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Abstract

Background: Currently, the number of children living with HIV is the highest ever. This has led to an increased
focus on a healthy life expectancy in this population. Improving oral health status may contribute to improved
immunity, which could in turn lead to greater overall health in this population. This study aims to evaluate the
effectiveness of an oral health intervention in improving oral health and immune status among children living with
HIV in Cambodia.

Methods: A randomized controlled trial will be conducted in Phnom Penh from May 2018 to April 2020. Among
520 dyads of children living with their respective caregivers, half will be randomly allocated to the intervention
group and the other half to the control group. Children aged 3–15 years who are currently receiving antiretroviral
therapy at the National Pediatric Hospital will be recruited. In addition, 260 HIV-uninfected children (age-matched to
the intervention group) will be recruited from the communities. They, together with their caregivers, will comprise
the second control group. The main components of the intervention will include oral health education sessions for
the children, as well as daily oral self-care under the supervision of their caregivers. The primary study outcome will
be the change in oral health status including the number of decayed, missing, or filled permanent teeth, and the
secondary outcome will be CD4 count. The effects of the intervention will be assessed by comparing outcome
indicators between the children in the intervention and those in the control groups.

Discussion: This trial will investigate the effects of an oral health intervention on the improvement of oral health
and immune status among children living with HIV and determine the differences compared with the control
groups. This intervention would encourage the promotion of oral health interventions among children living with
HIV and thus contribute to delaying the onset of AIDS.

Trial registration: Current Controlled Trials, International Standard Randomized Controlled Trial Number Register,
ISRCTN15177479. Registered on 17 January 2018.

Keywords: HIV, Child, Randomized controlled trials, Cambodia, Community-based, Oral care
* Correspondence: kikuchi.kimiyo.715@m.kyushu-u.ac.jp
1Institute of Decision Science for a Sustainable Society, Kyushu University,
3-1-1, Maidashi, Higashi-ku, Fukuoka 812-8582, Japan
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-018-3047-z&domain=pdf
http://orcid.org/0000-0002-9397-4327
http://www.isrctn.com/ISRCTN15177479
mailto:kikuchi.kimiyo.715@m.kyushu-u.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Kikuchi et al. Trials          (2018) 19:673 Page 2 of 9
Background
Antiretroviral therapy (ART) has reduced the incidence
of new HIV infections worldwide by two thirds in the
last 15 years [1]. Accordingly, the lives of many people
living with HIV have been saved, and their life expectan-
cies have increased. In high-income countries, the life
expectancy of people living with HIV who begin ART at
20 years of age has increased from 36 to 49 years, similar
to that of the general population [2]. Among children
living with HIV, the mean life expectancy has doubled
from 9 to 18 years [3], and the majority of children living
with HIV receiving ART in low- and middle-income
countries have reached adolescence [4]. These thera-
peutic advances have yielded the highest-ever number of
people living with HIV worldwide, approximately 36.7
million in 2016 [1]. This expansion has led to an
increased focus on a healthy life expectancy in this
population, although further improvement is required.
Oral health has been identified as a key factor in a healthy

life expectancy [5]. In general, a healthy oral status corre-
lates with various parameters of overall health, such as
immunity, nutrition status, and cognitive function [6–9]. In
addition to dental problems, an unhealthy oral status may
affect the healthy physical and mental development of chil-
dren due to malnutrition, developmental delays, or a lower
quality of life [10, 11]. An unhealthy oral status may also
predispose one to future lifestyle diseases [12] and may
correlate with a high number of disability-adjusted life years
[13]. Therefore, the World Health Organization (WHO)
recommends initiating oral health care during early
childhood [9, 14].
Previous studies have also considered the relationship

between oral health and overall health status among
adults living with HIV. Periodontal disease was found to
correlate with the development of AIDS [15, 16]. A
lower immune status has been suggested to correlate
with the frequency of oral lesions [17] or caries [18, 19].
HIV-infected people with an advanced stage of immune
suppression are often diagnosed with xerostomia due to
the reduction of salivary flow. Lower salivary flow hin-
ders the salivary pH level recovery, thus making the oral
environment favorable to dental caries [20, 21]. How-
ever, studies evaluating the effectiveness of an oral health
intervention in improving the overall health status
remain scarce among people living with HIV, and a
higher level of evidence, such as that generated through
a randomized controlled trial, is needed. Particularly, it
would be extremely important to determine a causal
relationship between oral health and the immunity level,
which is generally measured by CD4 count, to contrib-
ute to a delayed onset of AIDS. It is particularly import-
ant to address these issues in children living with HIV,
given the potential effects of poor oral health and mal-
nutrition on maturation to adulthood and the finding
that the transition from infection to AIDS and death is
compressed in children [22]. Early evaluation and treat-
ment of oral health would therefore be particularly
important in terms of the quality of life and longevity in
the pediatric population [22].
Furthermore, studies should investigate similarities

