNA was isolated from the peripheral blood using the Magen HiPure Blood DNA Mini Kit. UV spectrophotometer and agarose gel electrophoresis were used to examine the concentration and quality of DNA. The isolated DNA samples were stored at −20°C for subsequent genotyping.
The Sequenom MassARRAY® platform was used for genotyping. Specific amplification primers were designed based on the SNP information (Supplementary Table S1). The fragment of DNA containing the SNP was then amplified. The residual dNTPs were neutralized by shrimp alkaline phosphatase, and single base extensions were then performed using site-specific primers. Extension products were spotted on the chip after resin purification. SpectroCHIP was then compactly analyzed by the MassARRAY analyzer. The genotypes of target sites were interpreted based on the mass spectrum peaks.
Statistical Analysis
The data were analyzed using SPSS software (version 22.0, SPSS, Chicago, United States) and PLINK 1.07 (http://pngu.mgh.harvard.edu/purcell/plink/). The pharmacokinetic parameters were carried out by non-compartmental analyses (NCA) in Phoenix® WinNonlin 7.0 software. The chi-square test (χ2-test) in PLINK software was applied to perform the Hardy-Weinberg equilibrium analysis. The measurement data were described using the mean ± SD, and the normality test was performed by Kolmogorov-Smirnov test in SPSS. Comparisons between two groups were performed using the independent samples t-test, and comparisons of differences between three groups were performed using analysis of variance (ANOVA). For non-normally distributed data, the Mann-Whitney U test was used for comparison between two groups, and the Kruskal-Wallis H was used for comparison between three groups. Logistic regression models in PLINK software were used to analyze the relationship between each genotype and sedation scores in the study population and the relationship between each genotype and the patient’s heart rate. Bonferroni correction was used for multiple testing. Power test calculations were carried out using G*Power (Version 3.1.9.4, Germany).
RESULTS
Genotyping Results
In our study, 22 SNPs in 194 participants were genotyped. The genotype distributions are shown in Table 1. No genotyping results were available for CYP2A6 rs28399481 and rs5031016. The call rates for the remaining SNPs were >95%. UGT1A4 rs2008584, ADRA2A rs3750625 and ADRA2C rs7434444 did not conform to the Hardy Weinberg equilibrium (p < 0.05). The remaining 17 SNPs were included for subsequent analysis.
Effect of Gene Polymorphisms on Pharmacokinetic Parameters of Dexmedetomidine
The impact of seven metabolic enzyme gene SNPs on the pharmacokinetic parameters of dexmedetomidine in the former 99 participants was analyzed. Drug concentration-time profiles in the 99 participants were plotted by the xy-plot function of Phoenix® WinNonlin 7.0. The pharmacokinetic parameters were carried out by non-compartmental analyses (NCA) in Phoenix® WinNonlin 7.0 software. The results indicated that CYP2A6 rs28399433 had a significant effect on Cl_obs and had a marginal statistical effect on Cmax and AUCINF_obs. After performing weight correction, CYP2A6 rs28399433 maintained a significant effect on Cl_obs (test power = 0.77). In addition, moderately statistically effects on AUClast and AUCINF_obs were identified, and no influence was detected on Cmax (Table 2). The pharmacokinetic parameters for each genotype of the remaining SNPs are shown in Supplementary Table S2. These results indicated that carriers of the minor allele (C) of CYP2A6 rs28399433 have lower metabolic enzyme efficiency and higher plasma concentrations of dexmedetomidine.
TABLE 2 | Effects of CYP2A6 rs28399433 on pharmacokinetic parameters of dexmedetomidine.
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The effect of 17 SNPs on the sedative effect and the degree of the heart rate decrease after dexmedetomidine infusion in 194 participants was analyzed. The participants were divided into dexmedetomidine sensitive or dexmedetomidine tolerant groups based on whether they had a Ramsay score of at least four within 20 min CYP2A6 rs28399433 was identified to be associated with the susceptibility to the sedative effect of dexmedetomidine by chi-square (χ2) test (Table 3; p = 0.001, OR [95% CI]: 0.23 [0.09–0.60], test power = 0.82). This SNP remained significant influence by logistic regression with Plink software (p = 0.003, OR [95% CI]: 0.27 [0.11–0.65]). After correcting for the covariates (age and weight), the p-value remained statistically significant (p = 0.005, OR [95% CI]: 0.25 [(0.10–0.65]). The above results are shown in Table 3. We further analyzed the relationship between pharmacokinetics and sedative effects in the first 99 participants and identified a significant correlation between Cmax and sedative effects (Table 4, test power = 0.83). The results of SNPs with no statistically significant influence on the sedative effect are shown in Supplementary Table S3. In summary, our results indicated that C allele carriers were more sensitive to the sedative effects of dexmedetomidine than A allele carriers.
