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Introduction

　Women experience a range of physical and psycho-
logical changes during pregnancy that may affect their 
health.  Maintaining a healthy lifestyle during this pe-
riod helps prevent health issues and is important for 
ensuring safe childbirth.  Smoking, hypertension, obe-
sity, and diabetes are risk factors for pregnancy com-
plications [1, 2], and they are associated with increases 
in the percentage of stillbirths, premature births, and 
low birth weight infants [1].  To ensure safe childbirth, 
it is important for healthcare workers to support preg-

nant women.
　Mental health interventions for pregnant women are 
becoming increasingly important in Japan.  According 
to a 2016 study examining maternal deaths in Tokyo’s 
23 municipal wards over a 10-year period, 63 women 
died by suicide between pregnancy and one year post-
partum, with a suicide rate of 8.7 per 100,000 births 
[3, 4].  The perinatal suicide rates for the UK and Swe-
den are 2.3 and 3.7 out of 100,000 births, respectively 
[3, 4].  The comparatively high rate in Japan indicates 
the seriousness of the situation.
　Appropriate information is necessary to ensure safe 
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childbirth, and a prior study reported that pregnant 
women desire information regarding their pregnancy 
[5].  Research has reported nutritional deficiencies, 
excessive nutritional intake, and inappropriate weight 
gain during pregnancy [6-8], despite pregnant women 
receiving advice about maintaining a healthy lifestyle.  
Self-administered health management and self-care 
during pregnancy are important to ensure a normal 
pregnancy, normal fetal development, and spontane-
ous childbirth, and to prevent pregnancy complica-
tions.  To that end, obtaining accurate information and 
accessing appropriate social services is necessary.
　The use of mobile phone technologies for health 
promotion has gained impetus in recent years, and re-
search utilizing mobile phone technologies in behav-
ior modification has been increasing.  Mobile health 
(mHealth), as this technology is known, is unaffected 
by restrictions of place and time, can provide interven-
tion to large numbers of individuals simultaneously, 
and has an interactive nature.  mHealth interventions 
are thought to be effective in promoting access to so-
cial services, healthy behaviors, mental health, and the 
provision of health-related information.  The efficacy 
of mHealth interventions with respect to health-related 
behavior has been reported [9, 10], and it is suggested 
that this kind of healthy lifestyle promotion interven-
tion could also be effective for pregnant women [11].
　Our focus was on text messaging interventions, 
which have been effective in the promotion of physical 
activity, smoking cessation [12], and behavior modi-
fication [13, 14].  Studies utilizing text message in-
terventions have reported improvement in breastfeed-
ing indicators [15] and protective behaviors against 
air pollution [16].  There are few studies, however, on 
changes in pregnant women’s lifestyle behavior and ef-
fects on mental health.  To evaluate the effect of inter-
vention more accurately, we limited our study to pri-
miparous women because of differences in knowledge 
about pregnancy and childbirth between primigravid 
women and multipara women; knowledge which could 
affect the impact of text messaging interventions.  To 
the best of our knowledge, there are no randomized 
controlled trials of text messaging interventions lim-
ited to primigravid women.  Thus, we autonomously 
developed a program for automatic delivery of pre-
entered text messages to numerous recipients simul-

taneously [17].
　This study aimed to assess the efficacy of a text 
message intervention for ensuring safe childbirth and 
improving the mental health of primigravid pregnant 
women.  The intervention group received the text mes-
sage intervention, while a control group did not, and 
the groups were compared post-intervention to evalu-
ate the efficacy of the intervention.

Materials and Method

Design and sample
　We conducted a randomized controlled trial with 39 
women recruited from two obstetric outpatient clin-
ics in Tsu City, Mie Prefecture, Japan from November 
1, 2017 to March 31, 2019.  The participation criteria 
were: possessing a mobile phone, over 20 years of age, 
less than 12 weeks pregnant, single gestation preg-
nancy, pre-pregnancy body mass index (BMI) range 
of 18.5–24.9, no physical or psychological conditions, 
permission obtained from the main treating physician, 
and being primigravida.

Ethics
　The researchers used a booklet to explain to preg-
nant women the purpose and methods of the study, 
as well as the aspects of data protection and ethical 
considerations.  They were informed that they could 
refuse to participate and withdraw at will, and that they 
would not face any disadvantage for refusing to par-
ticipate.  Written informed consent was then obtained.  
The study was granted approval by the Mie univer-
sity Independent Ethics Committee (Approval num-
ber 3132).  The study was registered with the World 
Health Organization International Clinical Trials Reg-
istry Main ID: JPRN-UMIN000030530 1606064.