and differences in the oral health status of children living
with HIV relative to that of their HIV-uninfected peers,
particularly in response to an oral health intervention.
Oral health may have a more prominent effect on overall
health status among children living with HIV; this popu-
lation tends to develop more dental caries [22] and have
worse oral lesion statuses [23, 24] relative to their unin-
fected peers. These discrepancies are partly attributable
to the use of ART [22].
Although Cambodia has successfully reduced the inci-

dence of new HIV infections, the prevalence of HIV in
the general population remains high (0.6% in 2014) rela-
tive to that of other Asian countries [25]. In Cambodia,
an estimated 4200 children aged younger than 15 years
are currently living with HIV [26]; 87% of these children
received ART in 2016 [27]. Concomitantly, pediatric oral
health is a critical issue in Cambodia. According to the
WHO, the estimated mean number of decayed, missing,
or filled teeth (DMFT) among 12-year-olds in Cambodia
was 5.50 between 2010 and 2012, compared to the glo-
bal and Western Pacific Region averages of 1.67 and
1.39, respectively [28]. A study of 6-year-old children
conducted in Pailin, Kampong Thom, and Kratie,
Cambodia, reported the estimated mean number of
DMFT as 7.90 [29]. In another study of school children
conducted in the capital city of Phnom Penh, the
reported mean DMFT was 2.33 [30]. Further, a study
conducted in Siem Reap found that more than half of all
children aged 6–16 years had dental caries in their per-
manent teeth [31], a condition that has been largely at-
tributed to poor tooth brushing habits [31, 32]. Oral
health is therefore an emerging public health issue in
Cambodia that must be addressed.
The proposed research aims to adopt continual and

affordable approaches, such as daily oral care, with an
intention to improve the overall health status of children
living with HIV in Cambodia. The specific objectives of
the study are as follows:

1. To examine the effectiveness of the daily oral care
intervention in improving the oral health status of
these children, particularly suppressing the
increment in the number of DMFT relative to their
HIV-infected and HIV-uninfected peers without
intervention

2. To examine the effectiveness of the daily oral care
intervention on overall health status, particularly
including immunity level, nutrition status, and
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quality of life, relative to their HIV-infected and
HIV-uninfected peers without intervention.

Methods/design
Study design and sites
This randomized controlled trial will be conducted from
May 2018 to April 2020 within the catchment area of
the National Pediatric Hospital in the capital city of
Phnom Penh. The hospital comprises all diagnostic and
treatment departments, including pediatric HIV and
dental clinics. This hospital serves as a referral hub for
health centers that provide routine pediatric care and
treatment, and it is the only health facility to provide
pediatric ART in Phnom Penh. See Additional file 1 for
the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) checklist.

Study population and selection criteria
The study will comprise three groups: an intervention
arm (group A) and two control arms (groups B and C)
(see Fig. 1). The targets of groups A and B will be children
living with HIV and their caregivers. Randomization will
be performed for groups A and B using a 1:1 allocation
protocol. The targets of group C will be HIV-uninfected
children and their caregivers, comprising children
age-matched with those in group A. Children eligible for
groups A and B of the trial must meet all of the following
inclusion criteria at randomization: (1) age 3–15 years, (2)
have a patient ID at the National Pediatric Hospital, and
(3) have received ART for at least 3months. Children eli-
gible for group C must be aged 3–15 years and must not
have been diagnosed with HIV infection. For caregivers in
Fig. 1 Flow diagram of subject selection
all groups, individuals will be eligible if they are aged ≥ 18
years and self-report as the primary caregiver of the
respective child.

