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Abstract

Purpose—Fear of needles develops at approximately five years of age, and decreases compliance
with healthcare. We sought to examine the relationship of preschool vaccine history, parent and
preadolescent needle fear, and subsequent compliance with optional vaccines.

Methods—As part of a private practice randomized controlled trial, parents and 10-12 year olds
rated needle anxiety on a 100mm visual analog scale. This follow-up cohort study compared their
needle anxiety to previous vaccination records, including number of vaccinations between ages
four and six years (total and same-day maximum), and subsequent initiation of the HPV vaccine
through age 13.

Results—Of the 120 preadolescents enrolled between 4.28.09 and 1.19.2010, 117 received
preschool vaccinations between ages four and six years. The likelihood of being in the upper
quartile of fear (VAS = 83) five years later increased with each additional same-day injection
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(OR=3.108 p=0.0100 95%CI1=1.311,7.367), but was not related to total lifetime or total four-to-
six year injections. Only 12.5% (15) of parents reported anxiety about their preadolescents’
vaccines (VAS>50). Parent and child anxiety was weakly correlated (r=0.15). Eight children in the
upper fear quartile began their HPV series (26.67%) compared to 14 in the lower quartile (48.28%
VAS<32) (OR 2.57, p=0.0889, 95%CI 0-864-7-621); there was no difference in HPV uptake
between upper and lower quartile of parent anxiety.

Conclusions—The more same-day preschool injections between 4-6 years of age, the more
likely a child was to fear needles five years later. Preadolescent needle fear was a stronger
predictor than parent vaccine anxiety of subsequent HPV vaccine uptake.

Introduction

Methods

Fear of needles impacts parents’ willingness to have children vaccinated'=3 and affects
adults’ subsequent healthcare experiences.*® According to hospitalized children, needle
punctures are their greatest source of pain next to their disease.” The effects of untreated
needle pain are remembered even by preverbal children,8° and may amplify with age: up to
15% of geriatric patients refuse flu shots due to injection fear,19 and 28% of HIV patients
delayed being tested.}! Young adults delay or may not seek medical treatment,2 and almost
40% of adults refused blood sampling due to reported fear of needle pain.13

Despite these associations between fear of needles and health behaviors, prospective
research into the cause, incidence and impact of needle fear is scant. When the incidence of
needle phobia in the general population was described in 1995, 10% of adults and 25% of
children reported a moderate to severe fear of needles.}4 In 2012, Taddio et al reported a 2.5
fold increase: 23% of adults and 63% of children.3 The cause of this increase has not been
explained. Retrospective publications have hypothesized that experiences between ages four
and six years result in an acquired fear of needles.® The blood donation literature supports
that needle-associated vasovagal responses® are primarily predicted by acquired needle fear
and lead to decreased blood donation,17-19 and recent work suggests vaccines play a role in
the development of fear.>6

In a previous study we collected parent anxiety and child fear of impending vaccinations at a
10-12 year routine pediatric visit.20 For the current study, we compared these responses with
previous vaccination history and subsequent vaccination records through age 13 to evaluate
the impact of fear on the subsequent decision to initiate the HPV series. Our aim was to
determine if more vaccinations at one time and younger initiation of the childhood vaccines
would be associated with greater fear of needles at age 10-12 years. In addition, we
hypothesized that greater needle fear would be associated with reduced initiation of HPV
vaccination.

This cohort study included preadolescents enrolled at a private pediatric office in Atlanta
Georgia in the United States between 4.28.09 and 1.19.2010 as part of a randomized
controlled clinical trial NCT00910611 supported by the NIH/SBIR Grant
4R44HD056647-02. The current study evaluated the cohort’s immunization records through
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10.31.13; both studies were approved by the IRB of Georgia State University. For the initial
recruitment, all children ages 10-12 years of age presenting to their pediatrician to receive
scheduled required intramuscular (IM) vaccinations were eligible for inclusion. Patients
were excluded if there was no caregiver available to give informed consent, there were clear
cognitive impairments affecting children’s ability to understand or communicate the
measures used in the study, or parents or children were unable to speak English.

