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A B S T R A C T

Background: Despite continuing vaccine controversies, little is known about the trajectory of change in vaccine
confidence over time. The current study examined whether there are subpopulations among the New Zealand
public with diverging trajectories of confidence in the safety of childhood vaccinations from 2013 to 2017.
Methods: Using longitudinal survey data from the New Zealand Attitudes and Values Study, latent class growth
models identified subpopulations with distinct rates and directions of change in vaccine confidence from 2013 to
2017 (N= 12,423; 11,912; 12,009; 10,254). The demographic profiles of these subpopulations were examined.
Findings: Most New Zealanders’ (60%) maintained strong vaccine confidence throughout the years (i.e. vac-
cine believers), but 30% expressed decreasing confidence over time (i.e. vaccine skeptics). Around 10% were
former skeptics who had low vaccine confidence in 2013 but showed increasing confidence thereafter. Men,
Europeans/Others, those more educated and living in more affluent regions were more likely to be vaccine
believers. Relative to former skeptics, women, older individuals and those with lower education were more
likely to be vaccine skeptics.
Interpretation: Attitudes toward the safety of childhood vaccinations are becoming increasingly polarized in New
Zealand. Roughly 30% of the population are becoming more concerned about vaccine safety over time, 10% are
becoming more confident, whereas 60% show consistent high vaccine confidence. It is vital to further investigate
the key contributors to decreasing confidence among vaccine skeptics and implement target interventions.
Funding: Templeton Religion Trust Grant (TRT0196) for data collection; Corresponding author supported by
University of Auckland Doctoral Scholarship.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.
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Childhood vaccinations are a crucial public health intervention
that protects people against harmful infections [1,2]. However, vac-
cine hesitancy has been highlighted as a major threat to global health
by the World Health Organization in 2019 [3]. The refusal or delay in
vaccinations can be linked to a diverse range of factors, including lim-
ited healthcare access, distrust in health professionals, complacency
and vaccine safety concerns [4,5]. Standard vaccinations undergo rig-
orous safety testing before approval and are constantly monitored
thereafter [1]. Nonetheless, with the recent increase in anti-vaccina-
tion movements and dissemination of anti-vaccine information, pub-
lic concern about vaccine safety seem to be on the rise [4,[41]. Many
express concerns that vaccines contain harmful substances and may
cause various illnesses [1,4]. Specific fears about the Mumps, Measles
and Rubella (MMR) vaccine can be traced back to Wakefield’s (1998)
fraudulent study on the link between MMR and autism [4]. Despite
the retraction of this study and multiple epidemiological studies dis-
proving its proposed association, MMR-autism myths continue to
circulate and cause fear among parents [1,4,7]. Such doubts about
vaccine safety challenge vaccination uptake and have contributed to
the resurgence of measles outbreaks in multiple countries [4], includ-
ing New Zealand [8].

In New Zealand, the National Immunisation Schedule offers a
series of free standard vaccinations for New Zealanders from six
weeks to 65 years of age (see Appendix for full Immunisation Sched-
ule) [1]. To achieve herd immunity and prevent disease transmission,
it is important to ensure that 92-94% of the population have been
immunised [1]. Yet, during the 12-month period ending 31st Decem-
ber 2019, children who were fully immunised for their age at the six
milestone ages (6, 8, 12, 18, and 24 months, and 5 years) were 79%,
90%, 92%, 84%, 91% and 88% respectively [9]. The proportion of fully
immunised children was particularly low among Maori; the indige-
nous peoples of New Zealand (63.3% to 87.8%), and children living in
highly deprived areas (69.6% to 89.7%). At each of the milestone ages,
4.3 to 5.4% of parents declined any one vaccination during the year
2019 [9]. Although reasons for declines are complex and cannot be
explained by a single factor, they are often linked to concern about
vaccine safety [4,10].
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Research in Context

Evidence before this study

Google scholar was used as the main search database. Peer-
reviewed papers published between 2010 and 2019 were pri-
marily searched for but some papers published at an earlier
date were derived from reference lists. Key search terms
included: vaccine confidence; vaccine hesitancy; childhood
immunisations; New Zealand; vaccine safety concerns; paren-
tal vaccine attitudes; vaccine hesitant parents. We examined
comprehensive review papers on vaccination attitudes, and
studies on contributors to immunisation uptake, timeliness or
vaccination attitudes conducted both within and outside of
New Zealand. Referenced papers were chosen based on rele-
vance of content, study method, sample characteristics and
implication of findings. Resources published or commissioned
by the New Zealand Ministry of Health and World Health Orga-
nization (surveys, immunisation handbook, vaccination cover-
age data) were also reviewed and referenced.