Interventions
Children and caregivers in group A will receive an inter-
vention for 2 years (May 2018–April 2020). The main
components of the intervention will comprise oral
health education sessions and daily oral self-care. Prior
to the intervention, two dental assistants from the
National Pediatric Hospital will be appointed to receive
a 1-day training course in conducting the oral health
education sessions and intervention follow-up. Subse-
quently, these professionals will disseminate oral health
education sessions to the children and caregivers under
the supervision of the dentist every 4 months during the
2-year intervention period (in total six sessions for each
participant). The initial education session will be pro-
vided with the contents presented in Table 1. The dental
assistants will also provide the follow-up sessions to the
initial session. Each 60-min session, including practice of
the oral health procedure, will be attended by groups of
10 child-caregiver pairs. The education session will aim
to teach the children and caregivers about correct brush-
ing and the importance of daily oral care. Teaching tools
will be developed based on publicly accessible basic oral
health education materials which are used in Japan and
the USA at school or dental clinics [33, 34].
The children and caregivers will practice home-based

daily oral care. Each child will receive a toothbrush, two
tubes of fluoride-containing toothpaste, and three packs
of dental floss at every education session. During the



Table 1 Contents of oral health education session

Session 1: Knowledge

1. What is tooth decay?

2. Causes and prevention of tooth decay

Session 2: Practice

1. Brushing

2. Flossing

Session 3: Evaluation of oral health status

1. Check plaque status using tester

Session 4: Home-based daily oral care

1. What one needs to do at home for daily care

2. Follow-up schedule
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session, the children will be advised to brush daily after
breakfast, lunch, and dinner by themselves or with the
help of a caregiver at home. To maximize the interven-
tion adherence, the children will receive a daily record
notebook to keep their daily oral care practice. In the
notebook, a short oral care guide is presented to which
the children and caregivers can refer any time at home.
Also, the children affix a seal to the daily record note-
book after each brushing and evaluate their weekly oral
health practice on the checklist. The intervention will be
discontinued at any time should the participant request
it. Participants can receive any concomitant care and
intervention during the trial.
The participants of groups B and C (randomized

control arms) will not receive specific interventions for
oral health management. Participants in all groups can
receive any type of dental care as needed at a clinic, but
they will be responsible for any expenditure.

Follow-up
After each 4 months follow-up education session by the
dental assistants, children and caregivers in the interven-
tion group will meet the research assistants for monitor-
ing of the children’s daily oral self-care performance.
The research assistants will note the number of seals
placed in each child’s daily record notebook and the
number of checks in the weekly checklist. Then, the
children will be asked questions regarding their health
status in accordance with the overall/oral health-related
quality of life questionnaires, and their height and
weight will be measured. Only the CD4 counts will be
measured once a year.

Outcome measures
The primary study outcome will be the change in oral
health status, which will be measured according to the
children’s individual DMFT. The secondary outcome will
be the CD4 count. The other important outcomes in-
clude the salivary pH level, number of cariogenic
bacteria, debris index score, salivary flow, nutrition sta-
tus (height and weight), overall or oral health-related
quality of life, and frequency of daily oral care. Details
are presented in the data collection section and Fig. 2.

Participant timeline
The efficacy of the intervention will be evaluated by com-
paring the intervention and control groups using baseline
and endline (2 years after implementing the intervention)
survey data. The details are described in Fig. 2.

Sample size
We calculated the sample size for the intervention and
control groups as follows. We estimated that the interven-
tion may suppress the increment of DMFT for around
17% based on the results of a previous study conducted in
Cambodia among 8000 uninfected school children in five
provinces. In that study, increments of DMFT of interven-
tion and control groups were 0.82 and 0.99, respectively,
after a 2-year intervention [35]. According to our situation
analysis survey, which was conducted at the same study
site in February 2017, for children living with HIV aged 8–
15, the mean DMFT was 4.34 (standard deviation 3.3).
We estimate that the intervention may suppress the incre-
ment of DMFT by 0.7 point, which equates to the 17%
decrease in the mean DMFT. To detect this difference in
our intervention group, at a power of 80% and a 5% sig-
nificance level, 260 samples will be required for each
group with a potential attrition of approximately 10%. In
total, 780 pairs will be required for the three groups.

