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of midazolam
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Abstract

Midazolam is widely used for intravenous sedation. However, wide interindividual variability is seen in the sensitivity
to midazolam. The association between genetic factors and interindividual differences in midazolam sensitivity
remains unclear. The present study explored the association between common genetic variants and sedative and
amnesic effects of midazolam. This prospective study included patients who were scheduled to undergo dental
procedures under intravenous sedation. The sedative effect was evaluated using the Ramsay sedation scale 5 min
after midazolam (0.05 mg/kg) administration. We employed two parallel approaches in this study: genome-wide
approach and candidate gene approach. The y-aminobutyric acid type A receptor subunit genes were selected

as candidate genes. Multivariate linear regression analyses were performed to investigate the association between
the Ramsay sedation scale and genetic variants. We also analyzed the association between the presence of
anterograde amnesia and genetic variants using multivariate binominal logistic regression analyses. The analyses
were adjusted for potential confounding factors. A total of 191 patients were included in the analyses. In the
genome-wide association analyses, no significant association was found between the genetic variants and Ramsay
scores. In the candidate gene analyses, the rs73247636 (dominant model: 3=0.72 [95% confidence interval, 0.34 to
1.10], P<0.001) and rs56278524 (dominant model: §=0.73 [0.37 to 1.10], P<0.001) polymorphisms of the GABRBI
gene were significantly associated with Ramsay scores. Additionally, the rs73247636 (dominant model: odds

ratio [OR]=8.39 [2.36 to 29.85], P=0.001) and rs56278524 (dominant model: OR=15.26 [3.42 to 68.07], P<0.001)
polymorphisms were also significantly associated with the presence of anterograde amnesia. The rs73247636 and
156278524 single-nucleotide polymorphisms of GABRBT were associated with the sedative and amnesic effects of
midazolam.
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Introduction

Midazolam is widely used for sedation in diagnostic and
therapeutic procedures during the perioperative period
[1]. In dentistry, intravenous sedation is useful for man-
aging patients with dental phobia and a gagging problem,
and midazolam is the most commonly used sedative for
dental sedation [2, 3]. Dental procedural sedation has
inherent risks because the airway is shared by the anes-
thesiologist and dentist [2]. Airway obstruction is one
of the common causes of adverse outcomes [4, 5]. Mid-
azolam also depresses the swallowing reflex and increases
the potential risk for aspiration. Preventing airway com-
plications and maintaining appropriate levels of sedation
are critical for providing safe and effective dental seda-
tion. However, wide interindividual variability is seen in
the sensitivity to midazolam [6]. Midazolam should be
individually titrated to the desired level of sedation.

Recently, numerous genetic studies have been con-
ducted in the field of anesthesiology using various
approaches. Several studies have investigated the effects
of CYP3A4 and CYP3AS gene polymorphisms on the
pharmacokinetic properties of midazolam [7-9], whereas
the effects of these polymorphisms remain controversial.
Other studies reported that genetic polymorphisms were
associated with the sedative effect of midazolam [10, 11].
Limited evidence is available on whether genetic variants
affect the pharmacodynamics of midazolam compared
with the pharmacokinetics of midazolam. One molecu-
lar target of the pharmacological effect of midazolam
is the y-aminobutyric acid type A (GABA,) receptor.
The effects of diazepam are mediated by a subunits of
GABA , receptors [12], suggesting that the effects of mid-
azolam should also be mediated by the same receptor
subunits. However, the genetic contribution of GABA ,
receptor subunits to the pharmacological effects of mid-
azolam remains unknown [13]. Furthermore, no previous
study has explored genome-wide associations with the
pharmacokinetics and pharmacodynamics of midazolam.
Only a few single-nucleotide polymorphisms (SNPs)
of several genes have been investigated to date. Little is
known about which genes contribute to interindividual
differences in the effects of midazolam and the ways in
which genetic factors affect physiological functions.
Therefore, we conducted a candidate gene and genome-
wide association study using DNA microarrays.

