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Abstract

Background: Low birth weight (LBW) is an important public health issue that affects development and health over a long period.
However, there has been no sufficient decrease in the prevalence of LBW, and it is important to identify preventable factors for LBW
which remain to be clarified. The purpose of this study was to clarify the association between Internet use for many hours during

pregnancy and LBW.

Methods: The subjects were mothers who had submitted the pregnancy notification form in Matsue City between April 2016 and
September 2017 and their children. The data provided by Matsue City authorities consisted of 2,465 records. We analyzed 2,089
records, excluding untraceable records, those with insufficient information, those on multiple pregnancy, and those on pregnant
smokers. Logistic regression analysis was performed using LBW as a dependent variable, Internet use for many hours during
pregnancy as an independent variable, and the child’s sex, mother’s age at the time of pregnancy, unmarried status on pregnancy, first
childbirth, mother’s job during pregnancy, and weeks of pregnancy on the notification as covariates.

Results: The results of analysis showed that Internet use for many hours during pregnancy accounted for 4.4%, and that LBW
accounted for 7.2%. Internet use for many hours during pregnancy was associated with LBW (adjusted odds ratio = 2.16 (95%CI:

1.13-4.13)).

Conclusions: This study suggested that there is an association between Internet use for many hours during pregnancy and LBW. It is
necessary to provide appropriate support to pregnant women who use the Internet for many hours during pregnancy after confirming

the presence or absence of risk factors for LBW.
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Background

Low birth weight (LBW) of <2,500 g is an important index
that reflects the neonatal health status, intra-uterine envi-
ronment, and maternal nutritional status during pregnancy.
LBW-related prenatal malnutrition leads to the risks of
early death, developmental retardation [1-3], type 2 diabe-
tes mellitus in adulthood, cardiovascular disease, hyperten-
sion [4-6], and psychiatric disease [7, 8], being an impor-
tant public health issue that affects development and health
over a long period. During the WHO’s 65th World Health
Assembly convened in Geneva, Switzerland, in 2012, one
of 6 goals to be achieved before 2025 was set as “a 30%
reduction in the annual incidence of low-birth weight” [9].
However, the currently estimated progress status on a de-
crease in the prevalence of LBW is slower than that neces-
sary for achieving this goal [10]. Factors for LBW include
multiple pregnancy, first childbirth, girls, smoking during

pregnancy, a low body mass index (BMI) before preg-
nancy, insufficient weight gain during pregnancy, mother’s
job during pregnancy, late-in-life pregnancy, infertility
treatment, father’s absence during pregnancy, and econom-
ic situation [3, 11-16]. However, considering that there is
no marked decrease in the prevalence of LBW, it is impor-
tant to identify preventable factors for LBW to be clarified.

LBW is primarily frequent in low- to middle-income
countries, such as South Asia and sub-Saharan Africa [10].
However, even in Japan as an advanced country, the num-
ber of LBW infants has increased over >40 years since
1975 [13, 17-19]. The rate of LBW in Japan (9.4%) is
higher than the mean value in OECD countries (6.5%)
[20]. Therefore, new findings of factors for LBW other
than poverty-related malnutrition may be obtained by con-
ducting a field survey on a specific area of Japan.

As a potential factor for LBW, we assumed that LBW
might be associated with Internet use for many hours dur-
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ing pregnancy. Maternity leave and mobility restrictions
during pregnancy result in more time at home and less
outdoor activity, which may lead to Internet use for many
hours [21]. Most pregnant women collect information on
fetal growth, complications during pregnancy, lifestyle
during pregnancy, and delivery via the Internet, share their
experience or thoughts with other pregnant women, and
recognize the Internet as a reliable, useful tool [22-29].
Thus, the merits of Internet use are great for pregnant
women. However, some studies indicated that Internet
use for many hours resulted in problematic Internet use
(PIU) in which poor control of Internet use affects personal
relationships, social life, and emotional stability [30, 31].
Therefore, prolonged Internet use during pregnancy may
lead to PIU with potential impact on prenatal care.