Procedure and measures
　Participants were allocated to either the intervention 
or the control group through a roll of the dice (odd 
number = intervention group; even = control group) 
and directed to answer a questionnaire.  Randomiza-
tion was performed at each facility.  The questionnaire 
items included age, height, current weight, pre-preg-
nancy weight, family structure, and employment sta-
tus.  We sent participants the Japanese version of the 
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State-Trait Anxiety Inventory (STAI) by email in week 
12 of pregnancy [18].  They sent the data to research-
ers after completing the Inventory on their mobile 
phone.  The 40-item STAI contains 20 items evaluat-
ing state anxiety, a transitionary anxious state occur-
ring in certain circumstances, and 20 items evaluating 
trait anxiety, which describes anxiety as a relatively 
stable personality characteristic.  Items were rated on 
a four-point Likert scale ranging from “1 = Not at all” 
to “4 = Very much so.” Scores range from 40 to 160, 
with higher scores indicating higher anxiety levels.  
Shimizu and Imae modified the original STAI for use 
with the Japanese population [18, 19].  This version 
was scrutinized by Hidano et al [20], who created the 
latest version of the STAI used in this study [21].
　The intervention group received automatic text mes-
sages on their mobile phone from our computer pro-
gram from the 13th week of pregnancy until childbirth.  
Messages were sent at 12:30 p.m.  every Monday and 
Thursday so that it would be convenient for working 
women to view them.  The 150 – 250 character Japa-
nese texts conveyed pregnancy-related information: 
introducing social services, breastfeeding preparation 
advice, adequate sleep, mental health, weight manage-
ment, suitable meals, and self-care methods.  The con-
tent was developed by a maternal nursing researcher, 
and the length of the sentences and the wording were 
verified to facilitate readability.
　The title of the text intended to reflect the content to 
aid participants in identifying the message they wished 
to read.  Phone numbers and website links to social 
services mentioned in the messages were also included 
to facilitate contact with the services.  To avoid giving 
an impersonal impression, a nickname, registered and 
chosen by the participants, was included in the com-
puter program and displayed in the delivered text mes-
sages, and the content of each text message differed 
to prevent participants from losing interest.  To avoid 
over-reliance, participants were unable to reply to text 
messages.  We instructed the intervention group not 
to show texts to others to avoid exposing the control 
group to the text messages.
　We asked all the participants to complete a ques-
tionnaire after childbirth at a medical facility.  There 
were 33 questionnaire items regarding pregnancy life-
style during the month prior to birth.  Responses were 

evaluated on a five-point Likert scale ranging from 
“1 = Not at all” to “5 = I did it daily”.  Participants also 
completed the STAI postpartum.  We asked the inter-
vention group whether the texts were useful and the 
extent to which they read the messages.  Responses 
of usefulness were evaluated on a four-point Likert 
scale ranging from “1 = strongly agree” to “4 = com-
pletely disagree”.  Responses of extent of reading were 
evaluated on a five-point Likert scale ranging from 
“1 = I read all” to “4 = I did not read at all”.  We also 
investigated pre-birth weight, the presence or absence 
of pregnancy complications, delivery complications, 
delivery type, and infant birth weight.

Data analyses
　The Mann-Whitney U test and Fisher’s exact test 
were conducted to compare baseline attributes and de-
mographic data for the intervention and control groups.  
Cohen’s d was calculated for the mean and standard 
deviation to determine size of the effect (≥ 0.2: small; 
≥ 0.5: medium; and ≥ 0.8: large effect size), and Cra-
mer’s V was calculated using the result of the compari-
son of percentages (≥ 0.1: small, ≥ 0.3: medium, and 
≥ 0.5: large effect size).  The same tests were used to 
compare data collected postpartum to evaluate the ef-
ficacy of the text messaging intervention.  The Mann-
Whitney U test was performed to compare changes in 
STAI for each group at baseline and at postpartum.  
For the data from the month prior to childbirth, “Not at 
all” and “I did it daily” were quantified as values of 1 
and 5, respectively, after which averages and standard 
deviation for both groups were calculated and com-
pared using the Mann-Whitney U test.  A P-value of 
less than 0.05 indicated a significant difference, and 
statistical analysis was conducted using SPSS version 
22 for Windows (IBM Corp., Tokyo, Japan).

