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Abstract
Background: Untreated dental caries is reported to affect children’s nutritional status and growth, yet evidence on
this relationship is conflicting. The aim of this study was to assess the association between dental caries in both the
primary and permanent dentition and nutritional status (including underweight, normal weight, overweight and
stunting) in children from Cambodia, Indonesia and Lao PDR over a period of 2 years. A second objective was to
assess whether nutritional status affects the eruption of permanent teeth.
Methods: Data were used from the Fit for School - Health Outcome Study: a cohort study with a follow-up period
of 2 years, consisting of children from 82 elementary schools in Cambodia, Indonesia and Lao PDR. From each
school, a random sample of six to seven-year-old children was selected. Dental caries and odontogenic infections
were assessed using the World Health Organization (WHO) criteria and the pufa-index. Weight and height
measurements were converted to BMI-for-age and height-for-age z-scores and categorized into weight status and
stunting following WHO standardised procedures. Cross-sectional and longitudinal associations were analysed using
the Kruskal Wallis test, Mann Whitney U-test and multivariate logistic and linear regression.
Results: Data of 1499 children (mean age at baseline = 6.7 years) were analyzed. Levels of dental caries and
odontogenic infections in the primary dentition were significantly highest in underweight children, as well as in
stunted children, and lowest in overweight children. Dental caries in six to seven-year old children was also
significantly associated with increased odds of being underweight and stunted 2 years later. These associations
were not consistently found for dental caries and odontogenic infections in the permanent dentition. Underweight
and stunting was significantly associated with a lower number of erupted permanent teeth in children at the age
of six to seven-years-old and 2 years later.
Conclusions: Underweight and stunted growth are associated with untreated dental caries and a delayed eruption
of permanent teeth in children from Cambodia, Indonesia and Lao PDR. Findings suggest that oral health may play
an important role in children’s growth and general development.
Trial registration: The study was restrospectively registered with the German Clinical Trials Register, University of
Freiburg (trial registration number: DRKS00004485; date of registration: 26th of February, 2013).
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Background
The relationship between children’s oral health and general
health has become a research subject of growing interest.
Dental caries, the most prevalent childhood disease worldwide, commonly remains untreated [1]. Accumulating evidence indicates that dental caries negatively affects
children’s nutritional status and growth [2]. Yet, the nature
of this relationship remains controversial, both in terms of
the direction and its underlying mechanisms. According to
recent systematic reviews, some studies reported an association between dental caries and underweight (low Body
Mass Index (BMI)-for-age), stunting (low height-for-age)
and failure to thrive, whereas other studies found that dental caries was associated with overweight; or they suggested
that there is no relationship [3–5].
Evidence supporting a relationship between dental caries
and underweight primarily comes from studies conducted
in low- and middle-income countries (LMICs), where severity of dental caries is high [6–9]. Children with high
caries levels both in the primary and permanent dentition
had significantly lower BMI-for-age, and treatment of severely decayed teeth has been associated with an increased
rate of weight gain [2]. Several mechanisms have been
postulated to explain this relationship, including the direct
effect of dental caries on children’s eating ability and nutritional intake [10], as well as indirect effects of chronic
dental inflammation on children’s growth via metabolic
and immunological pathways [11]. An opposite theory is
that undernutrition (underweight and stunting) could predispose a person to dental caries. Chronic undernutrition
has been associated with disturbed dental development, including enamel defects (hypoplasia) and delayed eruption of
the primary teeth [12, 13]. However, evidence of the effect
of undernutrition on the formation and eruption of permanent teeth is less substantial.
A relationship between dental caries and overweight was
more apparent in studies conducted in Europe and the
United States [3, 4, 14–16]. Notably, these studies often included samples in which underweight children were underrepresented [3]. In all probability, the mechanisms
underlying this relationship follow a different pathway; dental caries and overweight are most likely associated because
they have dietary risk factors in common that are both
cariogenic and obesogenic, such as a sugar-rich diet [4, 17].
Based on the conflicting findings in the literature, Hooley et al. [3] and Li et al. [5] suggested that dental caries
and BMI might be related in a non-linear U-shaped pattern, with caries levels being higher in both children with
low and high BMI. There is a lack of studies that have
tested this hypothesis, since there are few analyses that
covered the full range of anthropometric measurements
including underweight, normal weight and overweight
(weight status), as well as stunting. In Southeast Asia, dental caries levels are among the highest worldwide, with a
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prevalence ranging between 79 to 98% in six-year-old children [18, 19]. Undernutrition remains a major public
health concern in most countries of the region, yet obesity
is also on the rise due to socioeconomic development,
globalization and related shifts in dietary intake and physical activity patterns through the nutrition transition [20].
This coexistence of both childhood underweight and overweight, also termed as the ‘double burden of malnutrition’,
allows analysis of possible non-linear associations between
oral health and nutritional status. Hence, the aim of this
study was to assess the relationship between dental caries in
both the primary and permanent dentition and nutritional
status (as indicated by weight status and stunting) in children from Cambodia, Indonesia and Lao People’s Democratic Republic (Lao PDR), over a period of 2 years. A
second objective was to assess whether nutritional status affects the eruption of permanent teeth.