Recruitment
Recruitment will be conducted via a multiple-step
process. First, children living with HIV aged 3–15 years
will be identified from the patient lists of the National
Pediatric Hospital. According to the list, 1113 children
are eligible based on the study criteria. Twenty children
in each age category from 3 to 15 years old will be ran-
domly selected from each list to yield 260 children each
for groups A and B. Second, the same patient lists will
be used to identify one district wherein the largest num-
ber of children living with HIV reside. The children in
group C will be selected from that district, using lists of
residents aged 3–15 years that have been compiled by a
local non-governmental organization, in collaboration
with the local authorities. Twenty children per age cat-
egory from 3 to 15 years will be randomly selected from
those lists to yield 260 children for group C. The chil-
dren deemed eligible for the intervention will be pro-
vided with information about the study, and the research
assistants will seek an expression of interest from the
caregivers and the children. They will be contacted by
the research assistants to arrange a suitable time for the



Fig. 2 Participant timeline
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baseline survey. Prior to the survey, the research assis-
tants will obtain their written informed consent.

Randomization
After the baseline survey, the children living with HIV
will be randomly allocated to an intervention group in a
1:1 ratio. A computerized algorithm will be used to gen-
erate a randomization scheme to assign participants to
the study arms. The allocation will be implemented by a
data analyst who is not a primary member of the study
team. A member of the research team will inform the
participants of their allocation. The research assistants,
principal investigator, and primary study team members
will be blinded to the group allocations until after the
participants have completed the baseline assessment.

Data collection
The effects of the intervention will be assessed by compar-
ing key outcome indicators among children in the
intervention and the control groups. Comparisons be-
tween groups will be performed by measuring the out-
come indicators at baseline and endline (see definitions in
the participant timeline section) in the intervention and
the two control groups. The surveys will be administered
to children and caregivers using a structured question-
naire. We will also conduct oral health and nutritional sta-
tus assessments of the children in all groups and
investigate the CD4 counts and registered clinical data of
children living with HIV in groups A and B.
Six research assistants will receive a 1-day training ses-

sion to ensure their understanding of the questionnaires.
After the training, they will administer the questionnaires
to 10 children as a pre-test. Two dentists and two dental
assistants will receive a half-day training session for oral
health data collection. After the training, they will collect
oral health data from five children for a pre-test. The data
collected for pre-test will not be included in the main
analysis.
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Questionnaires
Separate questionnaires will be developed for the children
and caregivers. The questionnaire for children will be ad-
ministered only to children aged 6–15 years and will
solicit information regarding socio-demographic charac-
teristics, HIV symptoms, oral health knowledge, attitudes
and perceptions, and oral health-related/overall health
-related quality of life. The questionnaire for caregivers
will solicit information regarding soci-demographic
characteristics, oral health knowledge, attitudes and per-
ception, the child’s adherence to ART, and dietary diver-
sity. The questionnaires will be developed based on
existing tools adapted from previous studies [36–38]. To
increase the validity of these tools, the questionnaires will
first be developed in English and translated into Khmer.
The accuracy of the translations and reliability of the con-
tents will be reviewed by three native Khmer-speaking
health specialists in the research team. Additionally, the
questionnaires will be pre-tested, and inappropriate ques-
tions will be revised accordingly.
The quality of life will be measured both for overall

health and oral health. Overall health-related quality of
life will be measured using the Pediatric Quality of Life
Inventory 4.0 (PedsQL ™ 4.0) [36]. This inventory is vali-
dated for HIV-infected children. The PedsQL ™ 4.0 is
composed of 23 question items across four subscales:
physical, emotional, social, and school functioning. The
responses for each item are presented in the form of a
5-point response scale: ”never” = 0, ”almost never” = 1,
”sometimes” = 2, ”often” = 3, and ”almost always” = 4.
Items will be reversed scored and linearly transformed
to a 0–100 scale: 0 = 100, 1 = 75, 2 = 50, 4 = 0. The score
is calculated based on the sum of all the items over the
number of items answered on all the scales. The total
score ranges from 0 to 100; a higher score indicates a
better overall health-related quality of life. Cronbach’s
alpha was 0.77.
Oral health-related quality of life will be measured

using the Child Perceptions Questionnaire, which was
validated in Cambodia [39, 40]. It consists of 16 question
items across four subscales: oral symptoms, functional
limitations, emotional well-being, and social well-being.
The responses of each item are also presented in the
form of a 5-point response scale: ”never” = 0, ”once or
twice” = 1, ”sometimes” = 2, ”often” = 3, and ”every day
or almost every day” = 4. The total score ranges from 0
to 64. A higher score indicates worse oral health-related
quality of life. Cronbach’s alpha was 0.81.

