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Abstract
Background: Ritodrine, a tocolytic β2-agonist, has been used extensively in Europe and Asia despite its safety concerns.
This study was designed to identify associations between β2-adrenergic receptor (ADRB2) polymorphisms and adverse
drug events (ADEs) in patients with preterm labor treated with ritodrine.
Results: This follow-up study was prospectively conducted at Ewha Womans University Mokdong Hospital in Korea. Five
single nucleotide polymorphisms (SNPs) of the ADRB2 gene (rs1042713, rs1042714, rs1042717, rs1042718, and rs1042719)
were analyzed in 186 pregnant women with preterm labor. Patients with the AA genotype of rs1042717 had
significantly lower incidence of ADEs compared to those with the G allele (p = 0.009). In multivariate analysis,
one of the predictors of ADEs was the maximum infusion rate of ritodrine (AOR 4.47, 95% CI 1.31–15.25).
Rs1042719 was also a significant factor for ritodrine-induced ADEs. The CC genotype carriers had 78% decreased risk of
ADEs compared to those with other genotypes.
Conclusions: This study demonstrates that ADEs induced by ritodrine are associated with ADRB2 gene polymorphisms,
as well as the infusion rate of ritodrine in pregnant women with preterm labor.
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Background
Preterm birth, defined as birth that occurs before the
completion of 37 weeks of pregnancy, is known as the primary cause of perinatal mortality and morbidity [1]. In
addition, it is also the second most frequent cause of infant mortality, ranking only behind birth defects [2]. The
mechanisms of preterm labor are not well explained.
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Reasons for spontaneous preterm labor may involve
mechanical and genetic factors, the inflammatory response, stress, infection, and hemorrhage [3].
Tocolytics are often used to prolong pregnancy when
preterm labor occurs. One particular tocolytic that has been
used extensively is the β2-agonist. The β2-adrenergic receptor (ADRB2) is predominant in the human myometrium
[4]. Beta-2 agonists such as ritodrine inhibit myometrial
contractions by stimulating adenylyl cyclase activity via
ADRB2. In this way, cytosolic cyclic adenosine monophosphate (cAMP) is generated, which activates protein kinases
and phosphorylates cytosolic and membrane proteins. Consequentially, there is reduced interaction between actin and
myosin, which is the key factor of cell contraction [5].
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Despite the therapeutic usefulness of β2-agonists, they
have lost popularity because of safety concerns. Several
studies have compared β2-agonists to other tocolytics,
such as oxytocin antagonists and calcium channel
blockers. There were no differences in efficacy such as
delay in delivery; however, there were differences in the
incidence rates of adverse drug events (ADEs), especially
cardiovascular side effects [6–8]. The ADRB2 plays a
pivotal role on the regulation of heart rate, contractility,
vasodilation, and bronchodilation. It is also involved in
smooth muscle relaxation of the myometrium. The
ADEs induced by β2-agonists not only include tremors,
dyspnea, headaches, and palpitations, but also adverse
cardiac events, such as tachycardia, elevated systolic
blood pressure, chest pain, and myocardial ischemia.
Due to the ADE issues, it was withdrawn in the USA in
1998. However, it is still being used in Asian and European
countries.
Various factors, including maternal age, concurrent
medications and clinical factors can affect the efficacy
and safety among patients treated with β2-agonists. Genetic polymorphisms have been implicated as additional
factors affecting drug effectiveness and ADEs. There are
several candidate genes that may explain the variation in
β2-agonist effects. Most prior studies were conducted in
respiratory or cardiovascular diseases [9–11].
The human ADRB2 gene on chromosome 5 is abundantly expressed in cardiac myocytes and vascular
smooth muscle cells. It has three major missense polymorphisms, which encode amino acids 16, 27, and 164
of the extracellular N-terminus of the β2-adrenoceptor
[12, 13]. A previous in vivo study revealed that the genetic variants in ADRB2 could be a predictive marker for
the responsiveness of β2-agonists [13]. In our previous
clinical study, we also found that the rs1042719 polymorphism had a significant effect on time to delivery in
both univariate and multivariate analyses; compared to
the wild-type homozygote carriers, the GC and CC
carriers showed a 64% decrease in time to delivery [14].
In terms of safety, the polymorphism of Arg16Gly
(rs1042713) appeared to be associated with ADEs in