Methods
Fit for school – Health outcome study

This study used data from the Fit for School - Health Outcome Study (FIT-HOS), conducted from 2012 to 2014 [21].
The study was originally designed to evaluate the effect of the
Fit for School (FIT) programme, which is an integrated
Water, Sanitation and Hygiene (WASH) and school health
programme to improve child health. It implements evidencebased interventions in public primary schools, including daily
group handwashing with soap and toothbrushing with fluoride toothpaste, biannual deworming, and the construction of
group washing facilities [22, 23].
The FIT-HOS was a longitudinal cohort study with a
follow-up period of 2 years. The cohort consisted of children
recruited from 82 public elementary schools - 20 schools in
Cambodia, 18 schools in Indonesia, and 44 schools in Lao
PDR. Half of the schools in each country (n = 41) implemented the FIT programme and the other 41 schools implemented the regular government health education curriculum
and biannual deworming as part of the respective national
deworming programmes. Per school, a random selection of
six to seven-year-old children (6.00 to 7.99 years of age) was
drawn from the list of enrolled grade-one students. Baseline
data of the children were collected in 2012, and the same
children were re-examined 24 months later in 2014. Full details of the study procedures, the selection of schools and the
power calculation are described in a previous publication
[21]. For the purposes of this study, children were evaluated
as one cohort, disregarding the type of school they attended
(FIT programme or regular programme).
Data collection

In each country, a team of local researchers performed
data collection on the school ground. For calibration
and standardisation purposes, the research teams underwent 3 days of training prior to data collection.
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Clinical dental examination

Clinical dental examinations were performed by four calibrated dentists in the schoolyard or inside a classroom.
Dental caries status was scored following the World Health
Organization (WHO) Basic Methods for Oral Health Surveys 4th edition [24], using mouth mirrors with illumination (Mirrorlite) and a CPI-ball-end probe. The dt/
DT-index was used to score untreated dental caries, by calculating the sum of decayed (d/D) teeth (t/T). The pufa/
PUFA-index was used to measure odontogenic infections
as a result of untreated dental caries, which scores the presence of teeth with open pulp (p/P), ulceration (u/U), fistula
(f/F) and abscesses (a/A) [25]. For both indexes, lowercase
letters refer to primary teeth, and uppercase letters refer to
permanent teeth. The number of erupted permanent teeth
was scored by counting all permanent teeth that had
erupted, which was defined as ‘any permanent tooth surface
that had pierced the alveolar mucosa’. Kappa-scores for
inter-examiner reliability of the dentists ranged from 0.73
to 0.97 (mean k = 0.87) for dt/DT and from 0.58 to 1.00
(mean k = 0.78) for pufa/PUFA.
Anthropometric measurement

Two trained nurses obtained children’s weight and height
measurements, using standards described by Cogill [26].
Weight was measured to the nearest 0.1 kg using a SECA
digital weighing scale. Standing height was measured to
the nearest 0.1 cm using a microtoise. The equipment was
calibrated at the start of each day and after every 10th
child. Children wore light clothes and no shoes during
measurement. Measurements were obtained in duplicate,
and the average of two measurements was reported. BMI
was calculated as weight/height2 (kg/m2). Weight and
height data were subsequently converted to BMI-for-age
z-scores and height-for-age z-scores with the WHO
AnthroPlus software, which uses the WHO Growth reference 2007 [27]. Z-scores allow comparison of an individual’s weight, height or BMI, adjusted for age and sex
relative to a reference population, expressed in standard
deviations (SDS) from the reference mean. Cut-offs for
BMI-for-age z-scores were used to categorize children’s
weight status into underweight (< − 2 (SDS), normal
weight (≥ -2SDS & ≤ 2SDS) and overweight (> 2SDS).
Stunting was defined as a height-for-age z-score < -2SDS;
scores ≥-2SDs were classified as ‘not stunted’ [28].
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These variables have been described as useful proxy measures of SES in LMICs by Howe et al. [29]. Children were
asked whether they have a TV at home, and whether they
have a car or motorcycle at home, with response options
‘yes’ and ‘no’. The number of siblings was assessed by combining two questions: ‘How many brothers do you have?’
and ‘How many sisters do you have?’
Data analysis

