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Abstract

Background: With rapid urbanization in China, an increasing number of rural adults have migrated to cities to seek
job opportunities, leaving their school-aged children behind. These left-behind children (LBC) without one or both
parents usually receive less attention from their caregivers. Whether the parental migration affects the children’s oral
health is not well understood. This study aimed to explore the differences in dental caries status and oral health-related
behaviors between children with different parental migration experiences in a rural area of Southern China.

Methods: A cross-sectional study was conducted in Luchuan County of Guangxi Province in 2015. A total of 1085
school children aged 8–12 participated in this study. Participants’ demographic characteristics, parental migration
information, and eating and oral hygiene habits were collected using a self-administered questionnaire. Dental caries of
permanent teeth was examined using the decayed, missing, and filled tooth (DMFT) index recommended by the
World Health Organization. Dental caries experience and oral health-related behaviors were compared between LBC
and non-LBC, as well as children with different experiences of parental migrations. The impact of various parental
migration attributes on LBC oral health outcomes was examined by univariate and multivariate analyses.

Results: Among the school-aged children examined, 60.9% of them were LBC. Only 29.7% of the children brushed
their teeth regularly; 86.5% of them did not know what fluoride toothpaste was. Caries prevalence was 51.4% for LBC
and 40.8% for non-LBC (p < 0.001). The LBC experienced a greater DMFT mean (1.20 ± 1.59) compared to the non-LBC
(0.85 ± 1.30) (p < 0.001). Oral health-related behaviors were not significantly different between LBC and non-LBC. Dental
caries experience and oral health-related behaviors were not related to the type or duration of parental migration.
Multiple regression analyses showed that parental migration was one of significant predictors of children’s caries
outcome; LBC had a higher risk to caries than non-LBC (95% CI =1.26, 2.09).

Conclusions: These findings indicate that parental migration could be a significant risk factor for caries development
among 8- to 12-year-old school children in rural China.
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Background
Since 1979, China has been undergoing rapid economic
development and urbanization. An increasing number of
rural adults have migrated to cities to seek job opportun-
ities and better income to support their families.

Meanwhile, children of those families usually do not follow
their parents to the cities due to the restrictions of the
Chinese census registration system and personal financial
constraints [1]. As a result, many children have been left
behind in the countryside. These children are usually called
left-behind children (LBC). It was estimated that more than
61 million children nationwide were left behind in 2010, ac-
counting for 37.7% of the total rural children population
and 21.9% of the total population of children in China. The
number of LBC children, most of them preschool and
school-aged children, has increased another 2.42 million
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from 2005 to 2010; one-third of LBC were primarily taken
care of by their grandparents or relatives [2, 3]. A signifi-
cant portion of the LBC live in the central and southern re-
gions of China [2], including Guangxi rural areas from
where people migrant to Guangdong Province, the eco-
nomic development zone. Since the implementation of eco-
nomic reformation and open-door policies, thousands of
adults have migrated from the countryside to metropolitan
areas seeking a better life. It was reported that nearly 1.4
million LBC lived in the rural area of Guangxi in 2014, and
65.9% of them were school-aged children [4].
Parents play a key role in children’s physical and psycho-

logical health development. However, parental migration
usually leads to inadequate parental care of the children,
resulting in physical, psychological and even social health
consequences among LBC [5]. As most primary caregivers
of LBC were grandparents who did not complete middle
school education, they are unaware of the importance of
immunization to a child’s health; hence, the grandparents
often failed to follow the immunization schedules, leading
to a high prevalence of delayed vaccination among LBC
aged 12–72months [6]. LBC are often fed food with a low
nutritional value or high in carbohydrates [7], predispos-
ing those children to a relatively higher risk of wasting,
obesity, and being overweight [8]. Additionally, without
sufficient parent-child communication, LBC were likely to
suffer from a broad range of psychological health prob-
lems, such as depression, anxiety, and loneliness [9–11].
Evidence even suggests that LBC experience poorer
health-related quality of life than non-LBC due to psycho-
social dysfunction [12]. In addition to physical problems
and psychological maladjustments, a previous study
showed that parental migration could cause a series of un-
healthy behavioral problems among LBC and adolescents,
such as Internet addiction, tobacco smoking, and drinking
excessive amounts of sweetened beverages [13]. In
addition, LBC who perceived emotional neglect from their
parents had an increased risk of suicide attempts [14].
Thus, LBC are more vulnerable and may encounter more
difficulties in their lives if their parents are absent.
Dental caries, known as a common chronic childhood

disease around the world, are the primary pathological
cause of tooth loss in children [15]. The most current
Chinese National Oral Health Survey data show that car-
ies prevalence in permanent dentition was 34.5% in 2015
among children of 12 years of age in China, a 7.8% in-
crease compared to that in 2005 [16]. Among 12-year-old
children who lived in the Guangxi rural area, 60.5% of
them had dental caries [17]. The prevalence was twice as
high as the national average. It was hypothesized that a
lack of oral health knowledge, less access to effective
caries prevention programs, and inadequate dental care
services in the Guangxi general population contribute to
the high caries prevalence. Caries development is closely