Results

　Of the 39 participants, three transferred to different 
medical facilities midway through the study.  One par-
ticipant was unable to receive texts owing to a change 
in email address after providing consent, and replies 
were not received from seven participants, resulting in 
missing data.  The data from the 28 participants with 
complete data were analyzed.  Fifteen participants 
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were randomly allocated to the intervention group and 
13 to the control group.
　Table 1 shows the comparison of attributes of each 
participant from the intervention and control groups at 
the 12-week mark, their demographic data, and STAI 
scores.  No significant difference was found between 
the two groups.
　Table 2 shows a comparison of both groups at the 
time of birth.  No significant differences were found in 
pre-birth weight or BMI, infant birth weight, or STAI 
scores.  There was no significant difference in preg-
nancy or delivery complications.  The STAI-I (state 
anxiety) at the time of birth was significantly lower 
than at baseline in the intervention group (P = 0.03).
　Table 3 displays the group comparison regarding 
lifestyle during the month prior to childbirth.  For 
the item “I engage in body stretching,” the average 
value for the intervention group was 3.9, whereas the 
control group’s value was significantly lower at 3.1 
(P = 0.046; effect size = 0.83; 95% confidence interval 
(CI) = 0.05 to 1.66).  For “I have regular bowel move-
ments,” the average value for the intervention group 

was 3.7, whereas the control group’s value was signifi-
cantly higher at 4.5 (P = 0.037; effect size = 0.82; 95% 
CI = -1.57 to -0.36).  No significant difference was 
found between the intervention and control groups for 
any other items.
　Table 4 shows the intervention group’s responses re-
garding the text messages, as well as their opinions re-
garding the text messages (reported in percentage based 
on the number of participants who marked “Strongly 
agree” or “Agree”).  Overall, 100% of the participants 
answered that “The texts were easy to understand,” 
93.3% that “The texts were useful in real situations,” 
93.3% that “I looked forward to reading the texts,” and 
93.3% that “The text messages were useful, or a little 
useful.” For the item related to information, 86.7% an-
swered that “The texts provided me with necessary in-
formation.” When asked the reason for that response, 
60% responded “The lifestyle advice was useful,” 20% 
answered “Information regarding social resources was 
useful,” and 60% responded “Receiving the text mes-
sage itself made me happy.” An investigation of the 
frequency of text viewing showed that eighty percent 
of the participants read all the texts, while 13.3% read 
80–99% and 6.7% read 50–79% of the texts.  None of 
the participants answered 49% or less.Table 1.  Baseline Comparison of Demographic Charac-

teristics for Both Groups

Intervention 
group
n = 15 

Control 
group
n = 13 

P-value

Mean (SD) Mean (SD) Mann-
Whitney  

U test

Age (years) 　30.7 (3.2) 　31.5 (3.9) 0.586

Height 157.2 (4.1) 157.9 (6.8) 1.000

Pre-pregnancy weight 　49.9 (5.6) 　54.0 (10.6) 0.363

Pre-pregnancy BMI 　20.1 (1.8) 　21.5 (3.5) 0.363

Baseline weight 　50.2 (5.7) 　54.6 (10.9) 0.440

Baseline BMI 　20.3 (1.9) 　21.8 (3.6) 0.294

STAI-I (State anxiety) 　44.2 (11.4) 　44.9 (9.2) 0.650

STAI -II (Trait anxiety) 　42.2 (11.0) 　41.9 (9.0) 1.000

n (%) n (%) Fisher’s 
exact test

Family structure  
(living with someone)

15 (100.0) 12 (92.3) 0.464

Currently employed 11 (73.3)　 12 (92.3) 0.333

BMI: body mass index, STAI: State-Trait Anxiety Inventory

Table 2.  Comparison of Both Groups’ Circumstances at 
Childbirth

Intervention 
group
n = 15

Control group
n = 13

P-value

Mean (SD) Mean (SD) Mann-
Whitney 

U test

Pre-birth weight 60.8 (7.9) 66.2 (11.5) 0.294

Pre-birth BMI 24.6 (2.7) 26.5 (3.9) 0.294

Weight of newborn 3139.1 (378.8) 3154.8 (361.4) 0.928

STAI-I (State anxiety) 38.9 (11.3) 40.2 (9.3) 0.683

STAI-II (Trait anxiety) 42.5 (11.0) 39.5 (10.0) 0.413

n (%) n (%) Fisher’s 
exact test

Pregnancy 
complications

1 (6.7) 0 (0.0) 1.00

Delivery complications  
(high-risk births)