asthmatic patients treated with short acting β2-agonists
[15]. However, no prior studies have addressed the association between genetic polymorphisms and ADEs in
patients with preterm labor treated with β2-agonists.
Therefore, we sought to evaluate the relationship between ADRB2 polymorphisms and ADEs in pregnant
women with preterm labor treated with ritodrine.

Results
A total of 216 women were hospitalized for threatened
preterm labor and were treated with ritodrine. Patients
who had already experienced severe symptoms requiring
urgent surgery (N = 14), a plan for the McDonald operation (N = 8), or underlying cardiovascular diseases
(N = 8) were excluded. A total of 186 patients were ultimately enrolled in our study.
Table 1 displays the demographic and clinical characteristics of the study population stratified by ADE occurrence. The mean maternal age was 30.9 (±4.7) years, and
the mean gestational age at the time of hospitalization
was 29.6 (±3.9) weeks. Multiple gestation pregnancies
were observed in 8.6% of the study population. ADEs
occurred in 33 patients (17.7%). Most ADEs included
tremor, palpitations, dyspnea, and tachycardia, along
with one case of pulmonary edema. With the exception
of the maximum infusion rate, there was no significant
difference between the two groups. The infusion rate
was lower in the group with no adverse events than in
the group with adverse events (P = 0.006).
The effects of 5 SNPs of the ADRB2 gene on ADEs
were evaluated (Table 2). Minor allele frequencies
(MAFs) in our study population ranged between 10 and
47%. All of the allele frequencies were consistent with
the Hardy-Weinberg equilibrium. The two polymorphisms (rs1042718 and rs1042717) were in linkage disequilibrium (LD) in this study population (r2 = 0.98). In
univariate analysis, rs1042717 (G > A), rs1042718
(C > A), and rs1042719 (G > C) were significantly associated with ADEs. In variant homozygous carriers of
rs1042717 (as well as rs1042718), ADEs were not identified. In contrast, ADEs were found in 20.4% of wild

Table 1 Demographic and clinical characteristics of the study population
Characteristics

Total (n = 186)

Adverse Event Group (n = 33)

No Adverse Event Group (n = 153)

P-value

Age, years

30.88 ± 4.70

31.21 ± 3.45

30.81 ± 4.48

.635

Body mass index, kg/m2

24.50 ± 3.19

24.97 ± 2.98

24.40 ± 3.23

.354

Gestational age at start of therapy, weeks

29.60 ± 3.91

28.97 ± 4.23

29.74 ± 3.85

.308

Maximum infusion rate, mg/min

0.083 ± 0.030

0.096 ± 0.044

0.080 ± 0.026

.006

Twin or multiple gestation

16 (8.6)

4 (12.1)

12 (7.2)

.491

Diabetes mellitus

13 (7.0)

3 (9.1)

10 (6.5)

.729

Uterine infection

15 (8.1)

1 (3.0)

14 (9.2)

.475

Comorbid conditions, N (%)

Data are expressed as means ± SDs, unless otherwise specified
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Table 2 The occurrence of adverse drug events according to the grouped genotypes of ADRB2
Gene
Polymorphisms

Minor Allele
Frequency

rs1042713 A > G 0.47
Arg16Gly
rs1042714 C > G 0.10
Gln27Glu

Grouped
Genotypes

Number of
Patients

Patients with
ADE (#)

Patients without
ADE (#)

Odds Ratio (95% Confidence P-value
Interval)

AA, AG

145

29

116

1

.167

GG

41

4

37

0.432 (0.143–1.311)