associated with poor oral health habits, such as frequent
sugar or soft drink intake, not brushing teeth regularly, no
exposure to fluoride, and inadequate oral health care [18].
Early establishment of good oral health habits at a

young age is crucial to reduce caries risk and prevent
disease. Listl, et al. demonstrated that children who grow
up with their non-biological parents consumed more
sugar, juice, cake, cookies, and chocolate then children
grow up with their nature parents. They experienced
more caries, but were less likely to access dental services
[19]. Thus, adopting consistent healthy behavioral habits
in childhood occurs at home and caregivers’ good oral
health practice can be the primary model for children’s
behavior establishment. However, most LBC caregivers
are grandparents older than 60 years old [3], and they
have limited knowledge of oral health or how to teach
the children better oral health behaviors. The present
study aimed to investigate the impact of parental migra-
tion on dental caries and oral health-related behaviors
among LBC aged 8–12 in Luchuan County, Guangxi
Province, China. A caries status examination and a ques-
tionnaire survey on oral health-related behaviors were
conducted. The hypothesis of the study was that LBC
experienced poor oral health outcomes due to parental
migration compared to their non-LBC counterparts who
lived in the same rural areas.

Method
Study participants
A cross-sectional study was conducted from July to De-
cember of 2015 in four randomly selected secondary
schools in the rural area of Luchuan County, Guangxi
Province in Southern China. Luchuan has a population of
109.5 million and a rural population of 75.24 million
(68.7%). The estimated per capita annual net income was
9153 RMB in 2014 for the rural population, which was
slightly higher than the provincial average of 7803 RMB
(2014) [20]. The county was divided into 14 administrative
districts. There were approximately 0.86 million children
enrolled in primary schools in 2015. The sample size for
this study was determined based on a previously reported
caries prevalence of 60.5% among 12-year-old children in
the Guangxi rural area [17]. Therefore, a minimum re-
quired sample size was 1044 school-aged children.
To obtain a representative sample size, a two-stage

sampling technique was employed. In the first stage,
four of the 14 administrative districts were randomly se-
lected in Luchuan County. In the second stage, a cluster
sampling method was performed. One primary school in
each selected administrative district was selected. All of
the children aged 8–12 in the four-selected school were
invited to participate in the study. The response rate was
99.1%. A written-informed consent was obtained from
each child’s caregiver in advance. Children who were
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orphans, of single-parent families, could not answer the
questionnaire. Ten children who did not cooperate with
an oral examination were excluded. Finally, a total of
1085 school children were enrolled in the study.The
study protocol was approved by the Ethics Committee of
College of Stomatology, Guangxi Medical University.

Data collection
Information on parental migration experience
In the study, the LBC were defined as children who were
under 18 years of age, had been left behind at their ori-
ginal residence while one or both of the parents mi-
grated to other places for work and were not cared for
by their biological parents [3]. Two questions related to
parental immigration were evaluated: 1) children were
asked about which of their parents migrates to other
places for work (father-only, mother-only, both parents,
and none of the parents), and 2) for the children with
parental migration, they were asked how often their par-
ents came back home (≤3 months, 4–6 months, 7–12
months, 1–2 years, and > 2 years).

Questionnaire survey
A questionnaire survey was conducted with the children
first, based on the fourth Chinese National Oral Health
Survey Methods [16]. Information collected included the
following: 1) participates’ demographic background, in-
cluding children’s gender and age; 2) parental migration
experience; 3) children’s eating habits, including intake
frequency of sugary snacks, beverages, and drinks with
added sugar; and 4) children’s oral health behaviors, in-
cluding tooth brushing habits, use of fluoride toothpaste,
and oral health education history. The questionnaire was
pilot tested and validated among 120 8- to 12-year-old
children prior to the study. In the study, the question-
naires were distributed to all children in their classrooms
and completed under the supervision of the investigators.

Caries examination
Clinical examinations were performed in the classroom
under natural light with the children lying on a desk and
the examiner seated on a chair behind the subject. The
examiner was trained and calibrated for dental caries diag-
nosis based on the World Health Organization (WHO)
Health Survey Methods for field studies [21]. Caries status
was recorded using the decayed, missing, and filled tooth
(DMFT) index for permanent teeth. An intra-examiner
calibration was performed weekly. The intra-examiner
kappa values for DMFT scores were > 0.85.