0 (0.0) 2 (15.4) 0.206

BMI: body mass index, STAI: State-Trait Anxiety Inventory
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Discussion

　This is the first randomized controlled trial of sup-
porting primiparous women’s pregnancy and child-
birth with text messaging.  The study was a pilot trial 
and the sample size was small, so the evaluation of 

these results must be used with caution.
　The survey showed that many participants in the in-
tervention group reported engagement in body stretch-
ing during the last month of pregnancy.  Stretching is 
physical exercise in which a specific muscle or tendon 
is deliberately flexed or stretched.  It is effective in 

Table 3.  Comparison of Both Groups’ Lifestyles One Month Prior to Childbirth

Intervention 
group
n = 15

Control 
group
n = 13

P-value Intervention 
group
n = 15

Control 
group
n = 13

P-value

Mean (SD) Mean (SD) Mann-
Whitney  

U test

Mean (SD) Mean (SD) Mann-
Whitney  

U test

SD: standard deviation

I eat a variety of vegetables 3.8(0.8) 3.9 (1.1) 0.751 

I eat a variety of fruits 3.7(1.2) 3.0 (1.2) 0.142 

I eat fried and fast food 2.9(0.8) 2.8 (0.4) 1.000 

I eat desserts 3.3(1.0) 3.6 (0.9) 0.413 

I eat pork, chicken, or fish 
in every meal

4.3(0.8) 3.8 (1.1) 0.185

I drink milk  
(2 glasses per day)

2.3(1.4) 2.8 (1.5) 0.440 

I drink fruit juice 1.9(1.1) 2.4 (1.3) 0.294

When I am hungry,  
I eat anything I want

2.3(1.2) 2.7 (1.2) 0.316 

I eat grilled meat that is rare 
to medium rare

1.4(0.6) 1.2 (0.4) 0.618 

I take vitamins received 
from the hospital

1.5(0.8) 1.2 (0.6) 0.413

I take herbs 1.7(1.1) 1.2 (0.4) 0.235 

I exercise by walking 3.8(1.0) 3.5 (1.2) 0.555 

I engage in body stretching 3.9(0.8) 3.1 (1.2) 0.046*

I take a short daytime nap 3.9(1.0) 3.7 (1.4) 0.892 

I brush my teeth after a 
meal

4.1(1.0) 3.3 (1.5) 0.185

I squeeze the muscle when 
my leg cramps

2.6(1.2) 2.5 (1.8) 0.786 

I often notice whether my 
urine is a dark color or 
cloudy 

2.1(1.2) 2.4 (1.0) 0.413 

I try to sit and stand upright 2.9(1.1) 3.0 (1.3) 0.821 

I talk to the baby when he/
she kicks

3.5(0.9) 3.9 (1.3) 0.387

I have abstained from 
sexual intercourse for more 
than a month

4.2(1.4) 4.0 (1.7) 1.000 

I have regular bowel 
movements 

3.7(1.1) 4.5 (0.9) 0.037*

To prevent leukorrhea, 
I keep my external 
reproductive organs clean

3.6(1.0) 3.7 (1.0) 0.892 

When I frequently need to 
urinate, I reduce my intake 
of water

1.6(0.8) 1.3 (0.8) 0.254

I go to the restroom when I 
strongly need to pee

4.0(1.5) 4.1 (1.4) 0.928 

I have noticed swelling of 
the upper ankle, face, and 
hands

3.1(1.6) 4.4 (0.9) 0.065 

Since the 7th month of my 
pregnancy, I have been 
counting fetal movements, 
as suggested

4.7(0.7) 4.5 (0.7) 0.525 

If the fetal movement count 
is less than 10, I wait to 
see if it happens again on 
another day

3.0(1.9) 3.5 (1.9) 0.555

If I have fluid leaking from 
the vagina, but no pain, I 
wait to see if it happens 
again on another day

