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ABSTRACT
Background: Delayed vaccinations at 2, 4, and 6 months are associated with a higher probability of
delayed age-appropriate vaccination during childhood. This study aimed to assess the effectiveness of
an information session on immunization during infancy.
Methods: An individual educational information session with motivational interview techniques for
immunization of infants was conducted (experimental group) or not conducted (control group) during
postpartum stay in a quasi-experimental cohort study. Immunization data were collected from the
Eastern Townships Public Health registry at 3, 5, 7, 13, 19, and 24 months of age. Logistic regressions
with repeated measures were performed to assess the intervention’s impact. Relative risks (RR) were
estimated. A multivariate model was obtained adjusted for confounding factors.
Results: The experimental and control groups included 1140 and 1249 families, respectively. In per
protocol analysis, a significant increase in VC of 3.2, 4.9, 7.3, 6.7, 10.6, and 5.1% was observed at 3, 5, 7,
13, 19, and 24 months. Children from experimental group had 9% more chance at a complete vaccina-
tion status between 3 and 24 months compared to children from control group (RR (95% CI): 1.09 (1.05-
1.13), p < .001). Children with complete vaccination status at 3 months were more likely to have
a complete vaccination status at 24 months (82.3 vs. 48.1%, RR (95% CI): 2.72 (2.28-3.24), p < .001).
After adjustment, the estimated RR of the intervention’s impact was 1.05 (1.02-1.07), p < .001.
Conclusions: An educational information session about immunization based on motivational interview
techniques conducted during postpartum hospitalization could improve immunization during infancy.
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Introduction

Vaccination is considered one of the greatest public health
achievements of the 20th century.1 One of the objectives of
the Quebec Public Health Program is reaching and maintain-
ing high VC rates (95%) during infancy.2 However, this
objective has not been met so far. In fact, the VC in Quebec
remains suboptimal.3 In 2008, in the Quebec region of Eastern
Townships, VC was 83% at 3 months of age and decreased to
62% at 24 months.4 Confirmed by the most recent childhood
National Immunization Coverage Survey, vaccination uptake
by vaccine type at two years in 2014 varied from 71% to 85%.5

Among the suggested course of action, one of them was using
or developing tools that provide proper vaccination informa-
tion to support parents and healthcare providers. At the same
time, a Quebecers plan to promote vaccination has been
elaborated.6 Two of the main objectives of this plan were to
foster (1) compliance with the vaccination calendar particu-
larly for the infants; and (2) positive attitudes toward immu-
nization in the community. To this end, an effective
intervention to increase community demand for vaccination
was necessary. Furthermore, several studies showed that the
observed delays in the first vaccination at 2, 4, and 6 months
of life are associated with a higher probability of incomplete
vaccination status during infancy.7-13 Therefore, an effective

and early intervention to promote the first vaccination is
required.

However, among the few studies that addressed parental
vaccine hesitancy and refusal, no effective strategies were
suggested;14,15 particularly, no studies found the effectiveness
of education-only interventions for improving VC.16

Moreover, more parents are ambivalent about the effective-
ness and safety of vaccines; several studies showed that one-
third of parents are vaccine-hesitant.17-22 With the increasing
proportion of vaccine-hesitant parents, developing effective
vaccination promotion strategies is important.

In this context, we developed a vaccination promotion
intervention (15–20 minutes per session) for newborn parents
at postpartum stay in the maternity ward. As traditional
educational methods have often failed,14-16 we used motiva-
tional interview (MI) techniques in our educational session.
Described as a promising tool for health promotion strategy,23

MI is a patient-centered communication style used to enhance
patient’s internal motivation to change by exploring and
addressing their ambivalences.24 Originally developed in the
context of substance abuse, MI was also used for behavior
change in several health-related fields such as nutrition, phy-
sical activity, and smoking cessation.25-27 This effective
approach is used for ambivalent and hesitant clients.28
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This new vaccination promotion strategy, called “PromoVac,”
was implemented and tested through a pre-experimental study at
the Centre Hospitalier Universitaire de Sherbrooke (CHUS).29,30

This strategy has especially revealed that this intervention posi-
tively influenced the determinants of vaccination leading to
a global increase of 15% in mother’s vaccination intention.29

Also, these results were confirmed by a significant overall VC
increase for the 2-, 4-, and 6-month vaccinations.30

The short-term impact of this new strategy is very impor-
tant, particularly in the context of suboptimal VC and delays
in the first vaccination at 2, 4, and 6 months of life. This led to
the following question: Does the intervention’s impact on
coverage rate persist in time and subsequent doses in infancy?
Therefore, this study essentially aimed to evaluate the longer-
term effects of the tested intervention on infant’s VC at 13, 19,
and 24 months of age.