Data analysis
The main outcome of the study was children’s caries status
(caries prevalence and DMFT score), and the primary inde-
pendent variables included parental migration (LBC verses

non-LBC) and type and duration of parental migration.
The secondary assessed variables were children’s oral
health-related behaviors. The main testing hypothesis was
that parental migration experience, including parental mi-
gration and the type and duration of parental migration
would influence children’s oral health behavior, thus result-
ing in an increased risk for dental caries. In the analysis,
caries experience was dichotomized as absent or present
and the disease severity was reported based on DMFT score
and treated as a continuous variable. Analysis of variance
(ANOVA), Chi-square test, and non-parametric test were
used to examine and compare the distribution of the demo-
graphic variables, and all other categorical and continuous
variables were examined between LBC and non-LBC, vari-
ous types of parental migration, and durations of parental
migration experience (dichotomized as ≤6months and > 6
months). Multivariate logistic regression analyses were used
to examine potential relationship between the parental mi-
gration experience and caries prevalence as well as the oral
health-related behaviors among the left-behind children,
controlling demographic and other potential confounding
variables. All data analyses were processed via SPSS statis-
tical software v.24.0 (IBM, Armonk, NY, US). All tests were
two-sided, and p < 0.05 was considered significant.

Results
In total, 1085 school children aged 8–12 participated
(49.4% boys and 50.6% girls) in this study, and their average
age was 10.06 ± 1.35 years. Among these children, 60.9%
(N = 661) of them were LBC, and 39.1% (N = 424) of them
were non-LBC. Among the LBC, one-third of them lived
without fathers and more than half of them lived without
both parents, and 44.2% of their migrant parents left for
more than 6months (Table 1). Almost one-third of the
children consumed sugary snacks or sweet beverages fre-
quently (equal to or more than once per day). Only 29.7%
of the children brushed their teeth twice per day; 86.5% of
them did not know what fluoride toothpaste was. None of
the children had received oral health education (Table 1).
Overall, caries prevalence in permanent dentition of the

1085 children was 47.3% with a mean DMFT score of 1.06
(SD± 1.50). The study also found that female children and
older children experienced more dental caries (p < 0.001)
compared to male and younger children (Table 2). The LBC
group showed a significantly higher caries prevalence com-
pared to the non-LBC group (51.4% vs. 40.8%; p < 0.001)
(Table 2). The LBC group also experienced higher mean
DMFT scores than the non-LBC group (1.20 ± 1.59 vs. 0.85
± 1.30; p < 0.001). In addition, children without a father or
both parents present experienced more caries compared to
the non-LBC group (Table 2). Interestingly, there were no
significant differences between various parental migration
experiences and children’s gender, age, dietary habits, or oral
health practice (Table 3).
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After controlling for the demographic and other po-
tential confounding factors, parental migration was sig-
nificantly correlated to higher caries prevalence (95% CI
=1.26, 2.09). No multicollinearity was detected among
the independent variables in the regression models. In
addition to the parental migration experience, the final
multiple regression analysis model demonstrated that

gender and age were also significant contributing factors
to the increased risk for dental caries (p < 0.001). The
final Hosmer-Lemeshow test with a p-value of 0.80 indi-
cated that the final reduced model was a good fit in pre-
dicting caries outcome in the LBC population (Table 4).

Discussion
This cross-sectional study showed that the prevalence of
LBC was 60.9%, similar to the data among the school
children population of Guangxi in 2014 (65.9%) [4], but
higher than that in the previous studies [12, 13]. One ex-
planation could relate to the use of different LBC defini-
tions. Some studies have suggested that the definition of
LBC includes parental migration of at least 6 months
[12, 13]. The present study used the definition proposed
by the China Women’s Federation without a time limita-
tion for the parental migration [3]. Another reason
might be the age differences between the present studies
compared to previous studies in which older children
were examined. The proportion of LBC among adoles-
cent children is usually lower than that among primary
school children [3]. Boys or older children usually
followed their parents to work in the cities; girls or
younger children were usually left behind at home [3].
In our study, there were no differences between genders
and age groups between the LBC and non-LBC groups.
More than half of LBC lived without both parents and
need more attention paid to their health condition. The
result was similar to the previous report [3].
The overall caries prevalence in permanent teeth was

47.3% in the study population of a rural area of Luchuan.
The prevalence was lower than that in the survey in
Guangxi [17]. In the previous survey, children aged 12,
as the standard age-group by WHO, were examined
representing the caries status of permanent dentition. In
the present study, children aged 8–12 were included and
the caries prevalence was significantly correlated with
age increase. Girls were found to have higher caries
prevalence and DMFT scores, a finding consistent with
the previous study [17], and the girls most likely pre-
ferred a higher sweet consumption compared with boys.
Several studies have demonstrated that children with

parental migration would be more prone to have physical
and psychological problems [5–11]. In this study, we ob-
served that left-behind children were at higher risk of den-
tal caries in the rural area of Luchuan. The overall
parental migration experience, rather than the type or
duration of parental migration, was significantly associated
with the higher caries prevalence and higher DMFT scores
among the LBC. The findings suggest that parental migra-
tion could be an important contributing factor for the in-
creased susceptibility for caries among LBC by means of
direct (oral health neglect) or indirect (unhealthy oral
health behaviors) actions. Parental migration has been