Oral health status
The children’s oral health status will be assessed by exam-
ining the number of DMFT, the debris index, salivary pH,
salivary flow, and number of cariogenic bacteria. The deb-
ris index will be calculated based on the degree of dental
plaque. Dental plaque will be evaluated by colorizing the
children’s teeth with a plaque test kit. The salivary pH will
be assessed using CAT21Buf© (Morita, Osaka, Japan).
The salivary flow will be measured as the total quantity of
saliva produced in 3min with stimulation from chewing
gum. CariScreen© (CariFree, Albany, OR, USA) will be
used to count cariogenic bacteria in saliva collected from
the front teeth. All the oral health data will be collected by
two dentists with the help of two dental assistants from
the National Pediatric Hospital.

Nutrition status
To assess the children’s nutrition status, their body
weight (in kilograms) and height (in centimeters) will be
measured. Electronic scales and a stadiometer, which
calibrate to 0.1 kg and 0.1 cm, respectively, will be used.
Data will be collected by the nursing staff of the
National Pediatric Hospital. The Z-scores of weight for
age, height for age, and body mass index (BMI) for age
will be calculated using the WHO tool AnthroPlus
(available at http://www.who.int/growthref/tools/en/).

Clinical records
The clinical records of children living with HIV will be
collected by research assistants from the registered doc-
uments of the National Pediatric Hospital. The following
data will be recorded for the study purposes: CD4 count,
history of opportunistic infections, ART regimen, and
duration of ART use.

Data management
The questionnaire responses and follow-up data will be
entered directly into Open Data Kit 2.0 (ODK; available at
https://opendatakit.org/use/2_0_tools/) by the research
assistants. Oral health, weight, height, CD4 counts, and
other registered clinical data will be collected by research
assistants using a paper-based form. Supervisors will
check the data collected during visits for accuracy and
completion. Collected paper-based data will be entered
electronically by the data management assistant. This will
be done at the National Pediatric Hospital. Verification
checks will be performed to correct discrepancies in the
records. The original forms will be kept on file at the
National Pediatric Hospital.

Statistical analyses
Baseline and endline surveys will be conducted to assess
changes in each outcome in both the intervention and
control groups. To minimize overestimation of interven-
tion impact, all intervention outcomes will be estimated
with an intention-to-treat analysis. Initially, survey data
will be stratified by different age groups: 3–5 years old, 6–
11 years old, and 12–15 years old. Then, the data will be
descriptively analyzed to assess the distributions of various

http://www.who.int/growthref/tools/en/
https://opendatakit.org/use/2_0_tools/
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factors related to the children and caregivers under the
study. Next, bivariate analyses will be conducted to assess
the correlations of each oral health indicator (DMFT, deb-
ris index, bacterial number, salivary pH, salivary flow,
oral-health related quality of life) with different variables,
using the chi-square test (or Fisher’s exact test when a
count is smaller than five) for categorical variables, and
Student’s t test for continuous variables. Then, we will
apply a generalized estimating equation model [41]
adjusted for basic demographic characteristics (e.g., sex)
and factors identified as significantly associated with the
outcome in the bivariate analyses. The statistical signifi-
cance will be set at a p value < 0.05. All data analyses will
be performed using IBM SPSS, version 24.0 (SPSS Inc.,
Chicago, IL, USA).
Monitoring
An intervention monitoring team will be formed as
part of the research team. This team is responsible
for monitoring of all implementation activities. All ad-
verse events and unintended effects of intervention
will be reported to the monitoring team. Access to all
monitoring- related information will be limited to the
monitoring team members.
Ethics and dissemination
Ethical considerations
This study has been approved by the National Ethics
Committee for Health Research, Ministry of Health,
Cambodia (289NECHR).
Individual consent
The research assistants will obtain informed consent
from all caregivers prior to the intervention, and assent
to participate in the study will be obtained from all chil-
dren. The caregiver’s consent will be recorded through a
signature or thumbprint. Participants can withdraw from
the study for any reason, and this will not affect the nor-
mal services received at any of the health facilities.
Post-trial care
The intervention will be introduced to the control
groups’ participants immediately when a positive impact
is identified.
Confidentiality of information
All information obtained through this study will be con-
fidential. Access to information will be limited to re-
search assistants for conducting interview and data entry
management staff during the research period. Study
records will be identified only by means of study identifi-
cation numbers.
Dissemination
The findings of this study will be disseminated through
peer-reviewed journals and international conferences.
Important protocol modifications will be communicated
to the research ethics committee and trial registry.
Discussion
Here, we have described a study protocol for a random-
ized controlled trial to evaluate the effectiveness of an oral
health intervention program in improving oral health sta-
tus, which in turn will improve the immunity and overall
health status of children living with HIV in Phnom Penh,
Cambodia. This trial aims to investigate how the improve-
ment of oral health status can contribute to the improve-
ment of overall health status in a cohort of children living
with HIV, compared with their HIV-infected and HIV
-uninfected counterparts who do not undergo the oral
health intervention. If proven effective, this oral health
intervention could be suggested as another means to delay
the onset of AIDS in this population and would lead to
the further encouragement of oral health interventions for
children living with HIV.
However, the proposed study has some limitations.