1.3(1.0) 1.0 (0.0) 0.786 

I try to avoid stress, make a 
clear mind

3.7(1.1) 3.6 (1.0) 0.964

I know the hospital’s 
emergency phone number

4.6(0.8) 4.2 (1.5) 0.650

I will go to the hospital 
immediately after the onset 
of labor pain

2.5(1.5) 2.9 (1.8) 0.683 

I have been trained on how 
to manage labor pain

3.0(1.6) 2.2 (1.2) 0.201

I have been trained on how 
to push

3.0(1.6) 1.9 (1.0) 0.052
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increasing body flexibility and has been reported to 
reduce back pain in pregnant women [22, 23].  Ap-
proximately 70–78.9% of pregnant women report hav-
ing back pain [24].  They also have difficulty main-
taining a standing position and lifting heavy objects, 
which contribute to an impaired quality of life [24].  
One study has reported that stretching improves symp-
toms of depression [25].  We did not measure back 
pain and depressive symptoms in the present study, but 
we speculate that had we measured these, the interven-
tion group might have reported improved outcomes.  
Only simple stretching methods were introduced to 
the intervention group via text message in this study, 
and thus the effect on pregnant women may have been 
limited.  There is a need to provide professional and 
detailed information on stretching to achieve a higher 
effect of increased body flexibility, reduced back pain 
and so on.
　The average value for the intervention group was 
lower than the control group for the questionnaire item 
concerning bowel movement regularity.  Although 
these results are difficult to interpret, one possible 
reason could be the control group’s high average val-

ues for “eating vegetables” and “milk intake,” as well 
as the low average value for “meat intake”; this may 
relate to bowel movement regularity.  Another possi-
bility is that since this question did not cover actual 
defecation frequency and was merely a subjective re-
sponse, it may be that the intervention group’s thresh-
old regarding irregular bowel movements was lowered 
owing to sensitization from receiving the text mes-
sages about bowel movements.  It is possible that the 
intervention group may have become more likely than 
the control group to view their bowel movements as 
being irregular.
　We expected that the text messaging intervention 
would reduce the risk of pregnancy complications and 
delivery complications, but due to the low number of 
pregnancy complications and delivery complications 
overall, we were not able to prove that our interven-
tions would reduce those risks.  This may have been 
due to the fact that there was not much difference be-
tween the two groups in lifestyle prior to childbirth.
　Participant satisfaction with the delivered text mes-
sages was high, suggesting that we were able to deliver 
the necessary information to the pregnant women.  The 
convenience of being able to access useful information 
on a mobile phone at any time is also thought to have 
led to a high level of satisfaction.  The participants’ 
viewing frequency of the messages was also high, 
possibly a reflection of the ubiquity and functionality 
of mobile phones; being comprehensible and provid-
ing useful information are considered factors that in-
creased the efficacy of the intervention.
　Mental health during the perinatal period is vulner-
able to instability, such as through maternity blues and 
postpartum depression.  Although we thought our text 
message intervention might reduce anxiety by deliv-
ering appropriate information, the anticipated effects 
were not confirmed.  The text message content largely 
pertained to lifestyle factors, as well as introducing so-
cial services and systems.  By comparison, there were 
only a few messages for improving mental health and 
their content was abstract.  On the other hand, as STAI-I 
(state anxiety) at the time of childbirth was significant-
ly lower than at baseline in the intervention group, the 
text messaging approach may also suggest the potential 
to improve mental health.  If the emphasis had been on 
improving mental health, it would have been necessary 

Table 4.  Intervention Group’s Responses Regarding the 
Text Messages

Opinion regarding the text messages
(Percentage reporting “Strongly agree” or “Agree”)

n (%)

The texts provided me with necessary information 13 (86.7)

The texts were useful in real situations 14 (93.3)

The texts were easy to understand 15 (100.0)

I looked forward to reading the texts 14 (93.3)

The text messages were useful, or a little useful 14 (93.3)

Reasons why the texts were useful

The lifestyle advice was useful 9 (60.0)

Information regarding social resources was useful 3 (20.0)

Receiving the text message itself made me happy 9 (60.0)

Text viewing frequency

All 12 (80.0)

80–99% 2 (13.3)

50–79% 1 (6.7)

10–49% 0 (0.0)

0 0 (0.0)
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to increase the number of text messages pertaining to 
improving mental health and to deliver messages with 
practical content, such as relaxation methods and strat-
egies for coping with stress.