There have been few articles on Internet use for many
hours or PIU in perinatal females, but PIU during or after
pregnancy (pregnancy period to 1 week after delivery) ac-
counted for as high as 30% [21]. As factors for LBW, a low
BMI before pregnancy [14, 16], insufficient weight gain
during pregnancy [13, 17], and a low frequency of consul-
tation in the Department of Obstetrics during pregnancy,
that is, insufficient prenatal care [11], have been indicated.
However, PIU is associated with a decrease in the amount
of a meal, skipping meals, thinness [32, 33], and a reduc-
tion in health behavior [32]; therefore, Internet use for
many hours during pregnancy may lead to LBW. A previ-
ous study indicated that maternal PIU was associated with
the infant’s thinness [34]. Considering this, Internet use for
many hours during pregnancy may affect fetal growth.

The purpose of this retrospective cohort study was to
clarify the relationship between Internet use for many
hours during pregnancy and LBW in a specific area of
Japan, where the rate of LBW is high.

Methods

Study design and data sources

The study design is a retrospective cohort study. The target
area was Matsue City, Shimane Prefecture. The subjects
were mothers who had submitted the pregnancy notifica-
tion form in Matsue City between April 2016 and Septem-
ber 2017 and their children. Matsue City, Shimane Prefec-
ture, is a provincial city of which the population is ap-
proximately 200,000, and the number of births is approx-
imately 1,600/year. In Japan, all pregnant women are ob-
ligated to submit the pregnancy notification form to mu-
nicipalities where they live based on the Maternal and
Child Health Act. Most pregnant women submit it before
Week 12 of pregnancy. When the municipal office is no-
tified of pregnancy, a public health nurse interviewed
mothers to obtain information on the mother’s age, marital
status, family structure, and mother’s lifestyle to utilize it
for pregnancy/delivery/childrearing support. Furthermore,
in Japan, residents are obligated to submit a birth certifi-
cate to municipalities where they live within 2 weeks after
the newborn’s birth based on the Family Registration Law.
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During the procedure, local governments obtain informa-
tion on the neonatal status at the time of birth, such as the
birth weight described in the maternal and child health
handbook at an obstetric facility. In this study, personally
identifiable code-given data were obtained from Matsue
City. Matsue City provided the data on Internet use and
information on family structure, pregnant women’s age,
gravidity, employment status, and presence or absence of
smoking, which were entered by pregnant women at the
time of pregnancy notification, in addition to the neonatal
data on sex and birth weight obtained on birth notification,
deleting the individual-identifying name/address/district
name/birth date. Before data provision, an outline of this
study was published on the websites of Shimane Univer-
sity and Matsue City, and an opportunity for the study sub-
jects to refuse data utilization was established. With re-
spect to ethical considerations, the protocol of this study
was approved by the ethics review board for Medical Re-
search Ethics Committee, Shimane University Faculty of
Medicine (Approval No. 5923).

The data provided consisted of 2,465 records. Of these,
1 became untraceable due to death. We excluded 77 re-
cords in which the duration of Internet use/day was written
by persons other than the mothers on the questionnaire on
the notification, 209 in which it was not described, and 9
in which the birth weight was unclear. In addition, we
excluded 48 records on multiple birth and 32 records on
smoking during pregnancy for the following reasons: these
are important risk factors for LBW [35, 36], and the num-
ber of episodes is small; therefore, the number of LBW
episodes in the population is extremely small, and they are
intolerable to multivariate analysis. Finally, we analyzed
2,089 records (Fig. 1).

Measurements

1) LBW

LBW was defined as a birth weight of <2,500 g regardless
of gestational age by the World Health Organization
(WHO) [37]. In this study, a birth weight of <2,500 g was
also regarded as LBW.

2) Internet use for many hours

We defined Internet use extending over 5 hours, which
may lead to PIU with potential impact on prenatal care,
as long Internet use [31, 38]. The measurement of Internet
use was based on the question presented at the time of
pregnancy notification: “How many hours per day on aver-
age have you used the Internet for in the past 30 days?
Internet use indicates the use of a personal computer, cel-
lular phone, smartphone, or tablet, and includes game or
mail usage. It does not include Internet use for work.”

