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Abstract

Background: Ritodrine hydrochloride (RD), a β2-adrenergic agonist, is widely used as a tocolytic medication to
suppress premature labor, but can cause neonatal hypoglycemia, a potentially severe side effect. We examined the
incidence and risk factors of neonatal hypoglycemia following maternal intravenous administration of RD.

Methods: This was a retrospective study of neonates, who had birth weight of ≥2000 g and were delivered at 36
weeks gestation or later in Kanazawa University Hospital from August 2013 to July 2016. We defined neonatal
hypoglycemia as blood glucose level < 50 mg/dL. Neonates who were delivered without maternal intravenous RD
or who were delivered 8 days or more after stopping maternal RD or who received oral RD were defined as the RD
non-administration group, while those delivered within 7 days after stopping maternal RD were defined as the RD
intravenous administration group. We examined the incidence and risk factors of RD-induced neonatal
hypoglycemia by comparing these two groups.

Results: We enrolled 603 neonates in this study; 504 (83.6%) showed no neonatal hypoglycemia, while 99 (16.4%)
exhibited neonatal hypoglycemia. The incidence of neonatal hypoglycemia was significantly higher (61.7%; 58/94)
in the RD intravenous administration group than in the RD non-administration group (8.1%; 41/509) (p < 0.001).
Binomial logistic regression analysis in the RD intravenous administration group showed that maternal age over 35
years (AOR: 3.385; 95% CI, 1.082–10.588, p = 0.036) and the interval to delivery from stopping intravenous
administration of RD (AOR: 0.974; 95% CI, 0.953–0.996, p = 0.020) were independent factors associated with neonatal
hypoglycemia. The cut-off value of the interval to predict the incidence of neonatal hypoglycemia was about 6 h
(sensitivity 82.8%, specificity 63.9%).

Conclusions: The incidence of neonatal hypoglycemia was significantly increased by maternal intravenous
administration of RD. We newly identified maternal age (over 35 years) and the interval to delivery from stopping
intravenous administration of RD (within 6 h) as independent risk factors for neonatal hypoglycemia following
maternal intravenous administration of RD. In cases with these risk factors, careful blood glucose monitoring is
recommended for early detection and treatment of neonatal hypoglycemia.
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Introduction
Ritodrine hydrochloride (RD), a β2-adrenergic agonist, is
widely used as a tocolytic medication to suppress prema-
ture labor [1]. However, it can cause severe and diverse side
effects, including pulmonary edema, agranulocytosis, and
rhabdomyolysis, and the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA) have
recommended discontinuation of oral administration of RD
[2–6]. Moreover, there is evidence that the efficacy of toco-
lytic medication is limited to 48 h [7]. Nevertheless, there is
currently no restriction on administration of RD in Japan,
and either oral or intravenous long-term administration of
RD may be used at the physician’s discretion to prevent re-
currence of premature labor, even after uterine contraction
is suppressed. However, a recent survey of the use of RD in
Japan showed that about 20% of patients (mothers) given
RD encountered adverse events such as liver dysfunction
and rhabdomyolysis [8]. Furthermore, there are some case
reports in Japan describing heart failure in neonates deliv-
ered following maternal administration of RD for more
than 2 weeks [9]. In view of these reports, a survey of the
effects and side effects of magnesium sulfate and RD on ne-
onates delivered between 32 and 36 weeks of gestation is
being conducted by the Japan Society of Perinatal and
Neonatal Medicine. The results of these survey will provide
the basis for a reconsideration of the appropriate therapy in
Japan [10, 11].
Neonatal hypoglycemia is also recognized as one of the

side effects of RD, and can have severe neurological seque-
lae, such as developmental disturbance due to brain dam-
age, convulsions, and cerebral palsy. Previous studies have
found that low birth weight, preterm birth, multiple preg-
nancy, congenital metabolic disorder, maternal diabetes,
and maternal drug treatment (β2-adrenergic agonist, so-
dium valproate, etc.) are risk factors for neonatal
hypoglycemia [12, 13]. In particular, the incidence of neo-
natal hypoglycemia was increased in neonates delivered by
mothers who had received isoxsuprine, while increased
blood insulin and decreased blood glucose were found in
neonates delivered by mothers who had received fenoterol
or terbutaline [14, 15]. Although RD shows high selectivity
for uterine muscle compared with other β2-adrenergic ag-
onists, and is used as the first-line tocolytic medication in
Japan [16], few studies have examined the association be-
tween maternal administration of RD and neonatal
hypoglycemia.
Therefore, the aim of this study was to examine the in-

cidence of neonatal hypoglycemia following maternal ad-
ministration of RD, and to identify the risk factors.