Results

Patients’ characteristics

During the study period, 1225 mothers were not approached;
children of these mothers were assigned to the control group,
with a total of 1249 children (twin births included) (Figure 1).
Among the approached mothers, 1128 mothers agreed to
participate and received the tested intervention; children of
these mothers were assigned to the experimental group (1140
children). Finally, two other groups were also considered.
First, children whose mothers refused to participate in the
study were assigned to the “primary refusal group” (167
children). Second, children whose mothers agreed to partici-
pate but refused to receive intervention or those not available
to receive it due to fatigue or breastfeeding issues were
assigned to the “secondary refusal or impossible intervention
group” (203 children). These 203 children were included in
the experimental group for the ITT analysis. Thus, 1,140 and
1,343 newborns of the experimental group were included in
PP and ITT analyses, respectively.

There was no statistically significant difference in the
mothers’ ages and the length of postpartum hospitalization

between the experimental and control groups in the PP ana-
lyses (Table 1). However, statistically significant differences
were observed for the following variables: “At least one
another child in the family,” “Cesarean birth”, and “Newborn
hospitalized in the neonatology ward during postpartum stay”.
Similar results were obtained by ITT analyses, except for
“Cesarean birth,” for which non-significant differences were
observed. Primary and secondary refusal groups had similar
characteristics compared to the control group (data not
shown).

Long-term effect on VC

VC of children from experimental and control groups during
infancy in PP analysis are presented in Figure 2. VC increased
significantly at 13, 19, and 24 months of life in PP (6.7%, 10.6%,
and 5.1%, respectively) and in ITT (5.6%, 8.6%, and 4.6 %) in
the experimental group compared to control group (Table 2).
When considering the complete period of vaccination (i.e.,
0–2 years), the chance of having a complete vaccination status
during infancy was higher in children from experimental group
in PP (RR (95% CI) = 1.09 (1.05–1.13), p < .001) and ITT (RR
(95% CI) = 1.08 (1.04–1.11), p < .001). After excluding twins,
the effectiveness on the intervention for single infants was
identical in PP (RR(95%CI) = 1.09 (1.06–1.13), p < 0.001)
and ITT (RR(95%CI) = 1.08 (1.04–1.11), p < 0.001).

Impact of complete vaccination status at 3 months on
vaccination status at 24 months of life

There was a statistically significant association between com-
plete vaccination status at 3 and 24 months of life when infants
had a complete vaccination status at 3 months, wherein 82.3%
had complete vaccination status at 24 months compared to
48.1% without complete vaccination status (Table 3). The esti-
mated relative risk for an infant with complete vaccination
status at 3 months of having complete vaccination status at
24 months during infancy was RR (95% CI) = 2.72 (2.20–3.37),
p < .001.

Figure 1. Flowchart of inclusions

HUMAN VACCINES & IMMUNOTHERAPEUTICS 733



Adjusted impact of intervention on vaccination status
during infancy (between 3 and 24 months of life)

After adjusting for immunization status at 3 months, time,
mother’s age, number of children, cesarean delivery, and
hospitalization in neonatology, the experimental group still
had a significant higher chance of having complete vaccina-
tion status during infancy (between 3 and 24 months of age)
in PP (RR (95% CI) = 1.05 (1.02–1.07), p < .001) and ITT
(1.04 (1.01–1.06), p < .01) (Table 3). There was also a strong
significant association between complete vaccination status at
3 months and vaccination status during the rest of infancy
(RR (95% CI) = 6.81 (5.58–8.30), p < .001) in PP and 6.76
(5.59–8.17), p < .001) in ITT). There was no significant
association of cesarean delivery and neonatology stay with
vaccination status during infancy.