In the present study, we focused on the pharmacody-
namics of midazolam rather its pharmacokinetics. We
investigated the clinical response to midazolam dur-
ing the sedation induction period with midazolam. We
hypothesized that common genetic variants rather than
low-frequency variants would affect interindividual dif-
ferences in the sedative and amnesic effects of mid-
azolam. The primary aim of this study was to investigate
whether genetic variants, especially variants of GABA,
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receptor subunit genes, are associated with the sedative
effect of midazolam. The secondary aim of this study was
to evaluate whether these variants were also associated
with the amnesic effect of midazolam if genetic associa-
tions with sedative effects were observed in the primary
study.

Materials and methods

This exploratory prospective study was approved by the
Tokyo Dental College Ethics Committee (Tokyo, Japan;
approval No. 919; February 13, 2019) and Tokyo Met-
ropolitan Institute of Medical Science Ethics Commit-
tee (Tokyo, Japan; approval No. 18-46; March 7, 2019).
Patients were recruited at Tokyo Dental College Suido-
bashi Hospital, Tokyo, Japan, between April 2019 and
March 2020. Genetic analyses were conducted at the
Tokyo Metropolitan Institute of Medical Science, Tokyo,
Japan. All of the patients provided written informed con-
sent before participating in this study.

Patients who were scheduled to undergo dental proce-
dures under intravenous sedation were eligible for this
study. The inclusion criterion was age between 20 and
60 year. The exclusion criteria were (1) American Society
of Anesthesiologists (ASA) physical status III or higher,
(2) known allergy to midazolam, (3) psychotropic drug
use, including benzodiazepine use, within the past 3
months, and (4) non-Japanese descent.

Sedation management

No premedication was administered. The patients were
seated in a dental chair in the semi-supine position with
the head up at a 40-degree angle. Vital signs, including
noninvasive blood pressure, pulse rate, and oxygen satu-
ration (measured by pulse oximetry [SpO,]), and Bispec-
tral Index (BIS) values were monitored. A BIS electrode
was applied on the patient’s forehead. BIS values were
continuously recorded with a BIS monitor (Covidien,
Tokyo, Japan). The Ramsay sedation scale was used to
evaluate the patients’ level of sedation: score of 1, patient
anxious and agitated or restless or both; 2, patient coop-
erative, oriented and tranquil; 3, patient drowsy, but
responds to commands; 4, asleep, brisk response; 5,
asleep, sluggish response; 6, no response [14]. Patients
with no clinical response to midazolam were deemed to
have a Ramsay score of 1. To evaluate the amnesic effect
of midazolam, the patients were requested to memorize a
word and the region where we would collect buccal swab
samples during sedation.

After recording baseline vital signs and determining
the BIS value, midazolam 0.05 mg kg~! (Teva Takeda
Pharma, Aichi, Japan) was administered intravenously
in approximately 1 min. Five minutes after initial mid-
azolam administration, the Ramsay score was recorded
by a dentist anesthesiologist (Y. K.) in all cases. The same



Kosaki et al. Molecular Brain (2024) 17:70

variables as baseline were also recorded. If SpO, was less
than 90%, then a jaw thrust maneuver was performed to
maintain the patient’s airway, and supplemental oxygen
was supplied via a nasal cannula. Any adverse events,
including airway obstruction, desaturation, apnea, and
unstable hemodynamic, were recorded.

Buccal swab sampling and saying a word occurred
immediately after Ramsay score recording. Buccal swab
samples were collected for genotyping from either left or
right buccal mucosa, and the patients were told a word
twice by the dentist anesthesiologist (Y. K.). The word
was selected in a randomized manner from the following
words (in Japanese): apple, banana, grape, orange, and
peach. After data collection, the dental procedure began.
The level of sedation was adjusted by the attending den-
tist anesthesiologist using midazolam with or without
propofol. After finishing the procedure, the patients were
moved to the recovery room. Amnesic effects, namely
the memories of buccal swab sampling and saying a
word, were assessed 30 min after confirming that the
patients were near their baseline level of consciousness.
The patients were considered to have anterograde amne-
sia if they recalled neither the word nor the left or right
side where the buccal swab samples were collected.