3) Covariates

In reference to the above relevant factors for LBW previ-
ously indicated [3, 11-16], we used the child’s sex (boy,
girl), mother’s age at the time of pregnancy (<35, >35),
marital status on pregnancy (yes, no), gravidity (>twice,
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Submission of the pregnancy notification form 2,465 records

A 4

Untraceable:
Death, 1 case

Insufficient information
Questionnaire on Internet use written by
persons other than mothers: 77
Mothers who did not write the duration of
Internet use during pregnancy: 209
The birth weight was unclear: 9

v

Exclusion
Multiple pregnancy: 48

Pregnant smokers: 32

h 4

2,089 records

Fig. 1 Flowchart of participant selection process

once), mother’s work during pregnancy (no, yes), and weeks
of pregnancy on the notification (<week 12 of pregnancy,
>week 12 of pregnancy) as covariates. In Japan, there is a
system for pregnant women to undergo prenatal checkups
at the public expense, and tickets for prenatal checkups are
delivered on pregnancy notification. The WHO recom-
mended that pregnant women should receive prenatal care
before Week 12 of pregnancy [39]. Therefore, pregnancy
notification in >Week 12 of pregnancy means delayed pre-
natal care and a small number of prenatal care sessions.

Statistical analysis

Logistic regression analysis was performed using LBW as
a dependent variable and Internet use for many hours dur-
ing pregnancy as an independent variable. The odds ratio
and 95% confidence interval were calculated. Subse-
quently, as covariates, the child’s sex, mother’s age at the
time of pregnancy, marital status on pregnancy, gravidity,
mother’s work during pregnancy, and weeks of pregnancy
on the notification were input, and multivariate logistic
regression analysis was conducted.

IBM SPSS Statistics 27 was used for the analysis, with
the significance level set at <5%.

Results

Internet use for many hours during pregnancy accounted
for 4.4%. LBW accounted for 7.2% (Table 1).

The results of univariate logistic regression analysis
showed that LBW was associated with Internet use for
many hours during pregnancy (odds ratio = 2.03 (95%CI,
1.08-3.82)) (Table 2).

The results of multivariate logistic regression analysis
also showed the association between LBW and Internet use
for many hours during pregnancy (adjusted odds ratio =
2.16 (95%CI, 1.13—4.13)). Their relationship remained.

There was no multicollinearity of the input variables.
Furthermore, the goodness of model fit was examined us-
ing the Hosmer-Lemeshow testing for goodness of fit, and
the p-value was >0.05.



Discussion

This study clarified the association between Internet use
for many hours during pregnancy and birth at an LBW.
The results of multivariate logistic regression analysis ad-
justed with LBW-associated covariates suggested that the
risk of LBW under Internet use for many hours during

Table 1 Characteristics of pregnant women and infants

N = 2089
n %

Birth weight (n =2089)

>2500 1938 92.8

<2500 151 7.2
Duration of Internet use during pregnancy (n = 2089)

<5 hours/day 1998 95.6

>5 hours/day 91 44
Child’s sex (n =2089)

Boy 1065 51.0

Girl 1024 49.0
Maternal Age (n = 2089)

Others (<35) 1480 70.8

Advanced (>35) 609 29.2
Marital status on pregnancy (n = 2082)

Yes 2031 97.2

No 51 2.4
Gravidity (n =2089)

>Twice 1209 57.9

Once 880 42.1
Work during pregnancy (n = 2078)

No 410 19.6

Yes 1668 79.8
Gestational age on pregnancy notification (n =2079)

<Week 12 of pregnancy 1805 86.4

>Week 12 of pregnancy 274 13.1
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pregnancy is 2.16 times higher than in the absence of such
use. The time for pregnant women to spend on obtaining
knowledge about delivery via the Internet is reportedly <1
hour per day [23]. Internet use for >5 hours may include
use for purposes other than collection of information in
addition to much time spent on collecting information on
delivery, suggesting a potential PIU situation that may lead
to inadequate prenatal care.