Discussion

This study aimed to test whether the impact of the tested
intervention of the PromoVac study on the VC persists
through time. This study revealed that the observed impact
on VC at 3, 5, and 7 months of life persists until 24 months.
GEE’s findings allow us to conclude that 9% and 7% of the
children whose parents received the intervention were more
likely to have complete vaccination status throughout the
infancy (0–2 yrs) in PP and in ITT analyses, respectively.
The latter finding is important because it allows us to con-
clude that this intervention is effective even in real life situa-
tion. Sensitive analysis (excluded twins) showed identical
results from the PP and ITT analyses, which demonstrate
the robust effectiveness of the intervention for single infants.

The PromoVac study was the first to demonstrate that
parental education intervention using MI techniques
improves immunization status at 3, 5, and 7 months of
life.29,30 The present study is the first to show that such
promotion strategies improve immunization status during
whole infancy. So far, systematic reviews of interventions to
improve VC in children, adolescents, and adults concluded
that available studies provide insufficient evidence to assess
the effectiveness of educational interventions regarding
improving knowledge or attitudes toward vaccinations or
improving vaccination provision14,35 Another systematic
review suggested that face-to-face interventions to inform
or educate parents about childhood vaccination have little
impact on immunization status or knowledge or under-
standing of vaccination.36 In fact, traditional educational

Figure 2. Percentage of children with a complete vaccine status during infancy (per protocol analysis)

Table 1. Characteristics of mothers.

Experimental
group

n = 1140

Control
group

n = 1249 p

Mother’s age (Mean ± S.D.) 28,4 ± 5 28,5 ± 5 .593
Postpartum hospitalization length (h)

(Méd.(EIQ))
48 (48–72) 48 (48–72) .328

Ceasarean delivery (n (%)) 187/1138 (16,4) 267/1248
(21,4)

.002

Neonatology hospitalization (n (%)) 51/1140 (4,5) 172/1249
(13,8)

.001

More than one child (n (%)) 553/1140 (48,5) 524/1249
(42,0)

.001

Numbers in parenthesis shows percentages in each group

Table 2. Comparison of proportions of children aged from 3 to 24 months with a complete vaccine status (PP and ITT analysis).

PP analysis ITT analysis

Vaccine
coverage (VC)

Control Group
(n = 1249)

Experimental
group (n = 1140)

Absolute differences
of VC (%)

Relative Risk
(95% CI)

Experimental
group (n = 1343)

Absolute differences
of VC (%)

Relative Risk
(95% CI)

13 months 743 (59.5) 755 (66.2) +6.7 1.10 (1.04–1.17)*** 874 (65,1) 5,6 1,09 (1,03–1,16)**
19 months 576 (46.1) 646 (56.7) +10.6 1.23 (1.14–1.33)*** 735 (54,7) 8,6 1,19 (1,01–1,28)***
24 months 928 (74.3) 905 (79.4) +5.1 1.07 (1.02–1.12)** 1060 (78,9) 4,6 1,06 (1,02–1,11)**

Numbers in parenthesis shows percentages in each group * p < .05, ** p < .01, ***p < .001

734 T. LEMAITRE ET AL.



methods have not been shown to be effective in addressing
vaccine hesitancy.37 Some studies have even shown that
trying to convince vaccine-hesitant parents to vaccinate
their child by giving them more information could backfire
and make them even more hesitant.38 On the contrary, high
level of acceptability and effectiveness of the PromoVac
strategy could be related to the use of MI techniques.
First, the use of the MI approach calls for a respectful and
empathetic discussion of vaccination and helps build
a strong relationship between parents and the healthcare
practitioner. Parents can freely discuss their concerns and
ask questions about vaccination without the feeling of being
judged. The intervention is adapted to parents’ needs and is
based on their own concerns and questions. Healthcare
practitioners can, therefore, avoid providing unnecessary
or unwanted information. Using MI techniques, healthcare
professionals can help parents explore their ambivalence
and recognize their arguments for change in order to
make an informed decision about their child’s vaccination.
Using the MI strategy, healthcare practitioners can identify
and target parental concerns or misconceptions about vac-
cination and provide tailored information. When faced with
unsolicited information on a complex issue, people can
interpret the information in a way that supports their initial
position or beliefs; instead of stimulating people to question
their initial position, it is, in fact, reinforced.38-40 The MI
approach ensures that the information provided by health-
care practitioners is tailored to parents’ specific concerns
and is transmitted in a way that helps them resolve their
ambivalence about vaccination. Moreover, in a study about
the decisional process in vaccination, Paulussen et al.
showed that most parents did not actively process informa-
tion about the benefits and drawbacks before deciding
whether to have their child vaccinated.41 This might indi-
cate that the positive attitude towards vaccination and high
vaccination intention expressed by some parents are not
very stable and are, therefore, susceptible to counterargu-
ments. By eliciting and exploring parents’ reasons for vac-
cination, the MI approach enhances personal motivation to
vaccinate via a more robust decisional process.