Data were analyzed using STATA 14 (Stata Corp, College
Station, Texas, USA). A P-value of ≤0.05 was regarded as
significant. Complete case analysis was used to handle missing data. Data were analyzed for each country separately.
The association between dental caries status and odontogenic infections (in further reference: dental caries) and nutritional status was assessed cross-sectionally and
longitudinally. First, cross-sectional associations were tested
between i. dt and pufa and nutritional status at baseline at
age 6 to 7 years (age 6–7), and ii. DT and PUFA and nutritional status at follow-up at age 8 to 9 years (age 8–9), using
the Kruskall Wallis test for weight status and the Mann
Whitney U-test for stunting. Permanent teeth generally start
to erupt at the age of 6 years, which means that children’s
dentition at baseline mainly consisted of primary teeth, while
children’s dentition at follow-up also included permanent
teeth. Second, multivariate logistic regression with stepwise
backward selection was performed to assess the longitudinal
association between dental caries at baseline (dt, DT, pufa
and PUFA at age 6–7) and i. underweight at follow-up (age
8–9) (reference category = no underweight), and ii. stunting
at follow-up (age 8–9) (reference category = not stunted).
The regression models were adjusted for sociodemographic
factors, number of primary and permanent teeth at baseline
and type of school (FIT programme or regular programme).
The association between nutritional status and the number of permanent teeth was assessed cross-sectionally at
baseline (age 6–7) and at follow-up (8–9), using the Kruskal Wallis test for weight status and Mann Whitney
U-test for stunting. Multivariate linear regression with
stepwise backward selection was performed to test the
longitudinal association between nutritional status at baseline (age 6–7) and the number of permanent teeth at
follow-up (age 8–9). The regression model was adjusted
for sociodemographic factors and type of school.

Results
Sociodemographic interview

Description of the study sample

Sociodemographic information was collected from the children through an interview-administered questionnaire in
the respective native language. Demographic information
included sex and date of birth, which were cross-checked
with the school records. Data on television (TV) ownership,
car/motorcycle ownership and number of siblings were collected as proxy indicators of socioeconomic status (SES).

A total of 1847 children participated in the baseline study –
624 children in Cambodia, 570 in Indonesia and 653 children in Lao PDR. Of those, 76.6% (n = 478), 85.3% (n = 486)
and 81.0% (n = 535) were followed-up after 2 years, respectively. Dropout children did not significantly differ from
those who were followed-up in terms of their dental caries
status and nutritional status at baseline. The mean time
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interval between baseline and follow-up was 23.88 ±
0.27 months.
The mean age of all children at baseline was 6.7 ±
0.5 years (range 6.0–8.0 years) and 50.2% were boys. The
prevalence of underweight and overweight was 7.6% and
7.4% in children at baseline, and 10.2% and 12.3% in
children at follow-up, respectively. More than a quarter
of children were stunted (30.2% at baseline and 26.2% at
follow-up). On average, the number of erupted permanent teeth per child was 5.8 ± 2.8 at baseline and 12.4 ±
3.4 at follow-up. At baseline, the prevalence of dental
caries and odontogenic infections in the primary dentition was 94.4% and 69.2%, respectively. Children had a
mean dt of 8.4 ± 4.7 and a mean pufa-score of 2.5 ± 2.7.
At follow-up, the prevalence of dental caries in the permanent teeth was 41.2% with a mean DT of 0.7 ± 1.2,
and the prevalence of odontogenic infections was 7.2%
with a mean PUFA of 0.1 ± 0.4. The characteristics of
the study samples in the respective countries are described in Table 1.
The association between dental caries and nutritional
status

Table 2 shows the cross-sectional associations between
dental caries and nutritional status. In Cambodia and
Indonesia, dt and pufa were significantly associated with
weight status at age 6–7: the mean dt and pufa scores
where highest in underweight children and lowest in
overweight children. These associations were not observed in Lao PDR. No associations were found between
DT or PUFA and weight status at age 8–9, except in
Cambodia where the mean DT was again significantly
highest in underweight children and lowest in overweight children.
In all three countries, a higher mean dt was significantly associated with stunting at age 6–7. In Indonesia,
stunted children also had significantly higher levels of
pufa at age 6–7, but not in Cambodia and Lao PDR. No
significant associations between DT and PUFA and
stunting at age 8–9 were found.
Table 3 shows the association between dental caries at
age 6–7 and underweight at age 8–9. In Cambodia,
higher dt and DT at age 6–7 were significantly associated with increased odds of being underweight at age 8–
9, after adjustment for age, sex, the number of permanent teeth and stunting. In Lao PDR the same direction
of association was found, but only for dt, while
Indonesia showed no association between dt or DT and
underweight.
The association between dental caries at age 6–7 years
and stunting at age 8–9 years is presented in Table 4. In
Indonesia and Lao PDR, a higher dt at age 6–7 was significantly associated with higher odds of being stunted
at age 8–9, after adjustment for age, number of
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permanent teeth, weight status, car/motorcycle ownership and geographical location. The same association
was found in Cambodia for DT instead of dt.
The association between nutritional status and the
number of erupted permanent teeth

The cross-sectional association between nutritional status and the number of erupted permanent teeth is
shown in Table 5. In Indonesia and Lao PDR, weight status at age 6–7 and at age 8–9 were significantly associated with the number of erupted permanent teeth: the
mean number of erupted permanent teeth was lowest in
underweight children and highest in overweight children. In all countries, stunted children had significantly
fewer erupted permanent teeth than children with normal height-for-age, both at age 6–7 and age 8–9 (except
in Indonesia at age 8–9).
Table 6 shows the longitudinal association between
nutritional status and the number of erupted permanent
teeth. In all three countries, underweight at age 6–7 (except in Cambodia) and stunting at age 6–7 were significantly associated with a lower number of erupted
permanent teeth at age 8–9, after adjustment for age,
sex, and geographical location.