Strengths, limitations, and suggestions for future research
　A strength of this study is that the participants were 
exclusively primiparous women.  As a result, the ef-
fects of differences in knowledge owing to childbirth 
experience were eliminated.  There were, however, 
some limitations.  First, the sample size was small, 
because participation was limited to primiparas.  Con-
ducting large-scale studies is necessary to produce 
more evidence.  It will also be important to develop 
more effective content in collaboration with obstetric 
specialists in the future.  The pregnant women in the 
current study read most of the messages we sent, and 
their satisfaction was high, so we assume that sending 
more effective content will promote greater healthy 
lifestyle behaviors in pregnant women and improve 
mother and infant health.  The second limitation was 
the use of self-reported data, which can entail bias.  
Third, text messaging may have influenced health in-
struction, but the current study did not examine dif-
ferences in health instruction between the intervention 
and control groups.  Fourth, the 33 questionnaire items 
regarding the participants’ pregnancy lifestyle have not 
been proven reliable and valid.  Finally, although sig-
nificant differences were indicated for stretching and 
regularity of bowel movements, these were based on 
subjective evaluations; as such, one must exercise cau-
tion in the interpretation of results, considering the fact 
that actual duration of exercise and number of excre-
tions were not investigated.  More objective outcome 
measures should be utilized in future studies to more 
accurately assess intervention efficacy.

Conclusions

　Our results should be evaluated cautiously, due to 
study limitations, but the high level of satisfaction 
with the message content and the fact that most of the 
participants read all the texts attest to the practicality 
and feasibility of this approach, which can be used 
to provide support to numerous people at a relatively 
low cost.  It would also be possible to send messages 

that cater to a group’s specific attributes and regional 
factors, since it is easy to customize message content.  
It is hoped that the text message program will play a 
positive role in ensuring safe and healthy childbirths in 
other regions as well.

Acknowledgments

　We would like to express our deep gratitude to all 
the obstetric clinic staff for their cooperation.  The text 
message delivery program was developed and imple-
mented with significant support from the City of Kobe, 
Yoshikatsu Ohta, PhD, professor, Graduate School 
of Engineering, Mie University, and Tokuhiro Sugi-
ura, PhD, associate professor, Center for Information 
Technologies and Networks, Mie University.  The au-
thors thank Hiroyo Hatashita PhD, professor, Faculty 
of Nursing, Tokyo Healthcare University, Yugo Narita 
PhD, professor, Mie University Graduate School of 
Medicine, for his encouragement and scientific discus-
sions.  The translation and English language editing 
support from Editage (www.editage.com) is greatly 
appreciated.

Funding

　No funding was received for this research.

References

 1 . Lawn JE, Blencowe H, Waiswa P et al (2016): Still-
births: rates, risk factors, and acceleration towards 
2030.  Lancet 387 (10018): 587-603

 2 . Marufu TC, Ahankari A, Coleman T & Lewis S (2015): 
Maternal smoking and the risk of still birth: systematic 
review and meta-analysis.  BMC Public Health 15: 239

 3 . Takeda S (2017): [Why mental health care now?] Sui-
cide prevention for pregnant woman.Perinatal Medi-
cine 47(5): 623-627 (in Japanese)

 4 . Takeda S, Takeda J, Murakami K et al (2017): Annual 
report of the perinatology committee, Japan society of 
obstetrics and gynecology, 2015: Proposal of urgent 
measures to reduce maternal deaths.  Journal of Ob-
stetrics and Gynaecology Research 43 (1): 5-7

 5 . Hearn L, Miller M & Lester L (2014): Reaching peri-
natal women online: The healthy You, healthy baby 



312 T Kodama et al

website and app.  Journal of Obesity 2014: 573928
 6 . Diemert A, Lezius S, Pagenkemper M et al (2016): 

Maternal nutrition, inadequate gestational weight gain 
and birth weight: results from a prospective birth co-
hort.  BMC Pregnancy Childbirth 16: 224

 7 . AprOn & ENRICH Study Teams (2017): Adherence to 
Canada’s Food Guide recommendations during preg-
nancy: Nutritional epidemiology and public health.  
Curr Dev Nutr 1 (7): e000356

 8 . Malek L, Umberger W, Makrides M & Zhou SJ (2016): 
Adherence to the Australian dietary guidelines during 
pregnancy: evidence from a national study.  Public 
Health Nutr 19 (7): 1155-1163

