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Effect of Motivational Interviewing on Rates of Early Childhood Caries:
A Randomized Trial
Rosamund Harrison, DMD, MS' • Tonya Benton, MA^ • Siobhan Everson-Stewart, MS^ • Phil Weinstein, PhD'

Abstract: Purpose: The purposes of this rondomlzed controlled trial were to: (I) test motivational interviewing (Mt) to prevent early childhood caries: and (2) use

Poisson regression for data analysis. Methods: A total of 240 South Asian children 6 to 18 months old were enrolled and randomly assigned to either the Ml or

control condition. Children had a dental exam, and their mothers compieted pretested instruments at haseline arid 1 and 2 years postintervention. Other covariates

that might explain outcomes over and above treatment differences were modeled using Poisson regression. Hazard ratios were produced. Resuits: Analyses in-

cluded ali participants whenever possible. Poisson regression supported a protective effect of Mi (hazard ratio lHR!=0.54 (95%CI=0J5-0.84)-that is. the Ml group

had about a 46% lower rate ofdmfs at 2 years than did control children. Similar treatment effect estimates were obtained from models that included, as alterna-

tive outcomes, ds, dms, and dmfs, inciuding "white spot lesions." Exploratory analyses revealed that rates ofdmfs were higher in children whose mothers had: {}}

prechewed their food: (2) been raised in a rural environment: and (3) a higher family income (P<.05). Conclusions: A motivationai interviewing-style intervention

shows promise to promote preventive behaviors in mothers of young children at high risk for caries. (Pediatr Dent 2007;29:l6-22)
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Although dental health receives scant attention in most dis-
cussions of immigrant health,' preschool children from im-
migrant communities are known to he disproportionately
afflicted with dental caries.' Historically, one of the largest
immigrant groups to Canada is from the Indian siibconti-
nent or "South Asia." Similar to other immigrant groups, the
dental health of young, low income, immigrant South Asian
children has consistently been reported to be poor. In fact, a
variety of surveys in Great Britain describe the dental health
of Asian children as consistently worse than that of native-
horn children.3" Comparable ohservations have been made
for South Asian children resident from western Canada.^

Many factors contribute to the poor dental health of
South Asian children:

1. Their diet may be less than ideal because of parents'
unfamiliarity with products available on grocery
shelves.

3. Child-rearing is "child-centered" in South Asian
families.'
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3. Children often have no fixed schedules; a ehild goes to
hed when tired and eats when hungry.

4. Sugary snacks and beverages may be used to paeify a
fussy child, but parents may not be aware of the effect
that this practice will have on their child's teeth.

5. Parents who work long hours may not have the
time or money to access dental services. Child care
may be also entrusted to grandparents who indulge
their grandchildren.

Any of these psychosocial and behavioral factors, in
combination with other known risk factors, may contribute
to the development of dental caries.

While parents who are struggling with the challenges
of acculturation may simply not be aware of the etiology and
consequences of early childhood caries (ECC), research does
not support the efficacy of providing only education or infor-
mation to these parents.'"" Education alone has been found
to be ineffective because direct persuasion by a bealth pro-
fessional is often practiced without regard for the parents'
readiness to change their existing behaviors.'* Promising
results, however, have been reported using a brief, patient-
centered, personalized counseling approach called motiva-
tional interviewing (MI).'' MI focuses on strategies to move
parents from inaction to action; many possible paths to a so -
lution are provided in the form of a "menu of options."'* Use
of open-ended questioning, affirmations and the reinforce-
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ment of self-efficacy, reflective listening, and summarizing
are used in a directive manner. These techniques move cli-
ents toward:

1. self-examination;
2. awareness of the problem; and
3. understanding of how their current behavior is at odds

with their desired goal.'^
The motivation for change comes from the client, but the

counselor helps create, by skillful questioning and reflec-
tion, the expectation of change, A recent systematic review
indicated that treatment effects for Ml range from 0.25 to
0.57 for a variety of health behaviors, including: (i) diabetes
management; (2) exercise; and (3) dietary modihcation."'
Poisson regi ession to model caries risk is becoming a more
widely used statistical approach,''''^ as more becomes known
about the non-normal distribution of dmfs in disadvantaged
populations. Poisson regression also incorporates a time co-
variate. This controls for the amount of time each subject bas
participated in a study, thereby estimating the possible con-
founding effect of time on each individual's measurable risk
of caries during the study. In addition, the expected num-
ber of caries onsets can be related to surface- and subject-
specihe explanatory variables. For example, an exploratory
analysis of a Finnish xylitol prevention trial'" using Poisson
regression confirmed previously reported findings, but also
revealed 2 other potential effect modifiers: (1) period effect;
and (2) a posteruptive age effect."' Despite the fact that Pois-
son regression methods allow for tbe estimation of caries in -
cidence rates in the population of interest in a given time pe-
riod, their use is still infrequent in caries prevention trials.
Poisson regression has been recently used to analyze 3-ycar
results of a sealant trial,"" however, but is more commonly
applied to the analysis of existing databases.^' The most pow-
erful statistical approacb allowed by the sample size to ensure
confidence in the findings should be used in any analysis.

Tbe purposes of this randomized controlled trial were to;
1. test motivational interviewing as a behavioral ap

proach to prevent early childhood caries; and
2. use Poisson regression, a time-to-event statistical

methodology, to increase efficiency of the data
analysis.

Methods
Sample participants/indusion criteria. This project was a
joint undertaking of the University of Britisb Columbia and
Universtiy of Wasbington, in collaboration with the Pro-
gressive lntereultural Sendees Society (PICS), a community
organization for South Asian immigrants in Surrey. British
Columbia, Canada. The Behavioral Research Ethics Board
of University of British Columbia approved the project. Re-
quired sample size was calculated to be 210 (105 per group.)

Over a 2-year period, 240 6- to 18-month-oId South
Asian children and their mothers were enrolled in the trial.
The procedures and possible discomforts, risks, and ben-
efits were explained fully to the parents in either Punjabi or
English. Informed consent was obtained prior to the inves-
tigation. Families were recruited: (1) at the PICS community
center; (2) at widely attended Sikh temples; (3) at commu-
nity events; and (4) via radio advertisements. Children were
excluded only if they had a serious acute or chronic health
condition that would disallow their full participation. Surrey,
Canada is a nonfluoridated community.

Design. The study was a randomized, controlled trial with 2
conditions. After children were stratified into 2 age groups
(6-12 months; >i2 months) within each gender, subjects
were assigned to either the experimental Ml arm of the trial
or to the "traditional health education" (control) arm using
a table of random numbers. To keep project staff blinded to
treatment condition, stratified groupings of randomization
assignments were given in blocks of 10 envelopes previously
sealed by tbe statistician and opened by PICS staff. Age strat -
ihcation accounted for:

1. individual differencesinthenumber of erupted teeth,
and time of exposure to cariogenic foods; and

2.gender stratification for any parenting differences
that may affect caries risk.

Control condition. Each control mother received a pamphlet
on infani oral health designed by the local heahh unit dental
staff, hut modified to include strategies to prevent ECC appro-
priate to the South Asian community. Mothers also watched
an xi-minute educational video. "Preventing Tooth Decay
for Infants and Toddlers."" Botb pamphlet and video, avail-
able in English and Punjabi, also recommended that parents
take their child to PICS for fluoride varnish applications.

Table l . RAINBOW SMILES MOTIVATIONAL INTERVIEWING
"MENU"

Do not add anything sweet or sugary to bottle.

Wean child from bottle; focus on night-time.

Clean your baby's teeth as soon as they appear.

Use a smear of fluoride toothpaste.

Hold baby when feeding.

If baby wakens at night, give water.

Limit sipping and snacking.