Discussion
This study investigated the relationship between nutritional
status and untreated dental caries, as well as status of
eruption of permanent teeth in a community-based sample
of children from Cambodia, Indonesia and Lao PRD over a
period of 2 years. Findings showed that untreated dental
caries in children was significantly associated with underweight and stunted growth. Generally, levels of untreated
dental caries in the primary dentition were highest in
underweight children, as well as in stunted children, and
lowest in overweight children. Untreated dental caries in
six to seven-year old children was also significantly associated with increased odds of being underweight and stunted
2 years later. Yet, no consistent associations between dental
caries in the permanent dentition and weight status or
stunting were found. Hence, the findings of this study did
not support the hypothesis of Hooley et al. [3] and Li et al.
[5] which suggested that dental caries is associated with
both low and high BMI in a U-shaped pattern.
Discussion of findings related to dental caries and
nutritional status

Findings of the current study affirm the results of a
number of previous studies, which demonstrated an inverse relationship between dental caries and nutritional
status in children [7, 9, 30–33]. These studies have in
common that their study population consisted of children with a high caries experience and high caries risk.
Most of the studies were conducted in LMICs where
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Table 1 Characteristics of the study sample in Cambodia, Indonesia, Lao PDR
Cambodia

Indonesia

Lao PDR

Baseline
(n = 624)

Follow-up
(n = 478)

Baseline
(n = 570)

Follow-up
(n = 486)

Baseline
(n = 653)

Follow-up
(n = 535)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

Boys

308 (49.4)

245 (51.3)

295 (51.8)

249 (51.2)

325 (49.8)

272 (50.8)

Girls

316 (50.6)

233 (48.7)

275 (48.3)

237 (48.8)

328 (50.2)

263 (49.2)

6 to < 7 | 8 to < 9

516 (82.7)

393 (82.2)

388 (68.1)

337 (69.3)

426 (65.2)

358 (66.9)

7 to < 8 | 9 to < 10

108 (17.3)

85 (17.8)

182 (31.9)

149 (30.7)

227 (34.8)

177 (33.1)

Rural

378 (60.6)

309 (64.6)

–

–

214 (32.8)

187 (35.0)

Urban

246 (39.4)

169 (35.4)

570 (100.0)

486 (100.0)

439 (67.2)

348 (65.1)

1 or no siblings

–

144 (30.1)

–

253 (52.3)

–

199 (37.2)

2 siblings

–

137 (28.7)

–

143 (29.6)

–

187 (35.0)

3 or more siblings

–

197 (41.2)

–

88 (18.2)

–

149 (27.9)

No

–

58 (12.2)

–

3 (0.6)

–

23 (4.3)

Yes

–

418 (87.8)

–

481 (99.4)

–

508 (95.7)

No

–

72 (15.1)

–

330 (68.2)

–

41 (7.7)

Yes

–

406 (84.9)

–

154 (31.8)

–

492 (92.3)

53 (8.7)

67 (14.3)

45 (7.9)

37 (7.6)

41 (6.4)

46 (8.8)

Gender

Age (years)
Baseline | Follow-up

Geographical location

a

Number of siblings

a

TV ownership

Car / motorcyclea ownership

Weight status
Underweight
Normal weight

539 (87.9)

375 (80.1)

443 (78.1)

337 (69.6)

566 (88.2)

434 (82.5)

Overweight

21 (3.4)

26 (5.6)

79 (13.9)

110 (22.7)

35 (5.5)

46 (8.8)

410 (66.9)

318 (68.2)

480 (84.8)

401 (83.5)

381 (59.4)

365 (69.5)

Stunting
No
Yes

203 (33.1)

148 (31.8)

86 (15.2)

79 (16.5)

261 (40.7)

160 (30.5)

mean ± sd

mean ± sd

mean ± sd

mean ± sd

mean ± sd

mean ± sd

Number of permanent teeth

5.4 ± 2.7

12.1 ± 3.4

6.0 ± 2.6

12.6 ± 3.0

6.0 ± 3.0

12.6 ± 3.8

dt

9.8 ± 4.5

6.7 ± 3.6

8.2 ± 4.5

5.0 ± 3.4

7.3 ± 4.8

4.4 ± 3.5

DT

0.2 ± 0.6

1.1 ± 1.4

0.1 ± 0.5

0.5 ± 0.9

0.3 ± 0.8

0.6 ± 1.1

pufa

2.6 ± 2.4

2.8 ± 2.1

3.2 ± 3.1

2.7 ± 2.3

1.9 ± 2.4

1.9 ± 1.9

PUFA

0.0 ± 0.1

0.1 ± 0.4

0.0 ± 0.0

0.1 ± 0.4

0.0 ± 0.1

0.1 ± 0.4

a

Measured at follow-up
Number of missing values at baseline: anthropometric data, n = 25; dental data, n = 8
Number of missing values at follow-up: anthropometric data, n = 21; dental data, n = 16