Table 1 Characteristics of the study population (N = 1085)

Variables Frequency (N) Percentage (%)

Gender

Boy 536 49.4

Girl 549 50.6

Age (years old)

8–9 393 36.2

10 258 23.8

11–12 434 40.0

Parental migration

LBC 661 60.9

Non-LBC 424 39.1

Type of parental migration (N = 661)

Father-only migration 213 33.2

Mother-only migration 89 13.5

Both parent migration 359 54.3

Duration of parental migration (N = 661)

≤ 6 months 369 55.8

> 6months 292 44.2

Frequency of sugary snack intake

< once/day 750 69.1

≥ once/day 335 30.9

Frequency of sugary beverages intake

< once/day 789 72.7

≥ once/day 296 27.3

Frequency of drinka with added sugar intake

< once/day 845 77.9

≥ once/day 240 22.1

Tooth brushing frequency

Not every day 105 9.7

Once/day 658 60.6

≥ twice/day 322 29.7

Fluoride toothpaste use

Yes 74 6.8

No 73 6.7

Unknown 938 86.5

Having received oral health education or not

Yes 0 0

No 1085 100
aMilk, tea, coffee, soybean milk
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considered a risk factor for unhealthy behaviors among
school-aged LBC, such as cigarette smoking, excessive
drinking of sweetened beverages or alcohol, and macronu-
trient intake [13, 22, 23]. The plausible pathways through
which parental migration affects children’s health behav-
iors can be complex and multi-factorial. First, the out-
comes may be related to oral health perception of the
grandparents who are the main caregivers of the children

left behind. A study by Zhang, et al. reported that the
health knowledge and health behaviors of caregivers could
influence the children’s health habits [22]. Second, the
outcomes might be associated with children’s satisfaction
by substances from their parents [24]. Parents who are ab-
sent from their children usually feel guilty and they may
compensate the children with more pleasant substances,
often containing added sugar. Third, increasing family

Table 2 Dental caries experience of the study population (N = 1085)

Variables Dental caries experience

Absent Present DMFT Score

N (%) N (%) p value* Mean ± SD p value†

Total 572 (52.7) 513 (47.3) 1.06 ± 1.50

Gender

Boy 313 (58.4) 223 (41.6) < 0.001 0.86 ± 1.28 < 0.001

Girl 259 (47.2) 290 (52.8) 1.26 ± 1.65

Age (years)

8–9 250 (63.6) 143 (36.4) < 0.001 0.69 ± 1.16 < 0.001

10 121 (46.9) 137 (53.1) 1.12 ± 1.46

11–12 201 (46.3) 283 (53.7) 1.36 ± 1.70

Parental migration

Non-LBC 251 (59.2) 173 (40.8) 0.85 ± 1.30

LBC 321 (48.6) 340 (51.4) < 0.001 1.20 ± 1.59 < 0.001

Type of parental migration

Non-LBC 251 (59.2) 173 (40.8) 0.004 0.85 ± 1.30 0.002

Father-only migration 100 (46.9) 113 (53.1) 1.23 ± 1.48

Mother-only migration 49 (55.1) 40 (44.9) 1.20 ± 1.91

Both parent migration 172 (47.9) 187 (52.1) 1.17 ± 1.58

Duration of parental migration

Non-LBC 251 (59.2) 173 (40.8) 0.001 0.85 ± 1.30 < 0.001

≤ 6 months 169 (45.8) 200 (54.2) 1.24 ± 1.56

> 6months 152 (52.1) 140 (47.9) 1.14 ± 1.64

Frequency of sugary snack intake

< once/day 399 (53.2) 351 (46.8) 0.635 1.17 ± 1.50 0.917

≥ once/day 173 (51.6) 162 (48.4) 1.04 ± 1.48

Frequency of sugary beverages intake

< once/day 405 (51.3) 384 (48.7) 0.135 1.10 ± 1.50 0.100

≥ once/day 167 (56.4) 129 (43.6) 0.96 ± 1.48

Frequency of drink with added sugar intake

< once/day 438 (51.8) 407 (48.2) 0.273 1.10 ± 1.53 0.170

≥ once/day 134 (55.8) 106 (44.2) 0.93 ± 1.39

Tooth brushing frequency

Not every day 62 (59.0) 43 (41.0) 0.386 0.89 ± 1.34 0.900

Once/day 341 (51.8) 317 (48.2) 1.08 ± 1.53

≥ twice/day 169 (52.5) 153 (47.5) 1.09 ± 1.48

*Chi-square test
†Non-parametric Kruskal-Wallis test
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income may be a contributing factor. National data have
shown that income levels are higher for migrants than
their rural counterparts [25]. In China, rising affluence has
also been shown to increase unhealthy behaviors and con-
tribute to obesity and being overweight, as children with
higher family incomes are more likely to have opportun-
ities for unhealthy choices [26, 27].
Luchuan County is known as a labor export county. The