Bring your baby to the dentist 2 times per year for fluoride
varnish.
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Experimental condition.
Parents in tbe experimental
condition received:

1. the pamphlet and video;
2.one 4,5-minute counsel-

ing session;

3. two brief follow-up tele-
phone call at 'i weeks and
1 month after initial
contact;

4.four follow-up telepho-
ne calls up to 6 months
after the initial contact;
and

5. two postcard reminders.
Three South Asian women

were trained as" MI counselors."
Audiotapes of the interventions
were periodically reviewed by
one of the investigators to en-
sure that the MI protocol was
being delivered consistently.
Briefly, the protocol focused on
establishing rapport and need
and presenting and discussing
a "menu of options" for infant
oral health care. Prior to be-
ginning the trial, 5 focus groups
were held that included South
Asian: (i) mothers; (2) fathers;

and (3) grandparent caregivers. Their comments and sugges-
tions were the basis for the items in the Ml "menu" (Table 1),

Data collection. Each parent completed 2, questionnaires
that have been used in previous studies of high- risk children:

1. A modified Evens instrument, which assessed:
a. parenting practices;
b. diet;
c. hygiene factors; and
d. demographic factors that might influence develo-

Table 2. RANDOMIZATION EFFECTIVENESS: CATEGORICAL BASELINE CHARACTERISTICS
OF STUDY SAMPLE BY TREATMENT GROUP

VARIABLE

Boys

Mother was raised in an urban setting

Study visit took place at the subject's home

Child has lived in >1 dwelling

Mother is not married

Mother has less than a high school education

Primary caregiver has poor oral health

Child is in "fair or poor health"

Child has had a major illness

Child has been given antibiotics

Children are given vitamins daily

Mom prechews child's food daily or more

Household income >$30,000/y

N*

118

107

118

114

115

112

111

86

111

53

115

no

86

CONTROL

nt

61

33

22

8

4

22

20

21

14

29

23

18

44

%

52

31

19

7

4

20

18

24

13

55

20

16

51

MOTIVATION A!.

jmTRVlEWlNG

N*

122

109

122

118

119

117

112

96

113

63

115

112

97

nt

69

34

38

8

5

17

14

23

9

38

25

19

51

%

57

31

31

7

4

15

13

24

8

60

22

17

50

PVALUER

.45

.96

.03

.94

1.0

30

.25

.94

.25

.55

.75

.90

.85

2. The Readinesss Assessment for Parents concerning
Infant Dental Decay (RAPIDD).̂ ^ This instrument has been
validated to yield 4 reliable subscales (alphas range from
0.61 to 0.97):

a. openness to dental health;
b. values dental health;
c. difficulty with change; and
d. child permissiveness.

Caries was assessed with a visual examination using a
modification of the criteria of Radikc. ̂ •' Teeth were wiped with

* N= total no. of responses per study group.
t n=no. of respondents in study group positive for this variable.
^ Pvalue determined by chi-square test or, foreell sizes <5, by Fisher exact teat.

cotton gauze and then examined using front surface mirrors
and a dental light. Explorers were primarily used to remove
plaque and periodically to verify cavitation of the enamel.
Children were examined in the "knee-to-knee" position by
one of 3 calibrated, Punjabi-speaking dentist-examiners.
Interexaminer reliability yielded a kappa coefficient of 0.78.
Examiners were unaware of the child's group designation.
After any oral examination, treatment referrals were made
and restorative needs completed at the parent's discretion.
Surfaces were coded as: (1) decayed; (2) missing due to caries;
(3) filled; or (4) "white-spot, noncavitated." Questionnaires
were completed, and caries was assessed at the time of enrol-
ment and at the 1 - and 2 -year follow-up appointments. Final
follow-up was completed 4, years after reeruitment began.