dental caries is highly prevalent and commonly untreated, or they included children requiring dental rehabilitation under general anesthesia. This may suggest
that the severity of dental caries (the number of caries
lesions and caries activity) plays a role in the direction
and nature of its relationship with nutritional status. For
example, Benzian et al. [8] found that odontogenic

infections as a result of untreated decay (pufa/PUFA > 0)
was a stronger determinant of low weight in children
than dental caries experience (number of decayed, missing and filled teeth (dmft/DMFT > 0)). In the current
study, only 1.7% and 6.3% of caries lesions in the primary teeth and permanent teeth respectively were filled
or extracted, and most caries lesions concerned decay
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Table 2 Dental caries and odontogenic infections according to weight status and stunting in children from Cambodia, Indonesia
and Lao PDR at age 6–7 years and at age 8–9 years
Dental caries (mean ± sd)
Underweight

Normal weight

Odontogenic infections (mean ± sd)
Overweight

Pa

dt at baseline (age 6–7)

Underweight

Normal weight

Overweight

Pa

pufa at baseline (age 6–7)

Cambodia (n = 53 | 538 | 21)

11.7 ± 4.7

9.6 ± 4.4

8.6 ± 4.2

0.004

3.1 ± 2.4

2.5 ± 2.4

1.7 ± 2.2

0.033

Indonesia (n = 45 | 441 | 79)

9.3 ± 5.0

8.3 ± 4.4

6.3 ± 4.5

< 0.001

3.6 ± 2.9

3.3 ± 3.1

2.5 ± 3.1

0.007

8.8 ± 5.2

7.2 ± 4.8

6.5 ± 4.4

0.094

1.8 ± 2.1

1.8 ± 2.3

2.1 ± 3.2

0.997

Lao PDR (n = 41 | 562 | 35)

DT at follow-up (age 8–9)

PUFA at follow-up (age 8–9)

Cambodia (n = 67 | 372 | 26)

1.4 ± 1.4

1.1 ± 1.3

0.7 ± 1.2

0.030

0.1 ± 0.5

0.1 ± 0.4

0.1 ± 0.3

0.985

Indonesia (n = 37 | 335 | 109)

0.9 ± 1.3

0.6 ± 0.9

0.4 ± 0.8

0.176

0.2 ± 0.6

0.1 ± 0.4

0.1 ± 0.3

0.751

0.8 ± 1.1

0.6 ± 1.1

0.5 ± 1.0

0.537

0.1 ± 0.3

0.1 ± 0.4

0.1 ± 0.3

Not stunted

Stunted

Pb

Not stunted

Stunted

Lao PDR (n = 45 | 427 | 46)

dt at baseline (age 6–7)

0.987
Pb

pufa at baseline (age 6–7)

Cambodia (n = 409 | 203)

9.6 ± 4.3

10.2 ± 4.8

0.058

2.5 ± 2.3

2.6 ± 2.5

0.992

Indonesia (n = 478 | 86)

7.9 ± 4.4

9.6 ± 4.6

0.002

3.0 ± 3.0

4.1 ± 3.6

0.010

Lao PDR (n = 377 | 261)

6.9 ± 4.8

7.8 ± 4.9

0.018

1.8 ± 2.2

1.9 ± 2.5

0.666

DT at follow-up (age 8–9)
Cambodia (n = 316 | 147)

1.1 ± 1.4

PUFA at follow-up (age 8–9)

1.0 ± 1.3

0.496

0.1 ± 0.4

0.1 ± 0.2

0.316

Indonesia (n = 399 | 79)

0.5 ± 0.9

0.7 ± 1.1

0.485

0.1 ± 0.4

0.1 ± 0.5

0.867

Lao PDR (n = 357 | 160)

0.7 ± 1.2

0.5 ± 0.9

0.294

0.1 ± 0.5

0.1 ± 0.3

0.820

a

Kruskall Wallis Test,

b

Mann Whitney U-Test

Table 3 The association between dental caries and odontogenic infections at age 6–7 years and underweight at age 8–9 years of
children in Cambodia, Indonesia and Lao PDR
Cambodia (n = 467a)
OR (95% CI)

Indonesia (n = 478a)
P

OR (95% CI)

Lao PDR (n = 522a)
P

OR (95% CI)

P

1.09 (1.02; 1.16)

0.011

0.85 (0.75; 0.96)

0.011

Weight status at follow-up (age 8–9): no underweight (reference), underweight
dt (baseline)

1.09 (1.02; 1.16)

0.010

DT (baseline)

1.75 (1.15; 2.66)

0.009

Number of permanent teeth (baseline)

0.84 (0.74; 0.95)

0.007

0.82 (0.70; 0.96)

0.015

Sex
Boys

1

Girls

0.27 (0.15; 0.50)

1
< 0.001

0.08 (0.03; 0.22)

< 0.001

Age (baseline)
6 < 7 years

1

7 < 8 years

2.29 (1.08; 4.83)

1
0.030

3.97 (1.84; 8.59)

< 0.001

Stunting (follow-up)
No

1

Yes

2.79 (1.32; 5.89)