In conclusion, MI was described as a promising tool for
strategies for the promotion of health42 and vaccination against
Hepatitis A and B among patients undergoing methadone
maintenance.43 In the field of vaccination, only two studies
used MI techniques to promote immunization among
adults.42,43 Although their results were promising, they were
not significant, mostly because of the small sample size43 and

the specific targeted population (adults undergoing methadone
maintenance treatment.42

In addition, those results are interesting because this early
intervention addressed first vaccination at 2, 4, and 6 months
of life. As was shown in numerous studies, first vaccinations
realized on time were associated with better vaccination
status during infancy,7-13 and this should be targeted by
immunization promotion strategies. Indeed, according to
our results, children with complete vaccination status at
3 months were almost 3 times more likely to have complete
vaccination status at 24 months of age. Moreover, multi-
variate analyses showed that the intervention is an indepen-
dent factor which explains the increase in VC. In previous
survey of VC in Quebec, the complete vaccination status at
3 months was the main predictor of a complete vaccination
status at 24 months.5 We demonstrated that our intervention
increase vaccine status at 3 months and by this way indir-
ectly increase vaccination status at 24 months. The impact of
the intervention on both VC at 3 and 24 months are prob-
ably linked but multivariate analysis indicated that the inter-
vention have an independent effect on VC at 24 months. In
conclusion, that strategy had an impact on VC at 3 months
that indirectly increase VC at 24 months and also a direct
impact but it will be difficult to quantify exactly the respec-
tive part of this effect.

The main limitation of this study is that participants were
not recruited randomly, as mothers were approached accord-
ing to delivery chronology, and therefore, conclusions should
be made carefully. However, no statistically significant differ-
ence was observed between VC of children of families that did
not receive the intervention (control group, primary refusal,
and secondary refusal groups), suggesting the absence of selec-
tion bias. Furthermore, no significant difference was observed
between the vaccination site (nurses or medical centers) of the
children of the experimental and control groups.

The control group had also a higher proportion of mothers
whose newborn was not the first child. This difference
between the two groups may have had an impact on the
results of this study because having more than one child is
an independent factor explaining low VC in infancy. Thus, it
probably minimized the effect of the educational session.
Further, the immunization registry does not contain vaccina-
tion data of children who move out of the region after birth.
Thus, VC calculated in this study could be underestimated.
However, this bias was non differential as relocations could
have occurred both in the experimental and the control
groups.

Table 3. Intervention adjusted impact on vaccine status between 3 and 24 months of age.

Univariate analyses multivariate PP analyses multivariate ITT analyses

Variables Unadjusted RR (95% CI) Adjusted RR (95% CI) Adjusted RR (95% CI)

Intervention PP 1.09 (1.05–1.13)*** 1.05 (1.02–1.07)*** –
Intervention ITT 1.08 (1.04–1.11)*** – 1.04 (1.01–1.06)**
Complete vaccine status at 3 month of life 2.72 (2.20–3.37)*** 6.81 (5.58–8.30)*** 6.76 (5.59–8.17)***
Time (month) 0.99 (0.99–0.99)*** 0.99 (0.99–0.99)*** 0.99 (0.99–0.99)***
Mother’s age 1.00 (1.00–1.00) 1.00 (1.00–1.01)** 1.00 (1.00–1.01)*
More than one child 0.90 (0.88–0.93)*** 0.91 (0.88–0.93)*** 0.91 (0.88–0.93)***
Ceasarean 0.97 (0.93–1.01) 0.99 (0.96–1.02) 0.99 (0.96–1.02)
Neonatology 0.90 (0.83–0.95)*** 0.96 (0.92–1.01) 0.96 (0.92–1.01)