Questionnaire and dental health data were entered into
Excel spreadsheets and analyzed using SAS statistical software
(SAS, Inc, Los Angeles, Calif). A preliminary analysis of the
data showed crude effects using chi-square and odds ratios."**'
Mean dmfs was compared between groups, but with the study
completed more powerful analyses were warranted. Factors that
the authors hypothesized could explain the rates of dmfs were
modeled using Poisson regression. Hazard ratios—or ratios of
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Table '^i. RANDOMIZATION EFFECTIVENESS.- BASELINE CHARACTERISTICS OF STUDY SAMPLE BY TREATMENT GROUP

VARIABLE

Recruitment age (mos)

Gestational age (wks)

Time in Canada (mos)

No. in household

Cheerful moodf {1-6)

Calm moodt (1-6)

Active moodt 0-6)

Rested moodt (1-6}

Interested moodt (1-6)

X Readiness: Open to health
info (1-5)

1 Readiness: Values dental
health (1-5)

t Readiness: Change
difficulty 0-5)

t Readiness: Child
permissive (1-5)

N

118

85

105

112

110

111

110

111

m

103

99

107

103

CONTROL

MEANICSD)

12.1±5J

38.7+2.6

95.7+136.0

5.4+2.4

2.0±1.1

2J±1.4

23+13

2.4+1.5

2.1+1.2

3.2+1.2

3.2+1.6

3.0+0.6

3.a±0.9

RANGE

1.1-29.4

28.0-43.0

0.0-240.0

2.0-14.0

1.0-5.0

1.0-6.0

1.0-6.0

1.0-6.0

1.0-6.0

1.0-5.0

1.0-5.0

1.0-5.0

1.0-5.0

N

122

89

111

112

113

IB

m
111

112

no

97

111

98

MOTIVATIONAi INTERVIEWING

MEAN±(SD)

10.8+53

39.0±1.9

138.1+188.4

53±23

2.0+1.1

2.1±1.0

2.2+1.2

2.2±13

2.1±]3

3.4+1.4

3.5±1.5

3.1+0.7

2.9+1.1

RANGE

1.8-23.0

32.0-42.0

0.0-420.0

2.0-16.0

1.0-6.0

1.0-5.0

1.0-6.0

1.0-6.0

1.0-6.0

1,0-5.0

1.0-5.0

1.0-5.0

1.0-5.0

PVALltE*

.06

36

.06

.70

.92

.26

.74

.17

.80

.27

.17

.12

.49

* P= significance of t tests comparing means of motivational interviewing group to control group.
•f Mood scales: Larger values=less of specific mood (more depressed).
J Readiness scales: Larger values'-less agreement with readiness.

Table 4 . DENTAL HEALTH STATUS OF CONTROL COMPARED \N\IH
MOTIVATiONAL INTERVIEWING CHILDREN AT I YEARS

VARIABLE

Decayed surfaces

V\/hite 5pot surfaces

Missing surfaces

Filied surfaces

dmfs

dmfs plus white spots

No. of fluoride
varnishes received

CONTROL

(N'lOO)

MEANi(SD)

2.91±5.6

032±l,1

1.25+5.8

3.43±9.7

7.59±14.2

7.91±14.2

0.25±0.5

iVl(3TIVATI0NAi
INTERVIEWING

(NH05)

MEANI(SD)

2.03±4.9

.17±0.6

33±2.5

.99+5.1

335±7.8

3.52+8.0

3.81+1.2

PVALUE'

.23

.21

.14

.03

.001

.01

.001

• P= significance of t tests comparing means of motivational
interviewing group to control group.

the dmfs rate of the experimental group (MI) divided
by the dmfs rate of the "control" group (traditional
education)—were produced hy Poisscn regression.
Hazard ratios are interpreted as an estimate of relative
risk, similar to an odds ratio.

Results
The project, named "Rainhow Smiles" hy project
staff, enrolled and randomized 240 children. No
adverse events occurred. Randomization checks
were conducted on possible demographic and be-
havioral differences hetween groups (Tables 2 and
3). As determined by self-report questionnaires,
the randomization effectively equalized the groups
onavariety of factors, includingthe: (1) child'sgen-
der; (2) mother's marital status; (3) mother's rural
or urhan status; (4) mother's history of residence:
(5) numher of household memhers; (6) perinatal
factors: and (7) child health parameters. Two of the
MI children had caries at baseline, compared to 4
children in the control condition; this prevalence