per capita annual net income in Luchuan was higher than
the provincial average in 2014. Previous studies have re-
ported that children who are raised by one parent, grand-
parents or other relatives are more likely to face health and
social-behavioral developmental challenges [6, 22, 28, 29].
One of the study assumptions was that commercial sugary
snacks and beverages are accessible and affordable to the
general community, and therefore dietary factors and poor
oral hygiene might influence the caries outcome, particu-
larly among LBC. The results show that the LBC experi-
enced more dental caries. However, whether one parent or
two parents left home, the children still suffered from simi-
lar dental caries experiences and had similar oral health be-
haviors. Although no significant relationship was found

between parental migration experience and oral health re-
lated behaviors, we found that children in this rural com-
munity have not received adequate oral health instruction.
One in three children had sugary snacks or beverages regu-
larly. Majority of the children have never used fluoride
toothpaste. The development of caries is a complicated
process, depending on many factors, such as tooth develop-
ment defects, cariogenic microbial colonization, dynamics
of the oral environment, dietary habits, oral health-related
behaviors, and medical care [18]. Currently, the literature
on the characteristics of parental migration and the impacts
on children’s health are lacking. Whether and how the par-
ental migration practice impacts children’s dental caries is
still unclear; therefore, further studies are needed to eluci-
date the possible biological connections.
Although the study did not observe a significant rela-

tionship between parental migration experience and oral
heath behaviors, a few points are worth noting. First, the
study found that only 29.7% of children aged 8–12
brushed their teeth twice a day. The results are similar to
the recently published national survey data, which showed
that 24.1% of 5-year-old and 31.9% of 12-year-old children

Table 3 Comparisons of oral health-related variables between various experiences of parental migration (N = 1085)

Variables Parental migration Types of migration Duration of migration

Non-LBC
N (%)

LBC
N (%)

Father-only
N (%)

Mother-only
N (%)

Both parent
N (%)

≤ 6 months
N (%)

< 6 months
N (%)

424 661 213 89 359 369 292

Gender

Boy 218 (51.4) 318 (48.1) 91 (42.7) 46 (51.7) 181 (50.4) 169 (45.8) 149 (51.0)

Girl 206 (48.6) 343 (51.9) 122 (57.3) 43 (48.3) 178 (49.6) 200 (54.2) 143 (49.0)

Age (years old)

8–9 137 (32.3) 256 (38.7) 80 (30.8) 36 (40.4) 140 (39.0) 136 (36.9) 120 (41.1)

10 101 (23.8) 157 (23.8) 101 (38.7) 22 (24.7) 82 (22.8) 84 (22.8) 73 (25.0)

11–12 186 (43.9) 248 (37.5) 80 (30.8) 31 (34.8) 137 (38.2) 149 (40.4) 99 (33.9)

Frequency sugary snack intake

< once/day 288 (67.9) 462 (69.9) 154 (72.3) 62 (69.7) 246 (68.5) 258 (69.9) 204 (69.9)

≥ once/day 136 (32.1) 199 (30.1) 59 (27.7) 27 (30.3) 113 (31.5) 111 (30.1) 88 (30.1)

Frequency of sugary beverages intake

< once/day 299 (70.5) 490 (74.1) 159 (56.0) 65 (54.6) 266 (74.1) 280 (75.9) 210 (71.9)

≥ once/day 125 (29.5) 171 (25.9) 125 (44.0) 54 (45.4) 93 (25.9) 89 (24.1) 82 (28.1)

Frequency of drink with added sugar intake

< once/day 332 (78.3) 513 (77.6) 152 (71.4) 73 (82.0) 288 (80.2) 283 (76.7) 230 (78.8)

≥ once/day 92 (21.7) 148 (22.4) 61 (28.6) 16 (18.0) 71 (19.8) 86 (23.3) 62 (21.2)

Tooth brushing frequency

Not every day 33 (7.8) 72 (10.9) 23 (10.8) 10 (11.2) 39 (10.9) 41 (11.0) 31(10.6)

Once/day 259 (61.1) 399 (60.4) 115 (54.0) 59 (66.3) 225 (62.7) 216 (58.5) 183 (62.7)

≥ twice/day 132 (31.1) 190 (28.7) 75 (35.2) 20 (22.5) 95 (26.5) 112 (30.4) 78 (26.7)

All the groups with different experiences of parental migration were compared between LBC and non-LBC. All p-values were > 0.05. The comparisons within
different experiences of parental migration were not statistically significant (All p-values > 0.05). The exact p-values for all the comparisons were listed in the
Additional file 1: Table S1
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in the similar region brushed their teeth twice a day [16].
Second, the study found that 86.5% of children in
Luchuan County did not know what fluoride toothpaste
was and none of these children living in the rural area had
received oral health education. Additionally, sugar con-
sumption is a well-known risk factor for caries develop-
ment [30, 31]. Children grow up with single biological

parent or both non-biological parents showed different
sugar consumption patterns compared with children grow
up with both biological parents [19]. However, the sugar
factor was excluded from the final multiple regression
model. One possible explanation could be a lack of details
on the dietary questions for this specific population in the
questionnaire survey, which was used for the general