After written informed consent and assent were obtained from the parent and child
respectively, the accompanying caregiver provided information about their relation to child,
sex, age, race, and maternal level of education, and child’s date of birth, sex, race, relevant
medical and vaccine history. Prior to randomization, children and parents heard a script
explaining how 100mm Visual Analog Scales (VAS) were used. Parents indicated their
child’s historical anxiety with vaccination on a 100mm linear VAS between 0 = “usually not
at all upset” to 100 = “usually extremely upset,” and their own anxiety about the child’s
vaccinations that day. Children indicated with a vertical mark on a separate VAS how fearful
they were about their shots on that day, between not at all anxious and most anxiety possible.
While “fear” is the technical academic term used to describe justified anxiety with
impending pain, we chose to use the less loaded words “anxiety” and “nervousness” in the
data collection instrument. Parents and children were blinded to the others’ response.

Immunization history was obtained from the Georgia Registry of Immunization Transactions
and Services (GRITS), a state-wide computer database populated by the pediatric offices.
Twelve charts were initially missing vaccination data and required additional follow up to
verify the records. When state data was missing, researchers verified vaccines and dates with
the primary care physician. When the primary care physician was unable to verify whether a
patient received a vaccine or the date, parents were contacted directly to confirm.

Statistical Analysis

Results

The sample size was predetermined for the three arm controlled trial of a pain relief device;
all recruited subjects were eligible for inclusion in the current cohort. Presumptive predictors
of preadolescent fear included parental anxiety, the greatest number of single-day injections
between age four and six, age in months at that time, the total number of childhood
vaccinations and total between age four to six. Quantitative variables were categorized into
quartiles, and adjacent categories combined when similar. Cochran-Mantel-Haenszel
Statistics were used to calculate odds ratios and assess for significance of relationships and
dose-response. Relationships between child fear and parent anxiety were examined using
scatterplots, Pearson’s correlation coefficient, histograms and paired mean analyses. Number
of injections as a predictor of child fear was modeled using linear and logistic regression.
Data were analyzed with SAS 9.4 (Cary, North Carolina).

120 children aged 10 — 12 years were enrolled between April 28 2009 and January 19 2010.
(Figure 1) One patient was previously unvaccinated, and two patients were not vaccinated
within the four to six year age range; these were excluded from further prospective fear
quartile analysis.
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There were no demographic differences between preadolescents in the low, middle two, and
upper quartiles of fear. (Table 1) Parents were much less likely to be anxious about their
child’s vaccinations that day than their children. (Figure 2) The majority of parents (63%)
indicated an anxiety about their child’s vaccines of 10mm or less, with 27 parents endorsing
0/100mm. Only 15/120 parents (12.5%) indicated an anxiety of 50mm or greater. In
addition, parent anxiety was weakly correlated to child fear (r=0.15 p=.0150)(Figure 3).

The median endorsement of fear for the children was 56/100. The likelihood of children
being in the upper quartile of fear (VAS = 83) was related to the number of previous
vaccinations on one day in a dose response manner,(Figure 4) however the age or injection
relationship did not fit a linear model (r=.19724 p=.0330). No child receiving one injection
was in the upper fear quartile, 2(9.5%) with two, 22(26.8%) with three, and 6(50%) of
children who received four vaccinations on the same day (p=0.0387). For every 1 additional
same-day injection, the likelihood of being in the highest fear group five years later
increased (OR=3.108 p= 0.0100 95%CI=1.311,7.367).

The correlation between parents’ VAS assessment of “How does your child usually react to
vaccinations?” (not at all to extremely upset) and the child’s reported fear of their
vaccinations was r=0.45 p=<.0001, indicating moderate correlation. 53% of parents
underestimated anxiety (mean 32mm), 13% were within +/-5mm of their child’s stated
anxiety, and 34% overestimated (mean 25.9mm). A paired means analysis showed a
significant difference in the parents’ historical estimation of their child’s anxiety and their
child’s anxiety report (p=0.0085).

The total number of prior vaccinations over a child’s lifetime was not related to fear at age
10-12 years (r=0.11) or initiation of HPV vaccination. HPV initiation for children whose
parents were in the lower or upper quartile of vaccine anxiety did not differ. However, 26.7%
of children in the upper quartile of needle anxiety (=83 on VAS) began their HPV series
compared to 48.3% of those in the least anxious quartile (<32 on VAS) (OR 2.57, p=0.0889,
95%CI 0.864-7.621) (Figure 5).

Discussion

This study found that preadolescent fear related to childhood single-day injection history in
a dose-dependent manner, but the infant and total number of childhood vaccinations did not
predict fear. Parents of preadolescents underestimated their children’s anxiety, and parent
and child anxiety correlated poorly: parents skewed toward “not anxious” while the
preadolescents skewed to the “most anxiety possible”. Preadolescents’ needle fear was a
stronger predictor of subsequent uptake of the HPV vaccine than parent vaccine anxiety.