CC

151

25

126

1

.461

CG, GG

35

8

27

1.493 (0.608–3.666)

rs1042717 G > A 0.36
Leu84Leu

GG, GA

162

33

129

1

AA

24

0

24

0.843 (0.787–0.903)

rs1042718 C > A 0.36
Arg175Arg

CC, CA

162

33

129

1

rs1042719 G > C 0.46
Gly351Gly

.009
a

.009
a

AA

24

0

24

0.843 (0.787–0.903)

GG, GC

146

31

115

1

CC

40

2

38

0.195 (0.045–0.854)

.018

a

Data were expressed as relative risks
ADE Adverse Drug Event

allele carriers (p = 0.009). Variant homozygous carriers
of rs1042719 had a lower incidence rate of ADEs than
did those with the G allele (p = 0.018).
The maximum infusion rate of ritodrine (AOR 4.47,
95% CI 1.31–15.25) and the presence of ADRB2
rs1042719 were both significant predictors of ADEs
(Table 3). After adjusting for related covariates, carriers
of the CC genotype in rs1042719 had approximately
80% lower incidence of ADEs than did those with other
genotypes. The Hosmer–Lemeshow test showed that the
fitness of the model was satisfactory (χ2 = 14.69,
p = 0.07).

Discussion
The central findings of this paper are that the ADRB2
gene polymorphism (rs1042719) may decrease ADEs
induced by ritodrine and the maximum infusion rate of
ritodrine can increase the incidence of ADEs.
The first issue to consider is the mechanism by which
ritodrine—and β2-agonists in general—induces ADEs.
Such ADEs depend on the specificity of β2-agonists to
the myocardium or their selectivity to ADRB2. In the
former case, stimulation of β1-adrenergic receptors
(ADRB1) in the heart results increases cardiac output by
Table 3 Potential predictors of adverse drug events
Variables

Age

Adjusted
Odds
Ratio

95% Confidence Interval
Lower

Upper

.999

.900

1.124

P-value

.994

BMI

1.063

.944

1.198

.315

Maximum Infusion Rate
(mg/min)

4.471

1.311

15.251

.017

0.048

.952

ADRB2 rs1042719
GG, GC

1

CC

.215

.043

increasing stroke volume and heart rate. In the latter
case, ADEs are caused by the lack of uterine selectivity
of β-agonists [9, 16]. Stimulation of ADRB2 in the vasculature causes relaxation, which leads to hypotension
and further tachycardia [17].
However, previous studies have shown conflicting results regarding the mechanism by which ritodrine causes
cardiac ADEs. Using animal models, Inoue et al. showed
that ritodrine was 40-fold more selective to ADRB2 than
to ADRB1 [18]. However, an early clinical study on ritodrine suggested that ritodrine in clinical doses for inhibiting premature labor may lose its β2 selectivity [19].
Furthermore, Inoue et al. also suggested that ritodrine was
relatively more selective to the uterine compared to the
atrium (43-fold greater) [18]. On the other hand, another
study found that intravenous ritodrine infusion decreased
vagal cardiac baroreflex sensitivity and vagal heart rate
modulation, thereby leading to an increase in the mean
heart rate in pregnant women [20]. As such, the debate
involving the mechanisms underlying ritodrine-induced
ADEs seems to need further relevant research.
As previously mentioned, it is worth assessing the possibility of ADRB2 stimulation leading to vasodilation,
which could then cause hypotension and ultimately
result in the advent of ADEs. In particular, the effect of
gene polymorphisms should be addressed in this context. In this issue, previous studies have focused on a
SNP with substitution of glycine (Gly) for arginine (Arg)
at amino acid position 16 (rs1042713). Systemic infusions of selective β2-agonists have shown to result in
greater vasodilation in Arg16 than Gly16 homozygotes
[21, 22]. Our study suggested similar results, demonstrating that the wild type allele of rs1042713 was associated with an increased rate of ADEs, although statistical
significance was not obtained.
Candidate SNPs that were utilized in this study were
selected from both previous research and the Haploview
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Program. Litonjua et al. identified three major ADRB2
gene polymorphisms that influence the ADRB2
response; Arg16Gly (rs1042713), Gln27Glu (rs1042714),
and Thr164Ile (rs1800888); all three are missense mutations [13]. Among these, variants of rs180088 were not
found in the Asian population [23], and thus only
rs1042713 and rs1042714 were included in this study. In
addition, candidate SNPs were selected through Haploview, first by filtering for those with minor allele frequencies (MAFs) of ≥20% in the Japanese and Han
Chinese populations and second by constructing LD
blocks (Fig. 1). The MAF criterion was adopted to
ensure statistical power, since the inclusion of polymorphisms with lower MAFs could hinder statistical validity.
In result, three additional SNPs (rs1042717, rs1042718,
and rs1042719) were identified, and ultimately, a total of
five SNPs were genotyped in this study.
Among the studied SNPs, rs1042717, rs1042718 and
rs1042719 are synonymous polymorphisms, and these
were significantly associated with ADE occurrence after
ritodrine therapy in our population. While it was expected that synonymous SNPs would be insignificant,
recent studies have suggested that they could affect molecular processes. Synonymous SNPs were shown to
have a substantial effect on mRNA translation rates and
gene expression, resulting in different protein isoforms
and post-translational modifications [24, 25]. Therefore,
it would be unwise to ignore the possible role of synonymous SNPs in our study as well.
In order to identify the characteristics involved in the
occurrence of ADEs to ritodrine, multivariate logistic