Table 4 Summary of logistic regression analysis for children’s caries status in relation to parent’s migration status, children’s sugar
consumption and oral health habit (N = 1085)

Variables Caries status ORs for caries status (95% CI)

Present (%) Full model a Reduced model b

Total 513 (47.3)

Gender

Boy 223 (41.6) 1.00 (referent) 1.00 (referent)

Girl 290 (52.8) 1.56 (1.22–2.00) 1.59 (1.24, 2.03)

Age (years old)

8–9 143 (36.4) 1.00 (referent) 1.00 (referent)

10 137 (53.1) 2.08 (1.50, 2.89) 2.08 (1.51, 2.88)

11–12 283 (53.7) 2.09 (1.57, 2.73) 2.15 (1.62, 2.86)

Parental migration

Non-LBC 340 (51.4) 1.00 (referent) 1.00 (referent)

LBC 173 (40.8) 1.52 (1.09, 2.11) 1.62 (1.26, 2.09)

Type of parental migration

Non-LBC 173 (40.8)

Father-only migration 113 (53.1) 1.00 (referent)

Mother-only migration 40 (44.9) 0.97 (0.68,1.38)

Both parent migration 187 (52.1) 0.72 (0.45, 1.17)

Duration of parental migration

Non-LBC 173 (40.8)

≤ 6 months 200 (54.2) 1.00 (referent)

> 6 months 140 (47.9) 1.26 (0.91, 1.74)

Frequency sugary snack intake

< once/day 351 (46.8) 1.00 (referent)

≥ once/day 162 (48.4) 0.80 (0.59, 1.08)

Frequency of sugary beverages intake

< once/day 384 (48.7) 1.00 (referent)

≥ once/day 129 (43.6) 1.13 (0.82, 1.56)

Frequency of sugar added drink intake

< once/day 407 (48.2) 1.00 (referent)

≥ once/day 106 (44.2) 1.17 (0.84, 1.62)

Tooth brushing frequency

Not everyday 43 (41.0) 1.00 (referent)

Once/day 317 (48.2) 1.18 (0.74, 1.88)

≥ twice/day 153 (47.5) 1.18 (0.76, 1.82)
aFull model summary: -2Log likelihood = 1435.627; Cox and Snell R2 = 0.058; Nagelkerke R2 = 0.078; Chi-square for the full model = 65.292; df = 12, p < 0.001; Chi-
square for Hosmer and Lemeshow test = 7.585; df = 8; p = 0.475; the overall percentage correct = 59.5
bReduced model summary: -2Log likelihood = 1442.658; Cox and Snell R2 = 0.052; Nagelkerke R2 = 0.070; Chi-square for the reduced model = 58.261; df = 4, p <
0.001; Chi-square for Hosmer and Lemeshow test = 3.818; df = 7; p = 0.800; the overall percentage correct = 59.4
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population in the fourth National Oral Health Survey con-
ducted in 2015 [16]. There were six scales of answers for
sugar or added sugary intake-related questions (seldom,
1–3 times per month, once per week, 2–6 times per week,
once per day and more than twice per day). In a rural area
such as Luchuan County, the sweet consumption is rela-
tively low compared to the national average. Therefore, a
suitable specially designed questionnaire is needed for fu-
ture studies.
This cross-sectional observational study is one of the few

studies focusing on evaluating the effect of parental migra-
tion on dental disease outcome and oral health-related be-
haviors of school-aged children left behind in China. Based
on the sufficient randomly selected sample size and mul-
tiple regression analyses approach, the study provides new
evidence to support the potential association between par-
ental migration and poor oral health and urgent interven-
tion needs for the LBC population. There were several
limitations in this study. Firstly, it is a cross-sectional study,
and therefore cannot be used to interpret cause-effect rela-
tionships between parental migration and children’s dental
caries or oral health related behaviors. Since it was a
cross-sectional study, and we can’t measure how the caries
experience before parental migration would impact the
children’s later caries experience. Secondly, in addition to
the imprecise questionnaire survey, the demographic and
oral health-related behavioral questions were self-reported
by the children, which could be prone to error. Thirdly, the
final regression model, including gender, age, and parental
migration can only explain 5.2% of caries variation, indicat-
ing that caries development and caries risk prediction in-
deed involves multiple genetic, biological, microbial,
environmental, and socio-behavioral factors [18, 32]. More-
over, the China Women’s Federation reported that almost
20% of LBC’s parents leave home before their children’s
first birthday. A significant portion of the LBC was left be-
hind during first 3months of their life without adequate
breast feeding [3]. It is not clear how the timing of a
mother’s migration affects the development of a baby’s im-
mune system and their risk not only for oral diseases but
also to their general health status. Further studies are
needed to investigate those questions.