DNA genotyping

Total genomic DNA was extracted from buccal mucosa
samples using the QIAamp DNA Micro kit (Qia-
gen, Hamburg, Germany) according to the manufac-
turer’s instructions. The extracted DNA was stored
at 4 °C until analysis. After all of the clinical data were
collected, genotyping was performed on an Infinium
Asian Screening Array-24 v1.0 BeadChip (Illumina, San
Diego, California, USA) according to the manufacturer’s
instructions. Genotypes were called using GenomeStu-
dio v2.0.5 with the Genotyping v2.0.5 module (Illumina).
Quality control was performed for the DNA samples and
genetic markers. Samples were excluded if the sample call
rate was less than 97%. Genetic markers were excluded if
each quality metric did not meet the hard cutoff thresh-
olds that are recommended by Illumina, including call
frequency<97%, Cluster Sep<0.3, AA R Mean<0.2, AB
R Mean<0.2, and BB R Mean<0.2. The other multi-vari-
able metrics were higher or lower than the hard cutoff
values. In addition to the quality control criteria, variants
with a minor allele frequency less than 5% (i.e., rare and
low-frequency variants) were filtered out from statistical
analyses.

Sample size

Although no data on genome-wide genetic variants or
the sedative effect of midazolam were available, we per-
formed a priori power analysis using Quanto 1.2.4 [15]
based on Cohen’s small, medium, and large R* effect sizes
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of 0.02, 0.13, and 0.26, respectively [16]. The type I error
rate, adjusted for multiple testing, was set at 7.6x1078
(0.05/660,000) because the Infinium Asian Screening
Array-24 v1.0 BeadChip contains approximately 660,000
markers. Based on a two-sided a error rate of 7.6x1078
and statistical power of 0.8, the sample sizes were calcu-
lated as 1,914 for a small effect size, 278 for a medium
effect size, and 128 for a large effect size. We sought to
recruit at least 128 patients during the 1-yr exploratory
study period to examine strong genetic associations with
the sedative effect of midazolam.

Statistical analysis

We used two parallel approaches in this study. First,
we tested all genetic variants using the genome-wide
approach. Second, we tested variants of genes that are
related to midazolam sensitivity using the candidate gene
approach. For the candidate gene analyses, we focused on
GABA, receptors. Although there are 19 GABA, recep-
tor subunits (al-6, p1-3, y1-3, §, & 0, m, and pl-3),
the o4, a6, 1, and p subunits are insensitive to classic
1,4-benzodiazepines [17-21]. Thus, we chose genes that
encode the al, 2, 3, 5, p1-3, y1-3, §, ¢, and O subunits
in humans for candidate gene analyses. We selected
372 SNPs of 13 genes (GABRAI, GABRA2, GABRA3,
GABRAS5, GABRB1, GABRB2, GABRB3, GABRGI,
GABRG2, GABRG3, GABRD, GABRE, and GABRQ) as
the candidate SNPs.

Multivariate linear regression analyses were conducted
to investigate the association between genotypes and
Ramsay sedation scores as an index of the sedative effect
of midazolam. Ramsay scores were used as numeric phe-
notype values for the dependent variable. Genotypes
were used for independent variables. Age, sex, and body
mass index (BMI) were included as covariates to adjust
potential confounding factors in the linear regression
models. Additive, dominant, and recessive genetic mod-
els were used for the analyses. Genetic variants on the X,
Y, and mitochondrial chromosomes (except for the pseu-
doautosomal region) were excluded from the analyses
of the dominant and recessive models. Values of P were
adjusted for multiple testing with false discovery rate cor-
rection (Q value) [22]. Statistical significance was set at a
Q value less than 0.05. Deviations from Hardy-Weinberg
equilibrium were tested using Fisher’s exact test at a type
I error rate of 0.001.