*p < .05, ** p < .01, ***p < .001
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Conclusions

Finally, our results indicated that our 20-minute intervention
based on MI techniques administered during postpartum
seems to be an encouraging tool to address suboptimal VC
during infancy. These results should be considered when
choosing effective strategies aimed at promoting infant immu-
nization. A multisite randomized controlled trial is currently
being conducted in the Province of Quebec to confirm these
results. A good communication strategy involves understand-
ing people, establishing a respectful partnership, and helping
them change their behavior according to their capacities. Only
with a better understanding of the underlying causes of vac-
cine hesitancy among hesitant parents can effective tailored
information be delivered. This is what MI offers.

Patients and methods

The methods section adheres to the Transparent Reporting of
Evaluations with non-randomized designs (TREND) state-
ments checklist guidelines.31

Participants

This study is an extension of the quasi-experimental cohort
study, the PromoVac study. Detailed PromoVac design, elig-
ibility criteria, and recruitment methods have been previously
published.29,30 Briefly, during a one-year period, eligible
mothers (aged 18 or over, speaking French or English, and
living in the Eastern Townships region) who gave birth at the
CHUS and the respective newborn infants (twins included)
were included in the study. Mothers or newborns requiring
acute care were excluded from the study. Births occurring at
the CHUS represent 95% of the total births in the region.

Mothers were screened during their postpartum stay in the
maternity ward, over regular business hours (8AM to 5PM),
in chronological order of delivery. In practical terms, this
meant that mothers who had delivered first and who had
not been approached by the research team were screened
first. This approach was adopted in order to optimize recruit-
ment given the short duration of postpartum maternity ward
stays (mean duration = 48 hours). Mothers who agreed to
participate provided written informed consent prior to their
participation, as per applicable law. All children whose
mothers received the study intervention were assigned to the
experimental group, while the static control group included
children of mothers who were not approached to participate
in the study. Two other groups were considered in this study:
the primary refusals group, with children of approached
mothers who refused to participate in the study; and the
secondary refusal or impossible intervention group compris-
ing children of mothers who agreed to participate but with-
drew their consent before receiving the intervention because
of fatigue or breastfeeding issues.

The longer-term effects of the tested intervention onVCwere
evaluated by the static group comparison study with repeated
measures. The study population comprised the children of
mothers who received the PromoVac intervention (experimental
group) and those who did not (control group).29,30

Intervention

The educational session was delivered to mothers during their
postpartum stay (24-48h after delivery) at the maternity ward
by research nurses trained in MI theory and techniques. This
intervention (approximately 15 to 20 minutes) is carried out in
simple and understandable language in order to allow discus-
sion and questions from parents rather than providing pre-
scriptive and direct information. The MI intervention is
oriented according to Prochaska’s stages of change,32 a model
proposing that people go through several stages when wanting
to change a behavior. Thus, each MI intervention was adapted
to parents’ readiness to vaccinate their child. Overall, this
procedure aimed to administer a standardized intervention,
adapted to each mother according to her current stage of
change regarding vaccination intention. This approach aimed
to help each woman progress through the later stages of change
at her own pace, ultimately enabling her to self-mobilize
toward vaccination on her own. Using MI techniques, five
points were discussed during this session1) summary of the
six VPDs at 2, 4, and 6 months of life; 2) vaccines administered
at 2, 4, and 6 months and their effectiveness; 3) importance of
the routine immunization schedule at 2, 4, and 6 months; 4)
fears and side effects related to vaccination; and 5) organization
of local vaccination services in the Eastern Townships. During
the study period, the Quebec routine immunization schedule
recommended vaccines at 2, 4 and 6 months to protect against
diphtheria, tetanus, poliomyelitis, whooping cough, infections
from hemophilus influenza B and pneumococcus.33

Objectives

We hypothesized that an individualized educational informa-
tion session regarding immunization and given during post-
partum hospitalization would improve short-term but also the
entire 0 to 2 years period. The aim of the study was to assess the
impact of this novel educational strategy based on MI techni-
ques, on the VC of infants at 13, 19, and 24 months of age.