0.007

Logistic regression
Variables in the model: dt at baseline, DT at baseline, pufa at baseline, PUFA at baseline, number of primary teeth at baseline, number of permanent teeth at
baseline, sex (boys, girls), age group at baseline (6 to < 7 years, 7 to < 8 years), geographical location (urban, rural), number of siblings (1 or no siblings, 2 siblings,
3 or more siblings), TV ownership (no, yes), car/motorcycle ownership (no, yes), stunting at follow-up (no, yes), FIT programme (no, yes)
‘1’ refers to the reference category: no underweight (BMI: SDS ≥ −2)
a
Number of children with missing values of variables in the model: Cambodia, n = 11, Indonesia, n = 8, Lao PDR, n = 13
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Table 4 The association between dental caries and odontogenic infections at age 6–7 years and stunting at age 8–9 years of
children in Cambodia, Indonesia and Lao PDR
Cambodia (n = 467a)
OR (95% CI)

Indonesia (n = 478a)
P

Lao PDR (n = 521a)

OR (95% CI)

P

OR (95% CI)

P

1.07 (1.01; 1.13)

0.003

1.05 (1.01; 1.09)

0.025

0.044

0.82 (0.76; 0.89)

< 0.001

< 0.001

2.27 (1.44; 3.57)

Stunting at follow-up (age 8–9): not stunted (reference), stunted
dt (baseline)
DT (baseline)

1.67 (1.14; 2.43)

0.008

Number of permanent teeth (baseline)

0.74 (0.67; 0.82)

< 0.001

0.89 (0.79; 1.00)

< 0.001

3.01 (1.69; 5.37)

Age (baseline)
6 < 7 years

1

7 < 8 years

3.62 (2.02; 6.51)

1

1
< 0.001

Weight status (follow-up)
Underweight

1

1

1

Normal weight

0.60 (0.34; 1.06)

0.079

0.44 (0.21; 0.94)

0.034

0.77 (0.40; 1.48)

0.431

Overweight

0.13 (0.03; 0.62)

0.011

0.10 (0.03; 0.33)

< 0.001

0.16 (0.04; 0.59)

0.006

Geographical location
Rural

1

Urban

0.56 (0.37; 0.85)

0.006

Car/motorcycle ownership
No

1

Yes

0.48 (0.27; 0.87)

0.015

Logistic regression
Variables in the model: dt at baseline, DT at baseline, pufa at baseline, PUFA at baseline, number of primary teeth at baseline, number of permanent teeth at
baseline, sex (boys, girls), age group at baseline (6 to < 7 years, 7 to < 8 years), geographical location (urban, rural), number of siblings (1 or no siblings, 2 siblings,
3 or more siblings), TV ownership (no, yes), car/motorcycle ownership (no, yes), weight status at follow-up (underweight, normal, overweight), FIT programme
(no, yes)
‘1’ refers to the reference category: not stunted (Height: SDS ≥ − 2)
a
Number of children with missing values of variables in the model: Cambodia, n = 13, Indonesia, n = 8, Lao PDR, n = 14

with advanced progression into the dentine. Therefore,
only active caries (dt/DT) was considered in the analysis
(rather than dmft/DMFT), which may explain why this
study found a stronger association between dt/DT and
underweight or stunting in multivariate regression analyses.
There are several explanations of how severe untreated
dental caries may be associated with underweight and
poor growth in children. Untreated caries can cause pain
and discomfort, which negatively affects children’s ability
to eat and sleep [9, 17, 34]. Limited ability to eat could
lead to poor appetite and reduced nutritional intake,
while disturbance of sleep could impair the secretion of
growth hormones [35]. Indirectly, chronic inflammation
as a result of severe caries with pulpitis could affect
growth via immune and metabolic responses. Inflammatory cytokines, for example interleukin-1, can inhibit
erythropoiesis, leading to chronic anaemia as a result of
suppressed erythrocyte production and haemoglobin
levels [36–38]. Inflammation may also contribute to undernutrition through increased metabolic demands and
impaired nutrient absorption [11]. Evidence for the mechanisms being causal comes from Acs et al. [39] and the
Weight Gain Study [40], which showed a significant increase in weight gain (“catch-up growth”) after extraction

of severely decayed teeth in underweight children. However, two randomized-controlled trial in Saudi-Arabia
could not confirm these findings [41].
In affluent populations, the relationship between dental
caries and nutritional status is likely of a different nature.
Studies in industrialized countries have demonstrated positive associations between BMI and dental caries, particularly in the permanent dentition [4, 14–16]. Both diseases
have dietary and sociodemographic risk factors in common,
which likely underlie the association. As Hooley et al. [3]
pointed out, the development of dental caries in affluent
populations might be progressing more slowly because of
better oral hygiene, higher fluoride exposure and access to
oral healthcare. Hence, measurement of dental caries in
studies from industrialized countries often included initial
enamel lesions or dentine lesions without pulpitis, as well
as filled and extracted teeth (rather than untreated caries
only), making comparison of results between low, middle
and high income countries challenging.
Surprisingly, no significant associations with regards to
dental caries in the permanent dentition were found in
this study, except in Cambodia. The probable reason for
this is that the permanent teeth had just erupted in children at baseline at the age of 6 to 7 years, which means
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Table 5 Number of permanent teeth according to weight status and stunting in children from Cambodia, Indonesia and Lao PDR
at age 6–7 years and at age 8–9 years
Number of permanent teeth (mean ± sd)
Country (n in weight categories)