First, the intervention will target children living with
HIV receiving ART. Therefore, we will not be able to
distinguish between the effects of ART and that of the
oral health intervention on CD4 count or oral health
status. Second, samples will be recruited only at one
national hospital, and therefore this is a potential source
of sampling bias. However, this study has the potential
to provide strong evidence regarding the effectiveness of
an oral health intervention in an area concentrated with
children with HIV receiving ART.
Trial status
The trial was registered in the International Standard
Randomized Controlled Trial Number Register on 17
January 2018 (ISRCTN15177479) (http://www.isrctn.-
com/ISRCTN15177479). Recruitment for intervention
commences in February 2018 and will continue until
April 2020.
Additional file

Additional file 1: SPIRIT checklist. (DOC 123 kb)

Abbreviations
AIDS: Acquired immune deficiency syndrome; ART: Antiretroviral therapy;
DMFT: Decayed, missing, or filled teeth; HIV: Human immunodeficiency virus;
PedsQL: Pediatric Quality of Life Inventory

Acknowledgements
We acknowledge the staff in the National Pediatric Hospital, Phnom Penh,
and the research staff for their contributions to this study.

http://www.isrctn.com/ISRCTN15177479
http://www.isrctn.com/ISRCTN15177479
https://doi.org/10.1186/s13063-018-3047-z


Kikuchi et al. Trials          (2018) 19:673 Page 8 of 9
Funding
This research was supported by the Japan Society for the Promotion of
Science (JSPS) KAKENHI (https://www.jsps.go.jp/), Grant Number 17H04658.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
KK prepared the first draft of the manuscript. JY, SO, ST, and SYe provided
critical comments on the revision of the manuscript. MM provided input on
the technical statements. SYi, PC, and CH provided critical comments on the
final manuscript. All listed authors have read and approved the final
manuscript.

Ethics approval and consent to participate
This study has been approved by the National Ethics Committee for Health
Research, Ministry of Health, Cambodia (289NECHR). Informed consent will
be obtained from all caregivers prior to the intervention, and assent to
participate in the study will be obtained from all children. The caregiver’s
consent will be recorded through a signature or thumbprint. Participants can
withdraw from the study for any reason, and this will not affect the normal
services received at any of the health facilities.

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
1Institute of Decision Science for a Sustainable Society, Kyushu University,
3-1-1, Maidashi, Higashi-ku, Fukuoka 812-8582, Japan. 2Research and
Education Center for Prevention of Global Infectious Diseases of Animals,
Tokyo University of Agriculture and Technology, Tokyo, Japan. 3KHANA
Center for Population Health Research, Phnom Penh, Cambodia.
4Department of Community and Global Health, Graduate School of
Medicine, the University of Tokyo, Tokyo, Japan. 5Kawasaki City Dentists
Association, Kanagawa, Japan. 6National Pediatric Hospital, Phnom Penh,
Cambodia. 7Center for Global Health Research, Touro University California,
Vallejo, CA, USA. 8Saw Swee Hock School of Public Health, National
University of Singapore, Singapore, Singapore.