When considering the mechanisms behind the associa-
tion between long Internet use during pregnancy and
LBW, in the case of PIU, healthy behavior is neglected
[32], and prenatal care may be insufficient as much as
pregnant women used the Internet. Insufficient prenatal
care [11] is a risk factor for LBW; therefore, inadequate
prenatal care related to Internet use for many hours during
pregnancy may influence birth at an LBW. Furthermore,
poor weight gain or thinness, energy-dense, nutrient-poor
dietary patterns, imbalances in diet, and a variety of nutri-
tional deficiency during pregnancy [13, 14, 16, 17, 40—42]
are risk factors for LBW. In the case of PIU and long
Internet use, devotion to the Internet may lead to thinness
related to a decrease in dietary intake or skipping meals,
nutritional imbalances such as excessive consumption of
bread, sweets, sugary drinks, and fast food, coupled with
insufficient intake of fruits, vegetables, dairy products, and
meat [32, 33, 43—45]; therefore, insufficient nutrient intake
related to Internet use for many hours during pregnancy
may have contributed to LBW. However, in this study, we
did not investigate changes in the nutritional status or body
weight during pregnancy. Further studies are required to
clarify the association and underlying mechanisms be-
tween long Internet use during pregnancy and LBW.

Table 2 Odds ratio of low birth weight and mothers’ Internet use for many hours during pregnancy

Crude Adjusted
OR P OR P
(95%CI) (95%CI)
Internet use for many hours during pregnancy Internet use: <5 hours/day ref ref
Internet use: >5 hours/day 2.03 0.028 2.16 0.019
(1.08-3.82) (1.13-4.13)
Child’s sex Boy ref ref
Girl 1.15 0.400 1.16 0.381
(0.83-1.61) (0.83-1.63)
Maternal Age <35 ref ref
>35 1.57 0.010 1.75 0.002
(1.11-2.21) (1.22-2.50)
Marital status on pregnancy Yes ref ref
No 1.75 0.208 1.75 0.214
(0.73-4.16) (0.72-4.23)
Gravidity >Twice ref ref
Once 1.14 0.453 1.23 0.250
(0.81-1.59) (0.86-1.75)
Work during pregnancy No ref ref
Yes 0.95 0.798 0.94 0.784
(0.63-1.43) (0.62-1.43)
Weeks of pregnancy on the notification <Week 12 of pregnancy ref ref
>Week 12 of pregnancy 0.95 0.847 0.97 0.897
(0.58-1.57) (0.58-1.60)

Notes: OR: odds ratio; CI: confidence interval; ref: reference

Adjusted for the child’s sex, maternal age, marital status on pregnancy, gravidity, work during pregnancy, and weeks of pregnancy on the notification



Although our study indicated an association between
long Internet use during pregnancy and LBW, it remains
unclear whether this association is direct or indirect. Never-
theless, even if the association is indirect, Internet use for
many hours during pregnancy may serve as a potential pa-
rameter when screening pregnant women at risk of LBW.
Therefore, we consider it is necessary to provide appropri-
ate support to pregnant women who use the Internet for
many hours during pregnancy after confirming the presence
or absence of risk factors for LBW, such as malnutrition,
and insufficient prenatal care.

This study has the following 3 limitations: Firstly, a data
sample from a provincial city was used, and the sample
does not represent Japan; there may be a sample bias. In
the future, a similar survey should also be conducted in
urban areas, and the number of samples must be increased.
However, in this study, the rate of LBW was 7.2%, being
within the range from the mean value in OECD countries
(6.5%) to that in Japan (9.4%) [20]. The possibility that
there may have been a bias requiring special consideration
may be low. Secondly, the duration of Internet use per day
was based on mothers’ self-reporting, and there may have
been an information bias. However, a sense of value to
regard Internet use as a bad thing has not been dissemi-
nated, and we cannot conclude that there was a unidi-
rectional bias. Thirdly, we could not use factors for LBW,
that is, mothers’ thinness, weight gain during pregnancy,
smoking and alcohol intake during pregnancy, or econom-
ic situations, as covariates. Furthermore, birth defects are a
risk factor for LBW [46], but there is no system in Japan to
comprehensively track birth defects at birth, which pre-
vented us from excluding cases with birth defects from
our analysis. The inability to examine medical factors re-
lated to LBW using medical data is a major limitation of
this study. In the future, a follow-up survey with these
variables, including medical data, should be conducted.

Conclusions

This study suggested that Internet use for many hours dur-
ing pregnancy leads to LBW through a longitudinal survey,
which is valuable, considering that few studies have exam-
ined Internet use for many hours during pregnancy or PIU.
In the future, evidence on the relationship between Internet
use for many hours during pregnancy and LBW/children’s
growth/development must be accumulated by establishing
a study design to overcome the above limitations.
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