 9 . Flores Mateo G, Granado-Font E, Ferré-Grau C & 
Montaña-Carreras X (2015): Mobile phone apps to 
promote weight loss and increase physical activity: A 
systematic review and meta-analysis.  J Med Internet 
Res 17 (11): e253

 10 . Pfaeffli Dale L, Dobson R, Whittaker R & Maddison R 
(2016): The effectiveness of mobile-health behaviour 
change interventions for cardiovascular disease self-
management: A systematic review.  Eur J Prev Cardiol 
23 (8): 801-817

 11 . O’Brien OA, McCarthy M, Gibney ER & McAuliffe 
FM (2014): Technology-supported dietary and lifestyle 
interventions in healthy pregnant women: a systematic 
review.  Eur J Clin Nutr 68 (7): 760-766

 12 . Liao Y, Wu Q, Kelly BC et al (2018): Effectiveness of 
a text-messaging-based smoking cessation intervention 
(“Happy Quit”) for smoking cessation in China: A ran-
domized controlled trial.  PLoS Med 15 (12): e1002713

 13 . Watson T, Simpson S & Hughes C (2016): Text mes-
saging interventions for individuals with mental health 
disorders including substance use: A systematic re-
view.  Psychiatry Res 243: 255-262

 14 . Chib A, van Velthoven MH & Car J (2015): mHealth 
adoption in low-resource environments: a review of 
the use of mobile healthcare in developing countries.  J 
Health Commun 20 (1): 4-34

 15 . Patel A, Kuhite P, Puranik A, Khan SS, Borkar J & 
Dhande L (2018): Effectiveness of weekly cell phone 
counselling calls and daily text messages to improve 
breastfeeding indicators.  BMC Pediatr 18 (1): 337

 16 . Jasemzadeh M, Khafaie MA, Jaafarzadeh N & Araban 
M (2018): Effectiveness of a theory-based mobile 
phone text message intervention for improving protec-
tive behaviors of pregnant women against air pollution: 
a randomized controlled trial.  Environ Sci Pollut Res 
Int 25 (7): 6648-6655

 17 . Kodama T, Syouji H, Takaki S et al (2016): Text mes-
saging for psychiatric outpatients: Effect on help-seeking 
and self-harming behaviors.  J Psychosoc Nurs Ment 
Health Serv 54 (4): 31-37

 18 . Spielberger CD & Gorsuch RL (1983): Manual for the 
State-Trait Anxiety Inventory (form Y) “self-evaluation 
questionnaire”.  Consulting Psychologists Press, Cali-
fornia 36 pp

 19 . Shimizu H & Imae K (1981): Development of the Japa-
nese edition of the Spielberger State-Trait Anxiety In-
ventory (STAI) for student use.  Japanese Journal of 
Educational Psychology 29(4): 348-353 (in Japanese)

 20 . Hidano T, Fukuhara M, Iwawaki S, Soga S & 
Spielberger CD (2000) :New STAI manual for the 
state-trait anxiety inventory-form JYZ.  Jitsumu Kyo-
uiku Press Inc, Tokyo 35 pp (in Japanese)

 21 . Iwata N & Higuchi HR (2000): Responses of Japanese 
and American university students to the STAI items 
that assess the presence or absence of anxiety.  J Pers 
Assess 74 (1): 48-62

 22 . Winters MV, Blake CG, Trost JS et al (2004): Passive 
versus active stretching of hip flexor muscles in sub-
jects with limited hip extension: a randomized clinical 
trial.  Phys Ther 84 (9): 800-807

 23 . Pennick VE & Young G (2007): Interventions for pre-
venting and treating pelvic and back pain in pregnancy.  
Cochrane Database Syst Rev(2): CD001139

 24 . Watanabe K, Fujishima K & Watanabe Y (2020): Chang-
es and relationship among low back pain, gait index, 
and physical activity during pregnancy.  Journal of Ja-
pan Academy of Midwifery 34 (1): 3-13

 25 . Kai Y, Nagamatsu T, Kitabatake Y & Sensui H (2016): 
Effects of stretching on menopausal and depressive 
symptoms in middle-aged women: a randomized con-
trolled trial.  Menopause 23 (8): 827-832

　

 J UOEH　43（3）：305－312（2021）