Fig. 1 Linkage disequilibrium patterns and relative position of rs
1,042,717, rs1042718, and rs1042719 in study patients
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regression analysis was performed based on the univariate results (p < 0.1). We also included age and body
mass index, which are strong confounders in clinical
studies. In the final model, maximum infusion rate
(reflecting the maximum dose) and genetic variation of
rs1042719 were significantly related to ADE occurrence
with ritodrine.
One of the predictors of ritodrine-induced ADEs, the
infusion rate, is known to be significantly correlated with
increased heart rate, possibly secondary to decreased
baroreflex sensitivity [20]. In this study, ritodrineinduced ADEs were significantly correlated with the
maximum infusion rate (mg/min) as a continuous variable (p = 0.006). Further analysis identified that patients
who received ritodrine at an infusion rate of 0.15 mg/
min or higher had a 6.9-fold increased risk of ADEs
compared to those with an infusion rate < 0.15 mg/min.
However, total amount of ritodrine was not significantly
different between the two groups, although adverse
event group (9894.9 ± 12,823.7 mg) showed higher dose
than no adverse event group (7158.8 ± 10,385.6 mg)
(p = 0.19). This was explained because the ritodrine
administration was ceased or infusion rate was reduced
when ADEs occurred.
On the other hand, the other predictor, namely the
SNP rs1042719, has been seldom emphasized in previous literature. Perhaps the nature of rs1042719 as a synonymous polymorphism had caused such scarcity of
relevant research; however, as mentioned before, there
have been several papers hinting at the possible significance of synonymous polymorphisms [24, 25]. Furthermore, in our prior study on the efficacy of ADEs,
rs1042719 had been once again identified as a significant
factor, suggesting that this SNP might have a profound
effect on the mechanisms of ritodrine. Therefore, it
would be prudent to delve into the role of rs1042719,
particularly in light of our results.
In univariate analysis, carriers of rs1042717 variants
(rs1042718) had a significantly lower incidence rate of
ADEs than did wild type carriers. However, this SNP
was excluded in multivariate analysis, because there was
no patient with variant type homozygote in the adverse
event group. Therefore, the calculation of an odds ratio
was unavailable.