Conclusions
In summary, our study provides new evidence that
left-behind school-aged children in the countryside of
Southern China are vulnerable and at an increased risk of
dental caries.
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between various experiences of parental migration (N = 1085). (XLS 33 kb)

Acknowledgements
The study was funded by Guangxi Higher Education Research Projects (No.
LX2014084) and Guangxi Nature and Science Fund (No.2015GXNSFBA139127)
of China and supported by the Department of Pediatric Dentistry, College of
Stomatology, Guangxi Medical University. We want to thank the Luchuan
Department of Education, the administrators, teachers, and public health
officials affiliated with all of the schools involved in the study for their assistance
and the children for their cooperation. The funder had no role in the study
design, data collection and analysis, decision to publish, or preparation of the
manuscript. The authors report no conflicts of interest related to this study.

Funding
This study was supported by Guangxi Higher Education Research Projects (No.
LX2014084) and Guangxi Nature and Science Fund (No. 2015GXNSFBA139127).

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Authors’ contributions
Dr. Rongmin Qiu and Dr. Hua Huang designed the study. Dr. Hua Huang was
responsible for training and supervising the project investigators. Dr. Manisha
Malla, Dr. Junyu Yao, Dr. Dan Mo, and Dr. Neha Dhakal performed the research
and were responsible for data collection and entry. Dr. Rongmin Qiu and Dr.
Yihong Li were responsible for the data analysis, interpretation, and manuscript
preparation. All of the authors read and approved the final manuscript.

Ethics approval and consent to participate
The study design and protocol were approved by the Ethics Committee of
College of Stomatology, Guangxi Medical University, and written informed
consent for participation was obtained from the children’s caregivers.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Pediatric Dentistry, College &Hospital of Stomatology,
Guangxi Key Laboratory of the Rehabilitation and Reconstruction of Oral and
Maxillofacial Research, Guangxi Key Laboratory of Treatment and Research
for Oral and Maxillofacial Surgery Disease, Guangxi Medical University, 10
Shuangyong Road, 530021, Nanning, Guangxi Province, China. 2Department
of Basic Science Craniofacial Biology, College of Dentistry, New York
University, New York 10010, USA.

Received: 15 December 2017 Accepted: 30 November 2018

References
1. Wen M, Su S, Li X, Lin D. Positive youth development in rural China: the role

of parental migration. Soc Sci Med. 2015;132:261–9.
2. China Women's Federation: Research Report on Rural Left-behind Children.

2013. [http://acwf.people.com.cn/n/2013/0510/c99013-21437965.html].
Accessed 10 May 2013.

3. Duan CR, Yang K. Research Report on Rural Left-behind Children in the
countryside of China. Population of Research [In Chinese]. 2008;32(3):15–25.

4. Guan H: 1.422 million children in the rural area of Guangxi. 2014. [http://
news.163.com/14/1219/09/ADQLO0QV00014AED.html]. 19 December 2014.

5. Wang L, Wei Y, Ma Y, Wang T. Fundamental literature and hot topics on
rural left-behind children in China: a bibliometric analysis. Child Care Health
Dev. 2016;42(6):852–8.

6. Ni ZL, Tan XD, Shao HY, Wang Y. Immunisation status and determinants of left-
behind children aged 12-72 months in Central China. Epidemiol Infect. 2017;
145(9):1763–72.

Qiu et al. BMC Oral Health          (2018) 18:207 Page 8 of 9

https://doi.org/10.1186/s12903-018-0683-3
http://news.163.com/14/1219/09/ADQLO0QV00014AED.html
http://news.163.com/14/1219/09/ADQLO0QV00014AED.html


7. Ma S. China's "left behind" children often suffer health consequences. CMAJ.
2010;182(16):E731–2.

8. Mo X, Xu L, Luo H, Wang X, Zhang F, Gai Tobe R. Do different parenting patterns
impact the health and physical growth of 'left-behind' preschool-aged children?
A cross-sectional study in rural China. Eur J Pub Health. 2016;26(1):18–23.

9. Ai H, Hu J. Psychological resilience moderates the impact of social support
on loneliness of "left-behind" children. J Health Psychol. 2016;21(6):1066–73.

10. Cheng J, Sun YH. Depression and anxiety among left-behind children in
China: a systematic review. Child Care Health Dev. 2015;41(4):515–23.

11. He B, Fan J, Liu N, Li H, Wang Y, Williams J, Wong K. Depression risk of 'left-
behind children' in rural China. Psychiatry Res. 2012;200(2–3):306–12.

12. Huang Y, Zhong XN, Li QY, Xu D, Zhang XL, Feng C, Yang GX, Bo YY, Deng B.
Health-related quality of life of the rural-China left-behind children or adolescents
and influential factors: a cross-sectional study. Health Qual Life Outcomes. 2015;13:29.

13. Gao Y, Li LP, Kim JH, Congdon N, Lau J, Griffiths S. The impact of parental
migration on health status and health behaviours among left behind
adolescent school children in China. BMC Public Health. 2010;10:56.