Method
Study design
This retrospective study cohort recruited neonates who
were delivered after 36 weeks of gestation in Kanazawa

University Hospital from August 2013 to July 2016. Ex-
clusion criteria were birth weight < 2000 g, since glucose
is administered immediately after birth in such cases,
and the presence of underlying disease. Since week num-
ber is commonly used to define stages of pregnancy and
in discussing the condition of the mother and fetus dur-
ing pregnancy in clinical practice, we adopted a time
period of one week to divide the two groups in this
study: neonates who were delivered within 7 days after
stopping maternal intravenous RD were defined as
the RD intravenous administration group, and those
who delivered by mothers who did not receive intra-
venous RD or who were delivered 8 days or more
after stopping maternal RD or who received oral RD
were defined as the RD non-administration group.
The reason for including patients who received oral
RD in the latter group was that the dose of oral RD
is small and oral RD was excluded as a risk factor for
neonatal hypoglycemia in this study. We also divided
the cohort in terms of oral RD and magnesium sulfate in
order to evaluate them as risk factors in the same manner as
the RD intravenous administration group. Neonatal
hypoglycemia is defined as a blood glucose level less than 50
mg/dL in the department of Obstetrics and Gynecology at
Kanazawa University Hospital, and neonatal hypoglycemia is
treated with oral lactation or intravenous administration of
glucose.
To identify risk factors of neonatal hypoglycemia, we col-

lected and examined the following data: maternal age, ma-
ternal height, pre-pregnancy body mass index (BMI),
maternal weight gain, presence or absent of maternal dia-
betes, maternal underlying disease, single or multiple preg-
nancy (in this study, only twins; hereafter referred to as
twin births), birth weight, gestational age, neonatal blood
glucose level, usage of other preterm labor drugs, maternal
intravenous administration period of RD, the final adminis-
tration dose rate of RD, and the interval to delivery from
stopping maternal administration of RD. The schedule of
neonatal blood glucose level measurement at our hospital
depends upon gestational age, birth weight, and intravenous
administration or non-administration of RD, as shown in
Table 1.

Table 1 Neonatal blood glucose monitoring

Gestational age/
Birth weight

Intravenous
administration

of RD

After
birth

1 h after
birth

3 h after
birth

< 37 weeks or
< 2500 g

+ 〇 〇 〇

–

37 weeks ≤ and
2500 g ≤

+ 〇 〇

– 〇

RD Ritodrine hydrochloride
Neonatal blood glucose monitoring was carried out at the times indicated by
circles in the table, according to the classification by gestational age, birth
weight, and intravenous administration or non-administration of RD
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This study was approved by the ethics committee of
Kanazawa University of Health (No.2016–146). All ana-
lyses were performed using anonymized date.

Statistical analysis
To examine the risk factors of neonatal hypoglycemia in
all 603 cases, we selected patients’ characteristics previ-
ously reported to be related to the incidence of neonatal
hypoglycemia and compared their occurrence rates in
the no neonatal hypoglycemia group with those in the
neonatal hypoglycemia group using the Mann - Whitney
U - test or Fisher’s exact test. Binomial logistic regres-
sion analysis was also performed to eliminate confound-
ing factors.
To examine the risk factors of neonatal hypoglycemia in

the RD intravenous administration group, a comparative
study of patients’ characteristics in the two groups was
similarly performed, and binomial logistic regression ana-
lysis was also performed. The analysis included parame-
ters for which significant differences were found in the
comparative study. In the analysis, maternal age was cate-
gorized as less or more than 35, because this is defined as
the age of elderly primigravida, according to the Japanese
Society of Obstetrics and Gynecology. A continuous vari-
able that showed statistical significance was analyzed in
terms of the receiver operating characteristic (ROC) curve.
A p value less than 0.05 was considered significant.
All statistical analysis was performed using GraphPad

Prism 6 J (MDF Co., Ltd., Tokyo) or SPSS ver. 24.0 J
(IBM Japan Ltd., Tokyo).