Additional analyses were performed for genetic vari-
ants that had a Q value less than 0.05 in the genome-
wide association analyses and candidate gene analyses.
To explore the association between the amnesic effect of
midazolam and genetic variants, multivariate binominal
logistic regression analyses were conducted using the
covariates age, sex, and BMI. The presence of antero-
grade amnesia was used as the phenotype value for the
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dependent variable. Genotypes were used for indepen-
dent variables. The genetic models that were used for the
analyses were the same as the linear regression analyses.
Statistical significance was set at a P value less than 0.05
after correcting for multiple testing using Bonferroni
adjustment.

All of the statistical analyses were performed using
PLINK 1.90 beta 6.18 [23, 24]. All of the tests were two-
tailed. According to the PLINK sample information file
format, the presence of anterograde amnesia was coded
as the following: 1 (patients with recall [‘control’]) and
2 (patients with amnesia [‘case’]). Male and female were
also coded as 1 and 2, respectively. Continuous variables
are presented as means (standard deviation) or medians
(interquartile range). Categorical variables are described
as numbers with percentages. Effect size estimations are
reported as regression coefficient () or odds ratio (OR)
with 95% confidence intervals (ClIs).

Assessed for eligibility (n = 262)
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Results

The flowchart of this study is presented in Fig. 1. Of the
262 patients who were recruited, 191 were included in
the final analyses. Demographic and intraoperative data
of the remaining 191 patients are summarized in Table 1.
The median Ramsay score 5 min after the initial mid-
azolam administration was 3 (interquartile range, 2 to
4). Anterograde amnesia occurred in 132 patients (69%).
Adverse events after the initial midazolam administra-
tion occurred in 25 patients (13%) for airway obstruc-
tion and four patients (2%) for transient apnea. Of these
29 patients, the median Ramsay score was 4 (interquar-
tile range, 4 to 5). The mean age was 41 years (range,
22 to 58 years). The mean BMI was 24.5 (range, 18.7 to
33.8), and there were 21 males. Although 14 of these 29
patients (7%) resulted in desaturation (SpO, less than
90%), all of them recovered immediately after the airway
maneuver, being supplied with supplemental oxygen and/
or taking deep breaths. All of the DNA samples were suc-
cessfully genotyped at a call rate of more than 97%. The

Excluded (n = 25)

» ASA physical status Ill or higher (n = 5)
* Psychotropic drug use (n = 18)

* Chinese descent (n = 2)

Excluded (n = 46)

» Withdrawn consent (n = 3)

Cancelled or postponed dental procedure (n = 29)
Dental procedure performed without sedation (n = 4)
No reliable baseline BIS values (n = 9)

* Incidence of hyperventilation before sedation (n = 1)

>
\ 4
Consent to participate (n = 237)
> .
v
Genotyping (n = 191)
>

Excluded (n = 0)
+ Sample call rate <97% (n = 0)

\ 4
Included in the analyses (n = 191)

Fig. 1 Flowchart of the present study. ASA, American Society of Anesthesiologists; BIS, Bispectral index
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Table 1 Patient characteristics

Age, yr (range) 37 (20-60)
Sex, male/female 77/114
Height, cm 16449
Weight, kg 59+12
BMI, kg m~2 218436
ASA physical status, I/l 118/73
Type of dental procedure, n (%)

Oral surgery 153 (80)

Dental restoration 33(17)

Prosthodontics 5()
Indications for sedation, n (%)

Deeply impacted third molar extraction 69 (36)

Dental phobia 67 (35)

Gagging problem 35(18)

History of vasovagal reflex 11(6)

Other 9(5)
Duration of procedure, min 33421
Duration of sedation, min 47 +21
Additional midazolam use, n (%) 93 (49)
Total midazolam dose, mg 35+09
Propofol use, n (%) 121 (63)
Total propofol dose, mg 106+82
MAP, mm Hg