14. Chen J, Chen MC, Sun YH, Zhao X, Sun L, Jiang YH, Lu XL. Wu ZQ: suicide
ideation and its influential factors among primary and junior high school
students in rural areas of Anhui province [in Chinese]. Zhonghua Liu Xing
Bing Xue Za Zhi. 2013;34(3):245–9.

15. American Dental Hygiene Association: What causes tooth loss? 2006. [http://
www.adha.org/faqs/index.html]. Accessed 15 August 2006.

16. National Health and Family Planning Commission of the People's Republic
of China: Report of the Forth National Epidemiological Survey on Oral
Health [In Chinese]. 2017. [http://www.gov.cn/xinwen/2017-09/19/content_
5226124.htm#1]. Accessed 20 September 2017.

17. Li Q. Oral health status and associated risk factors in children in Guangxi [In
Chinese]. Master degree thesis. Nanning, Guangxi: Guangxi Medical University; 2009.

18. Fisher-Owens SA, Gansky SA, Platt LJ, Weintraub JA, Soobader MJ, Bramlett
MD, Newacheck PW. Influences on children's oral health: a conceptual
model. Pediatrics. 2007;120(3):e510–20.

19. Listl S. Family composition and children's dental health behavior: evidence
from Germany. J Public Health Dent. 2011;71(2):91–101.

20. Guangxi Statistical Bereau: 2014 Statistical yearbook of Guangxi. China
Statistics Press; 2015.[http://www.gxtj.gov.cn/tjsj/tjnj/2015/indexch.htm].

21. World Health Organization. Oral health surveys: basic methods. 5th ed.
Geneva: World Health Organization; 2013. Available from: http://www.who.
int/oral_health/publications/9789241548649/en/.

22. Yang T, Li C, Zhou C, Jiang S, Chu J, Medina A, Rozelle S. Parental migration
and smoking behavior of left-behind children: evidence from a survey in
rural Anhui. China Int J Equity Health. 2016;15(1):127.

23. Zhang N, Becares L, Chandola T. A multilevel analysis of the relationship
between parental migration and left-behind children's macronutrient
intakes in rural China. Public Health Nutr. 2016;19(11):1913–27.

24. Shi S, Cui W. Status of health problem of left-behind children [in Chinese].
Chin. J Sch Health. 2012;33(6):757–9.

25. Hu X, Cook S, Salazar MA. Internal migration and health in China. Lancet.
2008;372(9651):1717–9.

26. Jiang T, Lu R, Zhang J. Survey of risk behavior relevant to health
andinfluential factors in children of two cities in Sichuan Province [in
Chinese]. Chin tropical. Medicine. 2006;143(14):164–5.

27. Tao F, Gao M, Wei G, Li Y, Zhang J, Su P. Demographic characteristics of
health risk behaviors among middle school students in Hefei [in Chinese].
Chin J School Health. 2003;24(6):571–3.

28. Sun X, Zhou Z, Wang Y, Fan C. Loneliness of children left in rural areas and
its relation to peer relationship [in Chinese]. Psychol Sci. 2010;33(337–40).

29. Fan X, Liu Q, Liu Y. A social adaptation comparison of migrant children, rear
children, and ordinary children [in Chinese]. J of Beijing Normal University
(Social Sciences). 2009;215:33–40.

30. Jin LJ, Lamster IB, Greenspan JS, Pitts NB, Scully C, Warnakulasuriya S. Global
burden of oral diseases: emerging concepts, management and interplay
with systemic health. Oral Dis. 2016;22(7):609–19.

31. Stevens A, Hamel C, Singh K, Ansari MT, Myers E, Ziegler P, Hutton B, Sharma A,
Bjerre LM, Fenton S, et al. Do sugar-sweetened beverages cause adverse
health outcomes in children? A systematic review protocol. Syst Rev. 2014;3:96.

32. Teng F, Yang F, Huang S, Bo C, Xu ZZ, Amir A, Knight R, Ling J, Xu J.
Prediction of early childhood caries via spatial-temporal variations of oral
microbiota. Cell Host Microbe. 2015;18(3):296–306.

Qiu et al. BMC Oral Health          (2018) 18:207 Page 9 of 9

http://www.adha.org/faqs/index.html
http://www.adha.org/faqs/index.html
http://www.gov.cn/xinwen/2017-09/19/content_5226124.htm#1
http://www.gov.cn/xinwen/2017-09/19/content_5226124.htm#1
http://www.gxtj.gov.cn/tjsj/tjnj/2015/indexch.htm
http://www.who.int/oral_health/publications/9789241548649/en/
http://www.who.int/oral_health/publications/9789241548649/en/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Study participants
	Data collection
	Information on parental migration experience
	Questionnaire survey
	Caries examination

	Data analysis

	Results
	Discussion
	Conclusions
	Additional files
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