Underweight

Normal weight

Overweight

Pa

Baseline (age 6–7)
Cambodia (n = 53 | 538 | 21)

5.08 ± 2.59

5.38 ± 2.75

5.71 ± 2.81

0.599

Indonesia (n = 45 | 441 | 79)

5.53 ± 2.47

5.78 ± 2.48

7.32 ± 2.76

< 0.001

5.44 ± 2.67

5.96 ± 2.96

7.49 ± 3.02

0.008

Lao PDR (n = 41 | 562 | 35)

Follow-up (age 8–9)
Cambodia (n = 67 | 372 | 26)

11.99 ± 3.23

12.09 ± 3.45

12.69 ± 3.96

0.604

Indonesia (n = 37 | 335 | 109)

11.97 ± 2.76

12.28 ± 2.87

13.69 ± 3.32

< 0.001

11.20 ± 3.70

12.53 ± 3.62

14.67 ± 4.18

< 0.001

Not stunted

Stunted

Pb

Lao PDR (n = 45 | 427 | 46)

Baseline (age 6–7)
Cambodia (n = 409 | 203)

5.84 ± 2.76

4.43 ± 2.44

< 0.001

Indonesia (n = 478 | 86)

6.11 ± 2.59

5.20 ± 2.28

0.003

Lao PDR (n = 377 | 261)

6.69 ± 2.96

5.03 ± 2.70

< 0.001

10.99 ± 3.36

< 0.001

Follow-up (age 8–9)
Cambodia (n = 316 | 147)

12.62 ± 3.38

Indonesia (n = 399 | 79)

12.68 ± 3.01

12.14 ± 3.09

0.206

Lao PDR (n = 357 | 160)

13.14 ± 3.75

11.36 ± 3.42

< 0.001

a

Kruskall Wallis Test,

b

Mann Whitney U-Test

that there was little time in the study for caries to develop in the permanent dentition. The low levels of DT
and PUFA at follow-up at the age of 8 to 9 years may
have resulted in too little variance to establish significant
associations. Previous studies that did find an association
between underweight and dental decay in the permanent
dentition included children who were at least 3 years
older [7, 8, 33]. A probable reason why significant associations could be demonstrated in Cambodia is that the
prevalence of dental caries was substantially higher in
Cambodia than in Indonesia and Lao PDR. This could
potentially be explained by worse general conditions of
living and hygiene, which could have affected children’s
oral health. Another potential explanation is that the implementation quality of the Fit for School programme
(including the toothbrushing activity and exposure to
fluoride toothpaste) was poorer in Cambodia as compared to the other two countries.

development and underweight or stunting likely have
common risk factors. For example, nutritional deficiency,
including protein-energy malnutrition, may impair dental
development via similar mechanisms of influencing skeletal and physical development. Hence, delayed permanent
tooth eruption may be one of the manifestations of
chronic nutritional deficiencies, making it a valuable indicator of poor overall development in children. The development of permanent teeth follows a sequence over a
long period of time, which already starts before or soon
after birth. There is evidence that undernutrition during
the susceptible stages of tooth development, particularly
during a child’s early years, can lead to enamel hypoplasia,
making teeth more susceptible to demineralization and
dental caries [12, 44]. This suggests that bidirectional effects may exist between undernutrition and dental caries,
whereby undernutrition increases the risk of dental caries
and vice versa.

Discussion of findings related to nutritional status and
the eruption of permanent teeth

Strengths and limitations

The current study also presented evidence for a relationship between nutritional status and the number of erupted
permanent teeth. Underweight and stunted children had a
delayed eruption of permanent teeth compared to children of normal weight and height, while overweight children showed an accelerated eruption. These findings
confirm those of others [13, 42, 43]. Impaired dental

The findings of this study should be interpreted in view
of their strengths and limitations. Strengths of the
current study were the large community-based sample
of children from Cambodia, Indonesia and Lao PDR, the
inclusion of both dental caries and odontogenic infections, as well as the full spectrum of anthropometric
measurements, and the use of standardized methods to
assess oral health and nutritional status by calibrated
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Table 6 The association between weight status and stunting at age 6–7 years and the number of permanent teeth at age 8–
9 years of children in Cambodia, Indonesia and Lao PDR
Cambodia (n = 464a)
(95% CI)

Indonesia (n = 480a)
P

(95% CI)

Lao PDR (n = 516a)
P

(95% CI)

P

Number of permanent teeth
Weight status (baseline)
Underweight

Reference

Reference

Normal weight

0.55 (−0.38; 1.48)

0.247

0.52 (− 0.68; 1.73)

0.393

Overweight

1.94 (0.81; 3.07)

0.001

2.98 (1.25; 4.72)