Received: 13 April 2018 Accepted: 11 November 2018

References
1. UNAIDS. AIDS by the numbers. Gevena: UNAIDS; 2016.
2. Antiretroviral Therapy Cohort Collaboration. Life expectancy of individuals

on combination antiretroviral therapy in high-income countries: a
collaborative analysis of 14 cohort studies. Lancet. 2008;372:293–9.

3. Hazra R, Siberry GK, Mofenson LM. Growing up with HIV: children,
adolescents, and young adults with perinatally acquired HIV infection. Annu
Rev Med. 2010;61:169–85.

4. Lowenthal ED, Bakeera-Kitaka S, Marukutira T, Chapman J, Goldrath K, Ferrand
RA. Perinatally acquired HIV infection in adolescents from sub-Saharan Africa: a
review of emerging challenges. Lancet Infect Dis. 2014;14:627–39.

5. Petersen PE. The World Oral Health Report 2003: continuous improvement
of oral health in the 21st century – the approach of the WHO Global Oral
Health Programme. Geneva: WHO; 2003.

6. Yamada C, Kubota C, Uematsu H. The effect of oral care on natural immune
function in the dependent elderly. Kokubyo Gakkai Zasshi. 2011;78:6–11.

7. Norwood KW Jr, Slayton RL. Council on Children With Disabilities, Section
on Oral Health. Oral health care for children with developmental disabilities.
Pediatrics. 2013;131:614–9.

8. Naidoo S, Myburgh N. Nutrition, oral health and the young child. Matern
Child Nutr. 2007;3:312–21.
9. Sixtieth World Health Assembly. WHA60.17. Oral health: action plan for
promotion and integrated disease prevention. Geneva: World Health
Organization; 2007.

10. Sheiham A. Dental caries affects body weight, growth and quality of life in
pre-school children. Br Dent J. 2006;201:625–6.

11. Low W, Tan S, Schwartz S. The effect of severe caries on the quality of life in
young children. Pediatr Dent. 1999;21:325–6.

12. Grossi SG, Genco RJ. Periodontal disease and diabetes mellitus: a two-way
relationship. Ann Periodontol. 1998;3:51–61.

13. Marcenes W, Kassebaum NJ, Bernabe E, Flaxman A, Naghavi M, Lopez A,
Murray CJ. Global burden of oral conditions in 1990-2010: a systematic
analysis. J Dent Res. 2013;92:592–7.

14. WHO Regional Office for Africa. Promoting oral health in Africa:
prevention and control of oral diseases and noma as part of essential
noncommunicable disease interventions. Brazzaville: WHO Regional
Office for Africa; 2016.

15. Imai K, Ochiai K. Role of histone modification on transcriptional regulation
and HIV-1 gene expression: possible mechanisms of periodontal diseases in
AIDS progression. J Oral Sci. 2011;53:1–13.

16. Imai K, Victoriano AF, Ochiai K, Okamoto T. Microbial interaction of
periodontopathic bacterium Porphyromonas gingivalis and HIV-possible
causal link of periodontal diseases to AIDS progression. Curr HIV Res. 2012;
10:238–44.

17. Subramaniam P, Kumar K. Oral mucosal lesions and immune status in HIV-
infected Indian children. J Oral Pathol Med. 2015;44:296–9.

18. Beena JP. Prevalence of dental caries and its correlation with the
immunologic profile in HIV-infected children on antiretroviral therapy. Eur J
Paediatr Dent. 2011;12:87–90.

19. Vieira AR, de Souza IP, Modesto A, Castro GF, Vianna R. Gingival status of
HIV+ children and the correlation with caries incidence and immunologic
profile. Am Acad pf Pediatr Dentist. 1998;20:169–72.

20. Kho HS, Lee SW, Chung SC, Kim YK. Oral manifestations and salivary flow
rate, pH, and buffer capacity in patients with end-stage renal disease
undergoing hemodialysis. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 1999;88:316–9.

21. Valdez IH, Pizzo PA, Atkinson JC. Oral health of pediatric AIDS patients: a
hospital-based study. ASDC J Dent Child. 1994;61:114–8.

22. Ramos-Gomez FJ, Folayan MO. Oral health considerations in HIV-infected
children. Curr HIV/AIDS Rep. 2013;10:283–93.

23. Pongsiriwet S, Iamaroon A, Kanjanavanit S, Pattanaporn K, Krisanaprakornkit
S. Oral lesions and dental caries status in perinatally HIV-infected children in
Northern Thailand. Int J Paediatr Dent. 2003;13:180–5.