Needle fear is associated with decreasing adherence to healthcare, but the genesis of this fear
is unclear.2! Retrospective studies cite a traumatic, directly conditioned needle event at an
average age of 5.5 years;14 more same-day vaccinations or needle attempts increase distress
ratings.22-24 To our knowledge, however, no study has correlated vaccination experiences
with later fear, thus a target intervention to slow the rapid rise of needle phobia is debatable:
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is it the total number, the age at vaccination, parental anxiety, injection pain, or the intensity
of the event?°6

From a theoretical standpoint, the greater fear in those who had more same-day injections
supports the direct conditioning model of fear acquisition, and may relate to the growing
body of literature relating adverse childhood events to future health outcomes. This and the
seeming resilience in children who got one injection multiple times supports exposure
desensitization therapies for needle fear reduction.2>

Although early infant pain experiences matter,82 our data support that preadolescent
vaccination fear is primarily established in the 4-6 year period and is not related to infant
vaccinations. This construct supports current theory that long term memory is established
after 21 months,26 and could explain new research showing optimally treating infant
vaccination pain didn’t alter their pain response as toddlers.2’

Previous research in non-adherent adolescents and adults found pain mitigation reduces fear
and improves adherence for bicillin injections;28 following up previous randomized
immunization pain reduction studies2?-30 could evaluate pain reduction’s impact on
subsequent needle fear. One study found distraction caused children undergoing
venipuncture to perceive the experience as “better than previous” venipuncture procedures.3!
Distraction is inexpensive; following up distraction immunization studies3? could
demonstrate whether using coping skills impact long term needle anxiety.

Since 1983, over 20 potential new vaccinations have been recommended for young children
in developed countries. While parents indicate they consider 3 or more injections on one day
to be excessive,233 almost all patients in our study received this many on one day at some
point in their lives. Altering the vaccination schedule carries with it the inherent risk of
patients not returning for vaccinations, a risk that could outweigh the theoretical later health
benefit of reducing adult needle fear. Our study did not find a decrease in total vaccine
uptake when patients received fewer vaccines spaced out over separate Vvisits.

Previous studies by Racine et al have indicated that parent’s anxiety predicts the reactions to
vaccinations in patients younger than two.3435 Our study revealed that parents’ and
preadolescent children’s anxiety were poorly correlated (r=0.15); while only 12.5% of
parents indicated an anxiety above 50mm, over half (55%) of the children endorsed needle
fear above 50mm. This parental difference could be regional or generational, or simply that
parents of older children are less anxious.

The 12.5% *“anxious parent’ finding indicates it may be possible to quickly screen for
vaccine-reluctant parents. Coupled with a study by Rikert et al reporting a similar 15% of
vaccine-anxious parents,38 this suggests focusing pediatrician vaccination interventions on a
subset of parents identified by a simple VAS may be effective.

The study was underpowered to evaluate whether children’s fear of needlesimpacts uptake
of the HPV vaccine, however parental vaccine anxiety was less related to HPV initiation
than their child’s needle fear. While parents’ attitudes toward vaccines in general is
correlated with greater HPV uptake,3’ previous HPV adherence interventions have targeted
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parents with little impact.38 Interestingly, we did note a trend that patients who took nasal
FluMist® were more likely to get the HPV vaccine that day, whereas those taking injected
flu vaccine did not. The willingness of adolescents to receive multiple injections on one day,
and ability to influence their parents’ intention for vaccination, are areas of future research.

Taddio has shown that needle fear impacts parents’ willingness to vaccinate their children.3
As more vaccines become available, and as parental reluctance to fully vaccinate becomes a
problem, understanding needle fear is of critical public health importance. Our results
support the theory that fear established in childhood persists. Future interventional studies to
reduce needle fear should focus on making the 4-6 year vaccinations less traumatic.
Following up previous immunization pain reductions studies, larger cohort studies to
evaluate the effect of age and number, and intervention trials to relieve the 63% who are now
fearful are all avenues of valuable research. Our study suggests that randomizing patients to
low-needle intensity schedules would not jeopardize vaccine schedule compliance, making a
potential multi-arm trial possible. Until we develop patch, microneedle, or effective
sublingual or intranasal options, we must consider the long term effects of iatrogenic
pediatric needle pain.