0.001

Stunting (baseline)
No

Reference

Yes

−1.67 (−2.30; −1.04)

Reference
< 0.001

−0.87 (− 1.60; −0.14)

Reference
0.019

−2.22 (− 2.83; − 1.62)

< 0.001

−0.75 (− 1.35; − 0.14)

< 0.001

Sex
Boys

Reference

Girls

−1.35 (−1.96; −0.74)

Reference
< 0.001

1.07 (0.57; 1.57)

Reference
0.015

Age (baseline)
6 < 7 years

Reference

7 < 8 years

1.96 (1.13; 2.73)

Reference
< 0.001

2.00 (1.45; 2.56)

Reference
< 0.001

2.59 (1.97; 3.21)

< 0.001

Geographical location
Rural

Reference

Urban

0.77 (0.13; 1.40)

0.018

Linear regression
Variables in the model: weight status at baseline (underweight, normal weight, overweight), stunting at baseline (no, yes), sex (boys, girls), age group at baseline
(6 to < 7 years, 7 to < 8 years), geographical location (urban, rural), number of siblings (1 or no siblings, 2 siblings, 3 or more siblings), TV ownership (no, yes), car/
motorcycle ownership (no, yes), FIT programme (no, yes)
a
Number of children with missing values of variables in the model: Cambodia, n = 14, Indonesia, n = 6, Lao PDR, n = 19

examiners. Yet, comparison of our results with previous
research should be made with caution, since non-uniform
parameters have been used in the literature to assess nutritional status, including continuous BMI or BMI z-scores
or classifications according to WHO references, the 2000
Center for Disease Control and prevention (CDC) growth
charts [45] or national references. An important limitation
of the study is that no causal inferences are allowed, since
the study had only a short follow-up period of 2 years.
Furthermore, the study findings are limited to children
who attend primary schools. According to data of the
World Bank, school enrollment rates of primary schoolaged children varied from 92.9 to 97.4% in Cambodia,
Indonesia and Lao PDR in 2012 [46]. Hence, a small percentage of children who do not go to school at all could not
be represented in the current study sample, yet these children may differ in terms of health and socioeconomic characteristics from those who do attend school.
Data on socioeconomic factors were collected through
measurement of TV ownership, car/motorcycle ownership and number of siblings as proxy indicators for SES.
Although asset-based measures and family size can be
useful proxy indicators for SES in LMICs, they were collected from young children via self-reporting. Possible
limitations with regard to the reliability and validity of

their response and the socioeconomic data in this study
should be kept in mind. Furthermore, this study did not
account for a number of other potentially relevant confounders, such as dietary factors, poverty and living conditions. Cambodia, Indonesia and Lao PDR have been
experiencing a nutrition transition as a result of economic
development and globalization over the last decades [47].
This transition describes a rapid shift in dietary patterns
and energy expenditure, which is partially associated with
an increased accessibility to nutrient-poor foods that are
high in saturated fats and sugars [20]. Particularly the increasing availability and affordability of sugary foods and
drinks, also for families from lower SES, pose children at
higher risk of developing both dental caries and poor nutritional status. School feeding programmes that provide
sugar-rich foods to undernourished children may also
contribute to the development of dental caries. To the authors’ knowledge, none of the schools that participated in
the study implemented a feeding programme dyring the
course of the study, but in nearly all schools children can
buy fast food and unhealthy snacks on the school ground.
Future studies should include the aforementioned factors,
using additional methods of data collection, to explore the
potential mechanisms underlying the relationship between
oral and nutritional health.
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Conclusions
This study found that untreated dental caries in the primary
dentition was associated with underweight and stunted
growth in children from Cambodia, Indonesia and Lao
PDR. These associations were not found for dental caries in
the permanent dentition. The study also provided evidence
that underweight and stunting was associated with a delayed
eruption of permanent teeth. These findings suggest that
oral health may play an important role in children’s growth
and general development. Both dental caries and delayed
tooth eruption are likely related to chronic rather than acute
episodic undernutrition, given the associations found with
low BMI-for-age and height-for-age over a period of 2 years.
Findings of this study have important public health
implications. In the context of achieving the Sustainable
Development Goals [48], in particular goal 2 ‘zero hunger’ to end all forms of malnutrition and goal 3 ‘good
health and well-being’, it is of high importance that the
underlying determinants of undernutrition and poor development are addressed. Severe dental caries is one of
those determinants, which can be effectively tackled
through simple, evidence-based and cost-effective measures. These include oral urgent care (often involving tooth
extractions) to treat dental infections and address pain and
suffering, and promoting the availability and use of fluoride
toothpaste to prevent further caries progression and onset
of new caries lesions. This should be combined with strategies to reduce the exposure and intake of sugars for effective caries prevention. The Philippines and other contries of
the region have already introduced a taxation on sugarsweetened beverages and regulations on food available in
schools [49], which are first steps in the comprehensive prevention and control of non-communicable diseases through
upstream policy changes. Promoting good oral health and
addressing untreated tooth decay should be among the priority choices in health promotion planning to improve the
development and well-being of millions of children that are
underweight worldwide.
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