Baseline 9234153

After midazolam dose 840+122
Pulse rate, beats min~'

Baseline 7944145

After midazolam dose 824+13.1
Sp0,, %

Baseline 985+13

After midazolam dose 96.6+2.0
BIS value

Baseline 963+2.38

After midazolam dose 76.7+8.1
Ramsay sedation scale, n (%)

Score 1 14(7)

Score 2 43 (22)

Score 3 57 (30)

Score 4 5127)

Score 5 23(12)

Score 6 3(2)
Presence of amnesia, n (%) 132 (69)
Adverse events, n (%)

Airway obstruction 25(13)

Transient apnea 4(2)

Desaturation 14 (7)

The data are expressed as mean+SD or number (%). The Ramsay sedation score
was recorded 5 min after the initial midazolam administration. BMI, body mass
index; ASA, American Society of Anesthesiologists; MAP, mean arterial pressure;
BIS, Bispectral index
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mean sample call rate was 99.46% (range, 98.90-99.81%).
Of the 659,184 markers on the microarray, 651,087 met
the quality control criteria. After minor allele frequency
filtering, 314,148 SNPs and 256 insertion—deletions
remained.

Genome-wide association analyses

A total of 314,148 SNPs and 256 insertion—deletions
were used for the linear regression analysis in the addi-
tive model. Among them, 14,647 SNPs and 4 insertion—
deletions on the X, Y, and mitochondrial chromosomes
were excluded from the dominant and recessive mod-
els. A total of 299,501 SNPs and 252 insertion—deletions
were used for the analyses using the dominant and reces-
sive models.

None of the SNPs and insertion—deletions were sig-
nificantly associated with Ramsay sedation scores in the
genetic models (Fig. 2). All of the genetic variants with
P values less than 0.0001 are listed in Table S1 (Addi-
tional file 1). The quantile-quantile plots did not show
large deviations from the null hypothesis of a uniform
distribution, suggesting minimal confounding effects
from population stratification (Fig. S1, Additional file 2).
Of the genetic markers that were analyzed, rs9323838
SNP on chromosome 14 had the strongest association
with Ramsay sedation scores in the recessive model (8 =
- 0.95 [95% CI, —1.36 to —0.55], nominal P=6.8x10°),
although the association was not statistically significant
(Q=0.855). Of the 314,148 SNPs, 261 on autosomal chro-
mosomes and 300 on sex chromosomes showed devia-
tion from Hardy-Weinberg equilibrium (P<0.001; data
not shown).

Candidate gene analyses

Using the candidate gene approach, 372 SNPs of 13 genes
were tested. Among these, two SNPs were significantly
associated with Ramsay sedation scores in the additive
and dominant models (Table 2; see Table S2, Additional
file 3, for a list of all results from the candidate gene
analyses): rs73247636 (additive model: =0.64 per G
allele [95% CI, 0.31 to 0.97], Q=0.039; dominant model:
=0.72 [0.34 to 1.10], false discovery rate P=0.047), and
rs56278524 (additive model: 5=0.63 per G allele [0.32
to 0.93], Q=0.035; dominant model: 5=0.73 [0.37 to
1.10], Q=0.035), both of which were polymorphisms of
GABRBI. Table S3 summarised regression coefficients of
the covariates which were included in these regression
models (Additional file 4). All the observed genotype fre-
quencies of the candidate genes were in Hardy-Weinberg
equilibrium (P>0.001, Table S2, Additional file 3).