Results
Patients’ characteristics
Table 2 shows the clinical characteristics of the 603 neo-
nates. Median birth weight was 2904 g and number of

twins was 54. Maternal underlying diseases were de-
tected in about half of the mothers. RD was adminis-
tered orally in 85 and intravenously in 94 patients, and
magnesium sulfate was administered in 17 patients. In
all cases, drug dosage and administration were carried
out in compliance with the corresponding package insert
provided in Japan.

Risk factors of neonatal hypoglycemia in all cases
We compared patients’ characteristics previously reported to
be related to the incidence of neonatal hypoglycemia in the
no neonatal hypoglycemia group with those in the neonatal
hypoglycemia group. Significant differences were found in
gestational age, birth weight less than 2500 g, twin birth, and
intravenous administration of RD. Binomial logistic regres-
sion analysis was further performed, and showed that
gestational age (AOR: 0.516; 95% CI, 0.366–0.726, P < 0.001),
birth weight less than 2500 g (AOR: 3.484; 95% CI, 1.856–
6.540, P < 0.001), and intravenous administration of RD
(AOR: 6.595; 95% CI, 3.307–13.153, P < 0.001) were inde-
pendent factors associated with neonatal hypoglycemia
(Table 3). There was no multicollinearity between gestational
age and birth weight less than 2500 g.

Comparison of the incidence of neonatal hypoglycemia in
the RD intravenous administration group and RD non-
administration group
The incidence of neonatal hypoglycemia in the RD intra-
venous administration group (61.7%; 58/94) was signifi-
cantly higher than that in the RD non-administration
group (8.1%; 41/509) (p < 0.001) (Fig. 1).

Risk factors of neonatal hypoglycemia in the RD
intravenous administration group
Significant differences between the RD intravenous ad-
ministration group and the RD non-administration
group were found in maternal age over 35, birth weight
less than 2500 g, twin birth, administration dose rate at
the end of intravenous administration of RD, and inter-
val to delivery from stopping intravenous administration
of RD. In order to eliminate confounding factors, bino-
mial logistic regression analysis including the above five
factors was further performed. Maternal age over 35
(AOR: 3.385; 95% CI, 1.082–10.588, P = 0.036) and the
interval from stopping intravenous administration of RD
to delivery (AOR: 0.974; 95% CI, 0.953–0.996, P = 0.020)
were identified as independent factors associated with
neonatal hypoglycemia (Table 4).

Relationship between the interval to delivery from
stopping intravenous administration of RD and the risk of
neonatal hypoglycemia
We examined the ROC curve for the relationship be-
tween the interval to delivery from stopping intravenous

Table 2 Patients’ characteristics

Cases (n) 603

Maternal age (years) 33 (17 – 47)

Maternal height (cm) 159.0 (140.0 – 177.0)

Pre-pregnancy BMI (kg/m2) 20.3 (14.2 – 38.1)

Maternal weight gain (kg) 9.8 (−10.3 – 22.0)

Birth weight (g) 2904 (2002 – 4336)

Gestational age (wk/day) 38/3 (36/0 – 41/6)

Twin birth (n) 54 (9.0)

Maternal underlying diseases (n) 261 (43.3)

Maternal diabetes (n) 26 (4.3)

Oral administration of RD (n) 85 (14.1)

Intravenous administration of RD (n) 94 (15.6)

Administration of magnesium sulfate (n) 17 (2.8)

Data are expressed as median (min-max) or number (%)
BMI Body mass index, RD Ritodrine hydrochloride
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administration of RD and the risk of neonatal
hypoglycemia. The area under the curve (AUC) was
0.765 (95% CI, 0.658–0.871, P < 0.001), and the cut-off
value was calculated to be 5.75 h. The cut-off value pro-
vided a sensitivity of 82.8%, specificity of 63.9%, positive
predictive value of 78.7%, negative predictive value of
69.7%, and accuracy of 75.5% (Fig. 2).