Outcomes and vaccination data source

The main outcome measures were the VC of infants at 13,
19, and 24 months of age. Indicators of VC at 13, 19 and
24 months were chosen according to indicators evaluated in
the provincial survey of VC in Quebec.5 To evaluate the VC
of infants, vaccination data were obtained from LOGIVAC,
the immunization registry of the Eastern Townships region.
This exhaustive registry contains all births that have
occurred in the region and records all vaccines administered
to residents of the Eastern Townships since 1998, including
data for those born outside the region. Thus, all children
born in the region, regardless of their vaccination status, are
included in the LOGIVAC registry. Vaccination data were
extracted by the Eastern Townships Public Health
Department for all the participant infants (experimental
group), children of mothers who were not approached
(control group), and for children of mothers who refused
the intervention (primary and secondary refusal groups).
Because we had access to nominal data for all the mothers
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who gave birth at the CHUS, the extraction of vaccination
data of infants for all eligible mothers in the study was
possible. The extraction of nominal vaccination data and
data pairing with the study data was performed by
a research agent of the Eastern Townships Public Health
Authority, who was not involved with our study and was
blinded to the assignation groups of the study.

Variables

VC was considered the dependent variable. Before computing
the study group’s VC, immunization status was determined at
13, 19, and 24 months for each study subject. A child was
considered having a complete vaccination status if he/she
received all vaccines or antigens recommended in 2010 by
Quebec Immunization protocol.33 This one-month delay to
assess VC corresponds to the national standards established
by the Canadian Immunization Registry Network.34

Assignment method and sample size

Once the immunization status was determined for all chil-
dren, the main outcome measures (VC at 13, 19, and
24 months) were computed for each study group as the
proportion of children with a complete vaccination status
among the total number of children in each group. The
independent variables, such as mother’s age, length of post-
partum hospitalization, cesarean birth, infant’s rank in the
family, and hospitalization of the newborn in the neonatology
ward during the postpartum stay, were used to assess the
comparability of groups and to control for potential con-
founding factors. In order to identify a statistically significant
amelioration of 5% in the VC of infants, and taking into
account a VC of 80%6, a risk of alpha error of 0.05 and
a power of 80%, a total of 943 mothers per group should be
recruited accordingly with the 3000 annual births at the
maternity ward of the CHUS.

Data analysis

First, normally distributed continuous variables are presented
using means and standard deviations; abnormally distributed
variables are presented with median and interquartile range.
Student t-test and U Mann-Whitney test were used to com-
pare the characteristics of the experimental and control
groups according to data distribution. For categorical vari-
ables, they are presented with frequencies and percentages.

Thereafter, VC at 13, 19, and 24 months of life in the
experimental and control groups were compared using
Pearson’s chi-square test. An estimate of relative risk (RR)
and 95% confidence interval (CI) were calculated for each VC.
These analyses were carried out in “per protocol” (PP) but
also in “intention-to-treat” (ITT). To detect the presence of
means of monitoring related to the vaccination site, and in
particular, how the patients are monitored in each of these
places, subjects’ vaccination sites in both groups were com-
pared using Pearson’s chi-square test. In addition, VC of the
population that did not receive the intervention (control
group, primary, and secondary denial) were compared using

the same test to verify the absence of selection bias. Univariate
logistic regressions with repeated measures were also per-
formed according to the generalized estimating equations
(GEE) procedure with Poisson distribution to estimate the
chance for a child to have a complete vaccination status
during early childhood (i.e., from 0 to 2 years), conducted
in PP and ITT analyses. Univariate logistic regression was also
performed to evaluate the impact of the complete vaccination
status at 3 months of life on the vaccination status at
24 months of age. Finally, multivariate GEE models with
repeated measures with Poisson distribution were used in
PP and ITT analyses to estimate the chance of a child having
complete immunization status at 24 months depending on
whether or not parents have received the intervention, adjust-
ing for immunization status at three months, time, mother’s
age, the number of children, cesarean delivery, and hospitali-
zation in neonatology. Sensitive analysis excluding twins was
also conducted to estimate the robust of the results for single
infants.

Analyses were performed with IBM SPSS version 22.0
(Armonk, NY) and SAS version 9.3 (Cary, NC). A value of
p < 0.05 was considered significant.
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