Additional analyses of rs73247636 and rs56278524
Only two SNPs, rs73247636 and rs56278524, had a Q
value less than 0.05 in the genome-wide association
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Fig. 2 Manhattan plots of the genome-wide association analyses of the Ramsay sedation score in (a) the additive model, (b) the dominant model and
(c) the recessive model. The —log,4(P) values are plotted for all variants across the chromosomes. The blue lines indicate the genome-wide significance
threshold (P=0.05/314,404 [1.59x 10~ 7] in the additive model; P=0.05/299,753 [1.67x 10~ /] in the dominant and recessive models). Chromosome 0
indicates unmapped or multiple mapped single-nucleotide polymorphisms based on Genome Reference Consortium Human Build 38. XY, pseudoauto-
somal region; MT, mitochondrial DNA

analyses and candidate gene analyses (Table 2). The
Bonferroni-corrected threshold was set at a P value less
than 0.05/2. Both rs73247636 and rs56278524 were sig-
nificantly associated with the presence of amnesia in the

additive and dominant models (Table 3 and Table S4,
Additional file 5). Anterograde amnesia occurred more
often in carriers of the minor G allele of rs73247636
(OR, 8.39 [95% CI, 2.36 to 29.85]; adjusted P=0.002) and
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Table 3 Association between GABRB! polymorphisms and the amnesic effect of midazolam
Additive Model Dominant Model
Patients with Amnesia/Recall, n OR 95% Cl P OR 95% Cl P

rs73247636 genotype 744 2.18-2539 0.0014 839 2.36-29.85 0.0010

A/A 99/56

A/G 29/3

G/G 4/0
1s56278524 genotype 13.19 3.02-57.62 0.0006 15.26 342-68.07 0.0004

A/A 94/56

A/G 33/2

G/G 5/0

The recessive tests were not conducted because of insufficient homozygous samples of the minor alleles for the logistic regression analyses. Odds ratios were
calculated with the major allele as the reference. OR, odds ratio; Cl, confidence interval

rs56278524 (OR, 15.26 [3.42 to 68.07]; adjusted P<0.001)
compared with homozygous carriers of the major allele
based on the dominant model. Genotypes and detailed
information of the 29 patients who presented adverse

effects of midazolam are shown in Table S5 (Additional
file 6).

Discussion

In the present study, we comprehensively investigated the
association between genetic variants and interindividual
differences in the sedative and amnesic effects of mid-
azolam. We found that the GABRBI SNPs rs73247636
and rs56278524 were significantly associated with both
the sedative and amnesic effects of midazolam in the
candidate gene analyses, whereas we did not identify any
novel candidate genes using the genome-wide approach.
Carriers of the minor G allele of rs73247636 and
rs56278524 were more deeply sedated than carriers of
homozygous major alleles (Table 2). Moreover, patients
with anterograde amnesia were frequently carriers of the
minor G allele of these single-nucleotide polymorphisms
compared with homozygous major alleles (Table 3).
These results suggest that carriers of the minor G allele
of rs73247636 and rs56278524 were more sensitive to the
effects of midazolam than non-carriers.

The rs73247636 and rs56278524 polymorphisms are
located in the third intron region of the GABRBI gene,
which encodes the GABA , receptor 1 subunit, on chro-
mosome 4 according to the human reference genome
GRCh38.p12. According to the Genotype-Tissue Expres-
sion Consortium, the rs73247636 SNP significantly
affects mRNA expression of the GABRBI gene in the
human peripheral tibial artery [25, 26]. Unclear are the
ways in which these intronic variations lead to changes
in the severity of both the sedative and amnesic effects
of midazolam. One possibility is that the modification
of mRNA expression may affect the physiological and
pharmacological properties of the 1 subunit of GABA ,
receptors. Human genetic association studies have dem-
onstrated that the GABRBI gene is associated with
bipolar disorder, schizophrenia, alcohol dependence,

and alterations of brain function [27-30]. Mutations of
Gabrbl caused spontaneous GABA ion channel open-
ing in vitro and increased alcohol consumption in mice,
which were more sensitive to the sedative and ataxic
effects of ethanol [31]. However, the ways in which
genetic variations of the GABRBI gene affect phenotypic
differences remain to be elucidated.