Discussion
Two mechanisms are reported to be involved in the de-
velopment of neonatal hypoglycemia. One is insufficient
glycogenesis due to insufficiency of glycogen, due to im-
maturity of neonates (e.g., preterm birth or birth weight
less than 2500 g). The other is increased glucose con-
sumption including hyperinsulinemia, and is caused by
maternal diabetes and maternal drug treatment (β2-ad-
renergic agonist, sodium valproate, etc.) [12]. In the case
of maternal administration of β2-adrenergic agonist,

gluconeogenesis is promoted in the maternal liver, and
the maternal blood glucose level rises, resulting in neo-
natal hyperinsulinemia, similar to the case of neonates
in maternal diabetes [15]. In addition, previous studies
have reported that RD easily passed through the
blood-placenta barrier. Van Lierde et al. reported that
the concentration of RD on the fetal side reached about
20 to 30% of that on the maternal side. Gross et al. also
reported that the RD concentration on the fetal side was
higher than that on the maternal side. Fetal RD could
lead to continuous pancreatic β cell stimulation from
the fetal stage through the neonatal period, causing insu-
lin hypersecretion and neonatal hypoglycemia [17–19].
All these results are consistent with our findings that
earlier gestational age, birth weight less than 2500 g, and
intravenous administration of RD are independent risk
factors of neonatal hypoglycemia. On the other hand, al-
though maternal diabetes and oral administration of RD

Table 3 Analysis of the risk factors of neonatal hypoglycemia in all cases (n = 603)

No Neonatal Hypoglycemia Neonatal Hypoglycemia p value AOR 95%CI p value

Case (n) 504 (83.6) 99 (16.4)

Gestational age (wk/day) 38/5 (36/0 – 41/6) 37/1 (36/0 – 41/2) < 0.001 0.516 0.366–0.726 < 0.001

Birth weight < 2500 g (n) 57 (11.3) 47 (47.5) < 0.001 3.484 1.856–6.540 < 0.001

Twin birth (n) 24 (4.8) 30 (30.3) < 0.001 1.645 0.772–3.505 0.197

Maternal diabetes (n) 21 (4.2) 5 (5.1) 0.598 1.272 0.358–4.521 0.710

Oral administration of RD (n) 68 (13.5) 17 (17.2) 0.344 0.806 0.393–1.654 0.557

Intravenous administration of RD (n) 36 (7.1) 58 (58.6) < 0.001 6.595 3.307–13.153 < 0.001

Data are expressed as median (min-max) or number (%)
RD Ritodrine hydrochloride, AOR Adjusted odds ratio, CI Confidence interval

Fig. 1 Incidences of neonatal hypoglycemia in the RD non-administration group and RD intravenous administration group
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were reported to play roles in neonatal hypoglycemia,
we found no significant effects in this study. Possible
reasons for this include the small number of cases with
maternal diabetes (26 cases, 4.3%) in our study, and the
use of lower dosages of oral RD in Japan compared with
those previously used in Europe and the US [7, 20].
In this work, comparison of the two groups indicated that

the incidence of neonatal hypoglycemia is increased about 8
times by intravenous administration of RD. Logistic regres-
sion analysis in RD intravenous administration group re-
vealed that maternal age over 35 and the interval to delivery

from stopping intravenous administration of RD were inde-
pendent risk factors of neonatal hypoglycemia. Generally
maternal age over 35 has been defined as the age of elderly
primigravida, and reported as a risk factor for delivery; also,
greater maternal age is associated with increased probability
of infertility and increased rates of miscarriage, complications
during pregnancy, and congenital anomaly [21, 22]. However,
this is the first report to indicate that the maternal age over
35 years is a risk factor of neonatal hypoglycemia following
maternal intravenous administration of RD. As for the rela-
tionship between the interval to delivery from stopping intra-
venous administration on RD and the risk of neonatal
hypoglycemia, Motai et al. reported that the incidence of
neonatal hypoglycemia increased as the interval to delivery
from stopping intravenous RD administration was shorter
[23]. We examined the cut-off value for the risk of neonatal
hypoglycemia using ROC curve analysis. The AUC was
0.765, indicating moderate predictive ability. The cut-off
value was calculated to be 5.75 h. Overall, these findings indi-
cate that the incidence of neonatal hypoglycemia can be re-
duced by stopping maternal intravenous administration of
RD at least 6 h before delivery.
As regards limitations of our study, it was conducted at