TABLE 3 | Association of CYP2A6 rs28399433 with the sedative effect of dexmedetomidine.
[image: Table 3]TABLE 4 | Relationship between pharmacokinetic parameters and sedative effects of dexmedetomidine.
[image: Table 4]Abnormal heart rate due to dexmedetomidine, which incidence was 19.69%, was defined as a heart rate less than 50 per min at least once within 20 min. The results suggest that the GABRA2 rs279847 polymorphism is significantly associated with the heart rate decrease. In particular, individuals with the GG genotype had a 4-fold higher risk of heart rate abnormality than carriers of the T allele (OR = 4.32, 95% CI: 1.96–9.50, p = 0.00027, test power = 0.91) (Table 5). To exclude the effect of blood pressure on heart rate, we plotted the trend of mean arterial pressure change in individuals with different genotypes of GABAA2 rs279847 within 20 min (Figure 1). There was no significant difference in MAP between different genotypes. The association of other SNPs with heart rate abnormality is shown in Supplementary Table S4.
TABLE 5 | Association of GABRA2 rs279847 with abnormal heart rate due to dexmedetomidine.
[image: Table 5][image: Figure 1]FIGURE 1 | Trends in MAP within 20 min in Patients with Different Genotypes of GABRA2 rs279847.
DISCUSSION
Our study indicates that CYP2A6 rs28399433 affects the metabolism rate of dexmedetomidine and is associated with sensitivity to the sedative effects of dexmedetomidine. In addition, the GABRA2 rs279847 polymorphism is significantly associated with the degree of the heart rate decrease.
Pharmacogenomic studies have shown that genetic variation is the leading cause of inter-individual differences in drug metabolism (Waring, 2020). CYP2A6 is the main metabolic enzyme mediating the hydroxylation of dexmedetomidine. Therefore, genetic variations in CYP2A6 may impact the metabolism of dexmedetomidine and even the drug effect. Populations of different ethnicities exist distinct patterns of CYP2A6 genetic variation (Tanner and Tyndale, 2017). As a result, CYP2A6 activity is generally lower in Asians than in Europeans (Nakajima et al., 2006).
CYP2A6*2 (479T > A, rs1801272) is a missense mutation that encodes an inactive enzyme with an amino acid substitution of L160H (Carter et al., 2004). It is a rare variant (MAF <0.05) with a mutation rate of 1–3% in European populations and almost no mutations in Asian populations; therefore, it was not included in the study. The whole gene deletion allele CYP2A6*4 will alter the TATA box, which results in a lower expression mRNA of metabolic enzymes (Loukola et al., 2015). There was no statistical association between CYP2A6*4 and dexmedetomidine pharmacokinetic parameters found in Kohli et al.’s study of 43 patients sedated by dexmedetomidine infusion in the ICU and Wang et al.’s study of 31 patients treated with preoperative dexmedetomidine infusion Kohli et al. (2012); Wang et al. (2018).
In our study, the dexmedetomidine plasma concentration of the 99 participants was measured to calculate pharmacokinetic parameters by non-compartmental analyses. The result indicated that CYP2A6 rs28399433 correlates with the pharmacokinetics parameters of dexmedetomidine (Cmax and AUC). Studies have indicated that CYP2A6 rs28399433A > C significantly decreases CYP2A6 enzyme activity (Tanner and Tyndale, 2017). Further analysis of the sedative effect in 194 participants suggested that carriers of the CYP2A6 rs28399433 minor allele (C) are more likely to achieve sedation after dexmedetomidine infusion. We further analyzed the relationship between pharmacokinetic parameters and the sedative effect in the first 99 participants and revealed a significant correlation between Cmax and the sedative effect. Thus, the sedative effect was more effective at higher plasma drug concentrations. Therefore, it can be concluded that CYP2A6 rs28399433 rare allele (C) carriers have a lower metabolism rate of dexmedetomidine, resulting in higher drug concentrations and leading to more profound sedation.