Conclusions
The rs1042719 polymorphism of the ADRB2 gene and
the maximum ritodrine infusion rate were associated
with ritodrine-induced ADEs including tachycardia,
tremor, palpitations, dyspnea, and pulmonary edema.
The polymorphism of rs1042719 was also found to be a
significant factor for time to delivery after ritodrine administration in our previous study; patients with CC
genotype showed decreased efficacy [14]. Therefore,
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these results could help clinicians consider both efficacy
and safety in pursuing personalized ritodrine therapy
with genetic polymorphisms. However, this study was
limited by its inclusion of a single center and the small
sample size. Therefore, in the future, larger studies incorporating patients of different ethnicities would be
needed to clarify the role of ADRB2 gene polymorphisms in ADE occurrence.

Methods
Patients and data collection

This study is a prospective follow-up study which was
conducted between January 2010 and February 2014, at
Ewha Womans University Mokdong Hospital. The Ethics Committee and Institutional Review Board (IRB
number: 217–1-26) approved this study. Data collection
and patient inclusion adhered to the study protocol as
described in the previous study [14].
Patients that met the following criteria were eligible
for participation: preterm labor with intact membranes,
gestational age of 20–36 weeks, ≥18 years of age, and
uterine contractions with a frequency of 3 per 10 min
with cervical change. Patients with the following highrisk conditions upon admission were excluded: placental
abruption, fetal distress, severe spontaneous premature
rupture of membranes, pre-eclampsia, and major vaginal
bleeding. Patients with maternal conditions that precluded detection of outcomes, including hyperthyroidism, asthma, and cardiovascular disease, were also
excluded. Patients in whom ritodrine was used to prevent uterine contractions during the Mcdonald operation or who were treated with tocolytics other than
ritodrine were also excluded. Before participation, written informed consent was obtained from every patient.
Ritodrine (Lavopa®; JW Pharmaceutical, Seoul,
Korea) was administered intravenously at an initial
infusion rate of 0.05 mg/min. The infusion rate was
increased by 0.05 mg/min every 10 min until the desirable uterine response was obtained. The intravenous treatment was discontinued during uterine
quiescence. Patients who achieved uterine quiescence
received maintenance therapy with an infusion of
0.05 mg/min for 12–48 h.
The collected patients’ information included maternal
age, body weight, body mass index, gestational age, comorbidity, time of initiation and termination of ritodrine
therapy, ritodrine dose, and type of adverse event. ADEs
were defined as the presence of tachycardia, palpitations,
dyspnea, tremor, or pulmonary edema, which was confirmed by a doctor as ritodrine-induced ADEs. The
study population was divided into two groups based on
the occurrence of ADEs: adverse event group and no
adverse event group.
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Genotyping

Blood samples were collected for genotyping during the admission. Genomic DNA was extracted from ethylenediaminetetraacetic acid-blood samples using the QIAamp
DNA Blood Mini Kit (QIAGEN GmbH, Hilden, Germany)
according to manufacturer’s recommendations. Based on
previous studies, two missense SNPs (rs1042713 and
rs1042714) were selected for genotyping. In addition, genetic information of the ADRB2 genes was incorporated into
the Haploview Program for the selection of ADRB2 SNPs
with a MAF of ≥20% in the Japanese and Han Chinese populations. The linkage disequilibrium blocks were constructed following the D’-method in Haploview [26]. A
total of 5 SNPs (rs1042713, rs1042714, rs1042717,
rs1042718, and rs1042719) were genotyped in this study.
Statistical analysis

In order to identify characteristics associated with ADEs,
we performed univariate analysis using Fisher’s exact test
for categorical data and t-test for continuous variables. A
multivariable logistic regression model was used to identify independent predictors after adjusting other variables
with a p-value <0.1 on univariate analysis in addition to
the well-known confounders of age and body mass index.
For the model’s goodness of fit, a Homer-Lomeshow test
was performed. All statistical tests were conducted with a
two-tailed alpha of 0.05. All analyses were performed
using Statistical Package for Social Sciences Version 20.0
for Windows (SPSS 20.0 K, SPSS INC., Chicago, IL, USA).
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