We were unable to evaluate whether low-fear subjects in our study had interventions to
reduce preschool injection pain or mitigate the intensity of multiple injections. The lack of a
direct correlation between number of injections and fear demonstrates that fear acquisition
and resilience are multifactorial.

Because of the small sample size, a difference of one child in a fear quartile made a large
difference. For example, if one fewer child receiving 4 injections had high fear, 42% would
have been in the high fear quartile rather than 50%. While still statistically significant, this
illustrates that drawing strong conclusions about pre-teens’ influence on HPV uptake would
be premature. Our cohort was too small and had insufficient variability to test our hypothesis
that 4-year old vaccination resulted in greater preadolescent fear than age 5.

The sample was from a higher socioeconomic status practice. While those with greater
education had a nonsignificant likelihood of children in the lower fear group, these findings
may not apply to the general population.
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Excluded from enrollment (n = 7)
Parent declined (n = 3)
Child declined (n =2)
No English speaker (n=2)

Non-English (German) (n = 1)

Parent not available (n=1)

Excluded from fear quartile analysis (n =

Unimmunized (n=1)
No injections between age 4-6 (n =2)
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Same day vaccine anxiety levels of
parents and children
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Figure 2.
Vaccine anxiety of parents and vaccination fear of children at age 10-12

Parents (blue) and children (red) rated their anxiety on a VAS with the prompt “How anxious
are you about your (your child’s) injections today?” Anchors were “Not at all anxious” and
“Most anxiety possible”. Parent and child anxiety correlated poorly, with the mode pediatric
response being “most anxiety possible” and mode parent response least anxiety possible.
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Parents' vs. Children's Self Report of Anxiety
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Figure 3.

Parent’s assessment of their child’s anxiety compared to child’s report.

Parent and child anxiety was poorly correlated, suggesting that older children’s anxiety is

not linked to parental anxiety at the time of vaccination.
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Figure 4.
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Quartile of needle fear at age 10-12 compared to maximum number of same day injections

at age 4-6 years.

Fear of injections at age 10-12 related to the maximum number of injections children

received on the same day during the preschool vaccination period.
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Figure 5.

Subsequent initiation of HPV Vaccine by high and low quartiles of parent anxiety and child

fear.

Initiation of the HPV vaccine series was more strongly influenced by the child’sfear of
needles than the parent’s anxiety about vaccination.
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Table 1

Continuous and Categorical Demographic Variables by Self-expressed Needle Fear

Page 14

Quartiles of Self Reported Fear by Visual Analog Scale

Low Fear VAS 0-32 (n =
31)

Middle Quartiles VAS 33—
82 (n=62)

High Fear VAS 83-100 (n
=27)

Child Age (Median, (95% CI))

132 (124.2-133.8)

132 (127.58-131.02)

132 (127.1-132.7)

Child Sex (% Male) 51.61% 50% 37.04%
Race and Ethnicity

% White 87.10% 80.65% 81.48%

% Black 0% 9.68% 3.70%

% Asian 3.23% 1.61% 3.70%

% Hispanic or Latino 3.23% 4.84% 3.70%

% More than 1 race 3.23% 6.45% 7.41%
Mother’s Age (Mean; SD) 44.3 (5.06) 44.1 (4.12) 44 (4.23)
Mother’s highest education (Mean; SD) 18 (9.89) 18.88 (12.91) 18.25 (10.87)

Parent Pre-Procedure Anxiety (Median; 95%
Cl)

6 (8.24-23.68)

6 (9.88-20.82)

6 (7.67-24.53)

Accompanying Parent Sex (% Male) 12.90% 9.68% 11.11%
Total number injections since birth 19.47 (4.75) 19.8 (5.11) 19.58 (5.03)
Total number of visits with injections 10.52 (3.02) 10.05 (3.08) 10.36 (3.05)
Negative medical experience per parent 19.35% 19.35% 22.22%
History vasovagal experience 0% 1.61% 0%

Low Fear:

n =9 patients not included in mother’s age, n = 1 patient did not have information for total injections or visits, n = 1 patient did not include

ethnicity, n= 2 patients did not include race

Middle Quartiles:

n =19 patients did not include mother’s age, n = 1 patient did not include mother’s highest education, n = 1 patient did not include race, n =1

patient did not include ethnicity

High Fear:

n = 9 patients not included in mother’s age, n = 1 patient did not include race
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