The UGT superfamily plays an essential role in the phase II metabolism of dexmedetomidine (Yang et al., 2019). Nineteen UGT proteins have been identified in humans, and they are divided into two families, UGT1 and UGT2, and UGT2 is subdivided into two subfamilies UGT2A and UGT2B (Nakamura et al., 2008). James et al. indicated that the UGT1A4 or UGT2B10 genotype does not affect the pharmacokinetics of dexmedetomidine in children (James et al., 2021). Similarly, SNPs in the UGT candidate genes screened in our study were not associated with pharmacokinetic parameters or drug effects of dexmedetomidine in adult female patients.
Bradycardia and initial hypertension are common adverse effects of dexmedetomidine (Mason and Lerman, 2011). Our results suggested that GABRA2 rs279847 gene polymorphism was significantly associated with the decrease in heart rate induced by dexmedetomidine. After dexmedetomidine infusion, peripheral alpha receptors are activated, leading to initial transient hypertension, which may cause a reflex decrease in heart rate (Ebert et al., 2000). Physiologically, variations in blood pressure are often associated with alterations in heart rate, as an increase in blood pressure reflexively induces a decrease in heart rate (Li et al., 2017). Thus, we analyzed the MAP within 20 min and plotted the trend in MAP in patients with different genotypes of GABRA2 rs279847. The result showed that the gene polymorphism had a weak effect on MAP, thus excluding the possible interference of blood pressure on heart rate. We hypothesized that the bradycardia induced by dexmedetomidine was associated with GABAergic neurotransmission. Therefore, GABRA2 rs279847 polymorphism might lead to the sympathetic blockade, causing a variation in heart rate decrease.
The hypothalamic paraventricular nucleus is the center of the autonomic system and plays an essential role in regulating cardiovascular activity (Dampney et al., 2018). It has been found that microinjections of GABA into the hypothalamus paraventricular nucleus produced a decrease in heart rate, which was caused by the inhibition of noradrenergic effects in the hypothalamus (Allen, 2002). Based on the analysis of online database, it is found that (Figure 2) the GABRA2 rs279847 gene polymorphism significantly impacts GABRA2 expression in the hypothalamus (p = 0.0032) and is also significantly associated with GABRA2 expression in the heart and arterial (p < 0.005). This supports our hypothesis that rs279847 alters the sympathetic regulation of GABA by affecting the expression of GABRA2, leading to dexmedetomidine-induced heart rate abnormalities. In summary, our results indicated that G carriers of GABRA2 rs279847 experienced a more significant heart rate decrease after dexmedetomidine infusion.
[image: Figure 2]FIGURE 2 | Relationship between GABRA2 rs279847 and GABRA2 Expression Quantitative Trait Locus (eQTL) in Multiple Tissues. (from GTEx database, https://www.gtexportal.org/home/).
Overall, decreased CYP2A6 activity in carriers of the minor allele (C) of CYP2A6 rs28399433 leads to higher drug concentrations during dexmedetomidine infusion. Therefore, appropriate dose reductions for these patients are warranted. In addition, carriers of the minor allele (G) of GABRA2 rs279847 have a more severe decrease in heart rate on dexmedetomidine infusion. Therefore more attention and advanced prevention in these patients may be necessary. However, several limitations existed in our study. First, studies have shown that gender contributes to differences in gene expression in specific tissues by affecting the transcription factors (Oliva et al., 2020), and to exclude the effect of gender on drug response, our study included only female patients; therefore, the generalizability of the findings in male patients remains for validation. Besides, certain external environmental and internal endogenous factors can be inducible for CYP2A6 activity. For example, cigarettes can affect the expression of CYP2A6, resulting in altered metabolism of the relevant drugs (Di et al., 2009). Unfortunately, the indicator was not acquired from the subjects in our study. However, considering that our study population originated from urban women in central China, the prevalence of smoking was extremely low considering cultural and economic reasons, and the vast majority were women of childbearing age. Therefore, this factor should have little effect on our results. Finally, although we detected SNPs with high-frequency mutations in Asians, the present method could not typify all SNPs and, therefore, might have missed some SNPs with low mutations but with potential roles. It also led to our inability to delineate the different metabolic activities of CYP2A6 accurately. In conclusion, future studies require covering larger sample sizes, incorporating more potential confounders, and screening more candidate SNPs to comprehensively analyze the effect of genetic polymorphisms on dexmedetomidine drug response.
CONCLUSION
Our study indicated that CYP2A6 rs28399433 polymorphism affects the metabolic rate of dexmedetomidine and is associated with susceptibility to the sedative effects of dexmedetomidine; GABRA2 rs279847 polymorphism is significantly associated with the degree of the heart rate decrease. These findings might contribute to the precise dosing of dexmedetomidine in the ICU and perioperative period, although further validation is required in the future.
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