MOTIVATIONAL INTERVIFWING IK A CARIES TRIAL 19
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was not significantly different (chi-square=o.'75, 2-tailed;
P=o.39). Similarly. 26 children in the MI group did not have
a fully erupted dentition at time of enrolment, compared
to 16 children in the control condition; this difference was
not significant. (chi-square=2-5o. 2-tailed; P=o.ii). Despite
stratification, the child s age at initial recruitment differed
between groups, with children in the control condition heing
slightly older when parents were recruited into the study (12
vs u months, t [238] = !.89. 2-tailed; P=.o6). Therefore, age
was considered in all analyses. Although groups were differ-
ent on 2 other variables at baseline—mother's time in Canada
and number of home visits—hivariate analyses showed no
significant relationship between either of these variables
and any decay outcome after 2 years. Therefore, neither of
these variables was included in final models-
Basic comparisons of mean dmfs between experimental and
control groups for the 205 children who remained in the
project at study's end are detailed in Table 4. Based on an in-
tention-to-treat approach, further analyses were conducted
with all 240 participants whenever possible. The MI ap-
proach was compared to the traditional approach after con-
trolling for child's age at haseline. Poisson regiession results
supported a protective effect of MI (hazard ratio [HRJ^o.54;
(95%CI=o.35-o.84). Subjects in the MI group had a 46%
lower rate of dmfs after 2 years than did subjects in the con-
trol group. As a sensitivity analysis, decayed surfaces, decayed
and missing surfaces, and dmfs (including white spots) were
analyzed as alternative outcomes: similar treatment effect
estimates were obtained from these models.
Further exploratory analyses tested 42 "theory-driven"
baseline covariates in the Poisson model. These covariates
included, for example:

1. family's history of decay;
2. mother's mental health:
3. number of adults in the household:
4. whether the mother came from an urban or rural en

vironment in India;
5. if mother prechewed the child's food and family

annual income.
These analyses revealed that dmfs rates were higher in chil-
dren whose mothers had: (l) prechewed their food (P<.oo8);
(2) been raised in a rural environment {P<.oo^); and (3) an
annual family income greater than $30,000 (P<.oo7).

Discussion
Two years after a mother in thc experimental group had re-
ceived the MI intervention, her child was much less likely to
have caries than a child in the control group. "MI children"
had a 46% lower dmfs rate. The results confirm the find-
ings of recent meta-analyses concluding that adaptations of
MI are a promising approach to treat prohlem

The dentally healthy behaviors "practiced" bythe "Ml moth-
ers" varied because their behaviors depended on what they
selected from the MI "menu." (Table 1) Thus, comparisons
of at-home parenting practices, like tooth-hrushing and di-
etary changes, cannot be reliably made between conditions.
Visits for fluoride varnish, however, were recorded for both
experimental and control subjects. Comparisons between
both conditions in the trial indicated a higher average num-
ber of fluoride varnish applications in the Ml group than the
control group for the study's second year (Table 4). It was
study group (MI vs control group), however, not number of
fluoride varnish visits, that remained in the Poisson models
as a predictor of caries outcomes at 2 years.

Because families in the MI condition attended for the
fluoride varnish treatments much more routinely than con-
trol families, it could be concluded that Ml mothers em-
braced the benefit of these fluoride varnish visits more than
the control mothers. This finding demonstrates the goal of
MI, which is to positively influence tbe preventive behaviors
of patients. A recent report from another randomized con-
trolled trial involving low income, visible minority children
in San Francisco, California, also demonstrated promising
results from a combination of fluoride varnish and parental
counseling for high-risk toddlers. '̂

Given the success of MI in promoting healthier behav-
iors in a wide range of clients with diverse conditions""' and
the uhiqpiitous nature of ECC in the child population, there
is every reason to be optimistic that future ECC-prevention
programs based on an MI approach will be effective in other
high-risk children. Thc importance of using "reflective lis-
tening" to involve the community of interest in the content of
the "menu." however, cannot be overemphasized.