24. Hicks MJ, Flaitz CM, Carter AB, Cron SG, Rossmann SN, Simon CL, Demmler
GJ, Kline MW. Dental caries in HIV-infected children: a longitudinal study.
Pediatr Dent. 2000;22:359–64.

25. UNAIDS. Country factsheets: Cambodia 2017. http://www.unaids.org/en/
regionscountries/countries/cambodia. Accessed 13 Apr 2018.

26. UNAIDS. AIDSinfo. http://aidsinfo.unaids.org/. Accessed 13 Apr 2018.
27. UNAIDS. UNAIDS data 2017. Geneva: UNAIDS; 2017.
28. WHO. Oral health. http://www.who.int/oral_health/en/. Accessed 13 Apr 2018.
29. Chu CH, Wong AW, Lo EC, Courtel F. Oral health status and behaviours of

children in rural districts of Cambodia. Int Dent J. 2008;58:15–22.
30. Teng O, Narksawat K, Podang J, Pacheun O. Oral health status among 12-

year-old children in primary shools participating in an oral health preventive
school program in Phnom Penh City, Cambodia, 2002. Southeast Asian J
Trop Med Public Health. 2004;35:458–62.

31. Shidara EK, McGlothlin JD, Kobayashi S. A vicious cycle in the oral health
status of schoolchildren in a primary school in rural Cambodia. Int J Dent
Hyg. 2007;5:165–73.

32. Turton B, Durward C, Manton D, Bach K, Yos C. Socio-behavioural risk
factors for early childhood caries (ECC) in Cambodian preschool children: a
pilot study. Eur Arch Paediatr Dent. 2016;17:97–105.

33. Procter & Gamble. Dentalcare.com. https://www.dentalcare.com/en-us.
Accessed 29 Sept 2017.

34. The Lion Foundation for Dental Health. Hamiga-kids. https://www.lion-dent-
health.or.jp/hamigakids/. Accessed 29 Sept 2017.

35. Deutsche Gesellschaft fur Internationale Zusammenarbeit (GIZ) GmbH.
Health outcome study Cambodia, fit for school. Makati City: GIZ; 2014.

36. Varni JW, Seid M, Rode CA. The PedsQL: measurement model for the
pediatric quality of life inventory. Med Care. 1999;37:126–39.

37. WHO. Oral health surveys: basic methods – 5th edition. Geneva: WHO; 2013.

https://www.jsps.go.jp
http://www.unaids.org/en/regionscountries/countries/cambodia
http://www.unaids.org/en/regionscountries/countries/cambodia
http://aidsinfo.unaids.org/
http://www.who.int/oral_health/en/
https://www.dentalcare.com/en-us
https://www.lion-dent-health.or.jp/hamigakids/
https://www.lion-dent-health.or.jp/hamigakids/


Kikuchi et al. Trials          (2018) 19:673 Page 9 of 9
38. Macias YF, Glasauer P. Guidelines for assessing nutrition-related knowledge,
attitudes and practices. Rome: Food and Agriculture Organization of the
United Nations; 2014.

39. Turton BJ, Thomson WM, Foster Page LA, Saub RB, Razak IA. Validation of an
oral health-related quality of life measure for Cambodian children. Asia Pac
J Public Health. 2015;27:NP2339–49.

40. Turton BJ, Thomson WM, Foster Page LA, Saub R, Ishak AR. Responsiveness
of the Child Perceptions Questionnaire11-14 for Cambodian children
undergoing basic dental care. Int J Paediatr Dent. 2015;25:2–8.

41. Eldridge S, Kerry SA. Practical guide to cluster randomised trials in health
services research. New York: Wiley; 2012.


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods/design
	Study design and sites
	Study population and selection criteria
	Interventions
	Follow-up
	Outcome measures
	Participant timeline
	Sample size
	Recruitment
	Randomization
	Data collection
	Questionnaires
	Oral health status
	Nutrition status
	Clinical records

	Data management
	Statistical analyses
	Monitoring

	Ethics and dissemination
	Ethical considerations
	Individual consent
	Post-trial care
	Confidentiality of information
	Dissemination

	Discussion
	Trial status

	Additional file
	Abbreviations
	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