a single center, and was a retrospective cohort study. Al-
though maternal age, maternal height, pre-pregnancy
BMI, maternal weight gain and gestational age showed
similar values to those reported in previous studies [24,
25], the twin birth rate was as high as 9.0% in this study
cohort, while it is about 2.0% in the general population
[26]. This could be a source of bias in our study popula-
tion. In order to confirm these results in the general popu-
lation, and to eliminate various possible biases, a
multicenter and cohort study would be needed. Moreover,
since there is no clear rationale for choosing the time

Table 4 Analysis of the risk factors of neonatal hypoglycemia in the RD intravenous administration group

No Neonatal Hypoglycemia Neonatal Hypoglycemia P value AOR 95%CI P value

Cases (n) 36 (38.3) 58 (61.7)

Maternal age over 35 (n) 7 (19.4) 24 (41.4) 0.042 3.385 1.082–10.588 0.036

Maternal height (cm) 158.5 (140.0 – 169.0) 158.0 (146.0 – 174.0) 0.703

Pre-pregnancy BMI (kg/m2) 20.4 (15.3 – 26.6) 20.3 (17.0 – 33.8) 0.876

Maternal weight gain (kg) 8.0 (1.5 – 18.0) 9.0 (3.0 – 17.5) 0.117

Gestational age (wk/day) 37 /1 (36/0 – 38/4) 37/0 (36/0 – 37/6) 0.598

Birth weight < 2500 g (n) 7 (19.4) 26 (44.8) 0.015 2.479 0.774–7.942 0.126

Twin birth (n) 6 (16.7) 25 (43.1) 0.012 2.417 0.743–7.863 0.143

Administration of magnesium sulfate (n) 4 (11.1) 11 (19.0) 0.393

Administration length (day) 43.5 (0.04 – 134.0) 38.5 (6.0 – 147.0) 0.694

Final administration dose rate (μg/min) 65.0 (33.0 – 192.3) 93.3 (32.1 – 192.3) 0.048 0.999 0.987–1.011 0.878

Interval (hr) 12.5 (0.0 – 154.0) 1.3 (0.0 – 167.9) < 0.001 0.974 0.953–0.996 0.020

Data are expressed as median (min-max) or number (%). The final administration dose rate is that at the time of stopping maternal intravenous administration of
RD. The interval is the time period from stopping maternal intravenous administration of RD to delivery
RD: ritodrine hydrochloride, AOR adjusted odds ratio, CI confidence interval

Fig. 2 Receiver operating curve for predicting the incidence of
neonatal hypoglycemia in relation to the interval. The interval is the
time period from stopping maternal intravenous administration of RD
to delivery. RD: ritodrine hydrochloride, AUC: area under the curve
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point to divide patients into RD and non-RD groups, fur-
ther consideration of this point may be necessary.
Despite the present findings, intravenous administration

of RD is considered to be extremely important to prevent
premature labor in Japan. Therefore, we recommend care-
ful monitoring of blood glucose level in neonates delivered
by mothers having these risk factors, in order to ensure
rapid treatment of neonatal hypoglycemia. In fact, no se-
quelae due to neonatal hypoglycemia were observed in
our study, suggesting that the schedule of blood glucose
monitoring according to the patients’ background cur-
rently employed in our hospital is suitable for preventing
sequelae due to neonatal hypoglycemia.

Conclusion
The incidence of neonatal hypoglycemia was signifi-
cantly increased by intravenous administration of RD in
our single-center, retrospective cohort study. We identi-
fied maternal age (over 35 years) and interval to delivery
from stopping intravenous administration of RD of less
than 6 h as independent risk factors of neonatal
hypoglycemia following maternal intravenous adminis-
tration of RD. We recommend careful blood glucose
monitoring in neonates whose mothers have these risk
factors, in order to ensure early detection and treatment
of neonatal hypoglycemia.

Abbreviations
AOR: adjusted odds ratio; AUC: area under the curve; BMI: body mass index;
CI: confidence interval; RD: ritodrine hydrochloride
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