Similar to other successful health promotion programs
targeting high-risk families from cultural minorities,^' lay
health workers of similar culture and background to the
community of interest were employed hy Rainhow Smiles.
The MI counseling approach is a technique that can be read-
ily learned by both lay health workers and professionals. MI
techniques were mastered by Indo-Canadian women, none
of whom were health care professionals, following a short
training period in a workshop setting. In addition, because
mothers often had limited access to any kind of transporta-
tion to the community center, the initial visits for mothers
in both conditions were offered as home visits. While there
were more home visits in the Ml group, the "number of home
visits" covariate did not predict caries in the final model- The
protocol did not include any telephone follow-up in the sec-
ond year of the study. Further telephone or in-person follow-
up may serve as a booster to reduce thc chance of any "lapses"
in parental behavior becoming complete "relapses." Increas-
ing the numher of MI counseling appointments and spread -
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ingthem out overtime, in addition to more intense follow-up,
will certainly further enhance the effect of the intervention.

In addition to the treatment effect of MI, the Pois-
son modeling demonstrated that a ehild whose mother was
raised in a rural rather than urhan background in her native
India was significantly more likely to have caries after 2years.
Certainly, health status for a variety of indicators differs he-
tween rural and urhan Indian mothers and children.^" •*" It is
important to note, however, that in the past decade, the level
of urban poverty in India is actually increasing while rural
poverty is decreasing. '̂̂  South Asian mothers from a rural
background show significant differences from their urhan
counterparts for hoth education and income.3+ The fact that
mothers from rural areas likely had less opportunity for high-
er education may he one explanation for their children's poor
dental health even after moving to Canada. Use of dental ser-
vices by immigrants has been reported to be positively corre -
lated, possibly with attainment of postsecondary education.'
Rural mothers may also face greater barriers to acculturation
than urban-horn mothers, who likely adapted more easily
to the urban environment in their new homes in Canada^ .̂

The poor dental health of young children from Asian
families is explained by a multitude of reasons over and
above material deprivation or income status.^ in contrast to
the findings of other investigators,^*^^ children whose fami-
lies were wealthier had higher rates of dental decay than
theirless well-off peers. A possible explanation is that South
Asian families commonly live together in extended family
situations in which incomes are pooled. Thus, these fami-
lies have more disposable income for nonessential items like
sugaiy foods.'' In addition, grandparents and other relatives
are continuously present in the home to indulge young chil-
dren with sweets.

In a more traditional, less westernized South Asian
home, babies are not generally given special "baby" foods.
Solid foods will be given some time after the second month,
and by 15 months the baby is eating adult foods.'' Such foods
may. by necessity, be prechewed by mothers. Tlie significant
relationship observed between the covariate of a "mother
who prechewed food" and caries in her child is not surpris-
ing, given our current understanding of transmission of mu-
tans streptococci bacteria from mother to child.^'

A challenge in any clinical trial is not only recruitment,
but retention of subjects. Pirie has indicated the keys to re-
tention of subjects in a trial are:

1. gatheringconsiderabletrackinginfonnationincluding
multiple contacts;

2. maintaining personal contact with subjects during
the study;

3. updating contact information eveiy 6 months; and
4.providing rewards and incentives.''"
Such procedures in Rainbow Smiles included:

1. recording several contact telephone numbers at en
rolment and updating this information every 6
months;

2. a prize draw for all families who attended the 1- and
2-year examinations; and

3. "appreciation" parties for project volunteers.
In addition, the relatively close-knit Sikh community

proved to be a helpful resource in "tracking down" families
who had lost contact with project staff. Birthday cards were
mailed annually to each child in the study. Families were
given $5 for each visit to defray costs of transportation, but
many families refused the money or donated it to the com-
munity center. These strategies proved successful in main-
taining 205 of the 240 enrolled children until project's end.
It was the dedication and resourcefulness of the project staff,
however, plus the large number of community members of
all ages who volunteered to work on Rainbow Smiles, who are
to be congratulated for the success and positive outcomes of
tbis randomized controlled trial.

Conclusion
Motivational interv iewing shows promise as a bebavioral in-
tervention to promote preventive dental bealth behaviors in
mothers of young children at high risk for caries.
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