The functions of GABA, receptor subunits have been
investigated in studies of mutant mice [12]. The sedative
and anterograde amnestic effects of diazepam were medi-
ated by GABA , receptors that contain ol subunits [32].
Hence, the sedative and amnesic effects of midazolam are
presumably mediated by al-containing GABA, recep-
tors. In humans, a previous study [10] suggested that the
rs4263535 SNP of the GABA , receptor al subunit gene
(GABRA1) was associated with deeper sedation by intra-
venous midazolam. Contrary to our expectation, none of
the GABRA1 polymorphisms, including rs4263535, were
associated with the sedative effect of midazolam in the
present study (Table S2, Additional file 3). Benzodiaz-
epine binding sites are located between the o and y sub-
units, whereas GABA binding sites are located between
the a and P subunits [12]. Benzodiazepines allosterically
modulate GABA , receptors to increase the frequency of
chloride channel opening [33]. One possible interpreta-
tion of our results is that interindividual variability in the
sedative effect of midazolam is attributable to GABAergic
pathways and not to the positive allosteric modulation of
GABA  receptors that is mediated by midazolam. Inter-
estingly, sensitivity to the sedative and hypnotic effects
of diazepam increased in GABA, «l subunit knockout
mice, whereas the duration of the midazolam-induced
loss-of-righting reflex decreased in GABA, B3 subunit
knockout mice [13]. No GABA, B1 subunit knockout
mice have yet been generated. Thus, our findings refocus
attention on the pharmacological role of the $1 subunit.

Previous studies investigated the physiological func-
tions of Bl subunit-containing GABA, receptors. A 31
subunit-specific antagonist reduced the sedative-hyp-
notic effect of diazepam in mice, but it did not alter the
sedative-hypnotic effect of propofol, which activates p1-,
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B2-, and P3-containing GABA, receptors [34]. These
findings are consistent with our candidate gene analy-
sis results. Moreover, pl-containing GABA, receptors
modulate the histaminergic sleep pathway in the poste-
rior hypothalamus [35]. An increase in the phosphoryla-
tion of B1 subunits was associated with the inhibition of
GABAergic currents in vitro, modulated by the orexin-
mediated pathway, which regulates sleep and wakeful-
ness [36]. These findings indicate that f1 subunits may
be involved in regulating sleep and wakefulness. Further-
more, although the sedative effect of diazepam is medi-
ated by al-containing GABA, receptors, al subunits
appear to not be involved in the hypnotic effect of diaz-
epam because the diazepam-induced changes in sleep
electroencephalograms were mediated by GABA , recep-
tors that did not contain ol subunits [37]. Given these
results, Bl subunits may be associated with the hyp-
notic effect of midazolam rather than its sedative effect,
although the hypnotic and sedative effects of midazolam
are clinically indistinguishable.

The present study has several limitations. First, the
sample size was not strictly calculated. This was an
exploratory study that performed genome-wide genetic
analyses. The sample size was relatively small for
genome-wide association studies. Further studies are
needed to validate our findings with an appropriate sam-
ple size. Second, the results of the presence of amnesia
might be affected by the total doses of midazolam and
propofol, duration of the dental procedure, and the type
of dental procedure. Although unclear was how much
propofol was necessary to induce retrograde amnesia,
all of the patients were able to recall our instructions
that were given before sedation. Additionally, the Ram-
say score results should be independent of these factors
because Ramsay scores that were used in the analyses
were evaluated only before the dental procedures. Third,
we did not use the objective measure of BIS values in the
analyses because BIS correlated poorly with the depth of
sedation with midazolam [38—40]. The level of sedation
was assessed by one dentist anesthesiologist. Addition-
ally, genome-wide genotypes of each patient were inevi-
tably blinded. Although possible confounding effects and
bias could be expected, we adjusted for potential con-
founders as covariates.

In conclusion, we found that the rs73247636 and
rs56278524 SNPs of the GABRBI gene were associated
with interindividual differences in the sedative and amne-
sic effects of midazolam. Patients who carried minor
alleles of these polymorphisms may have greater sensi-
tivity to midazolam. Future studies are needed to explore
the mechanism that underlies the association between
GABRBI genetic variants and interindividual variability
in midazolam sensitivity.
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