Added value of this study

Previous studies have not yet examined the trajectory of
change in New Zealanders’ perceptions of childhood vaccine
safety over time. The present study addresses this gap in
research by using a large longitudinal sample of New Zealand
adults to identify distinct subpopulations with diverging trajec-
tories of vaccine confidence from 2013 to 2017. The demo-
graphic profiles of these distinct subpopulations are also
examined.

Implications of all the available evidence

Although the majority of New Zealanders consistently exhibit
strong vaccine confidence, a considerable proportion continue
to show decreasing confidence over time. It is imperative to
develop tailored interventions for groups at higher risk of low
vaccine confidence. This includes improving healthcare access
for low socio-economic groups, and implementing educational
campaigns on vaccine safety and interpreting vaccine informa-
tion for those with low education. Health professionals also
need to be sufficiently trained to effectively address vaccine
safety concerns among diverse groups.
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Among parents who delayed or missed immunisations, concerns
about the risk or side effects of vaccinations are frequently cited as
one of the main reasons for incomplete immunisations [10,11]. Some
parents hold misconceptions that vaccines can cause illnesses such as
autism or cot death [1], while others undermine vaccine necessity or
desire more vaccine information [10,11]. As for the general popula-
tion, the 2013 New Zealand Attitudes and Values Study (NZAVS)
found that 68¢5% of New Zealanders expressed strong confidence in
the safety of the New Zealand childhood immunisation schedule but
26% showed moderate and 5¢5% showed low confidence [12]. Maori
individuals, women, parents, those less educated and living in more
deprived areas reported decreased levels of vaccine confidence [12].
Among Maori and those with high deprivation, increased healthcare
barriers and negative experiences with health professionals [13,14]
may be contributing to their low vaccine confidence. Given that belief
in vaccine safety is an important determinant of vaccination uptake
[15,16], it is essential to track changes in and constantly monitor pub-
lic vaccine confidence. However, due to the scarcity of large-scale
panel data, little is currently known about the trajectory of change in
New Zealanders’ vaccine confidence over time.

The present study addresses this gap in research by assessing New
Zealanders’ confidence in the safety of standard childhood
vaccinations during a period of heightened anti-vaccine controver-
sies. With increased accessibility to anti-vaccine information online
[4], vaccine confidence among those who previously held vaccine
safety concerns may have further decreased throughout the years. As
the New Zealand public tends to express varying levels of confidence
in vaccine safety [12], this raises the potential that there may be mul-
tiple subpopulations showing differing rates and directions of change
in vaccine confidence over time. Using survey data across four waves
of the NZAVS (2013 and 2015-17), we examine whether the New
Zealand public collectively exhibits decreasing or steady vaccine con-
fidence over time, or whether there are distinct subpopulations with
diverging trajectories of confidence. In the occasion that multiple
subpopulations are identified, we aim to assess key demographic dif-
ferences between these distinct groups. Our findings provide novel
insight into the trajectory of New Zealanders’ confidence in the safety
of childhood vaccinations over time and help dictate interventions
that aim to improve public vaccine confidence.

1. Method

1.1. Sampling procedure

The NZAVS is a longitudinal survey study of a national probability
sample of New Zealand adults (See Appendix for response and reten-
tion rates). This study is reviewed by the University of Auckland
Human Participants Ethics Committee every three years and has
most recently been approved from 5-September-2017 until 3-June-
2021 (Reference Number: 014889). In Time 1 (2009), the NZAVS
recruited participants from the entire country by randomly selecting
samples from the New Zealand electoral roll (response rate: 16¢6%;
see Sibley et al. 2019 for details on sampling procedure) [17]. A
booster sample was later recruited at Time 3 (2011) through an unre-
lated survey posted on the website of a major New Zealand newspa-
per. Further booster samples were recruited from the 2012 and 2014
Electoral Roll in subsequent Time periods (See Sibley et al. 2014 for
comparisons to New Zealand Census) [18]. The current study uses
Time 5 (2013), Time 7 (2015), Time 8 (2016) and Time 9 (2017) data,
which included the item on vaccine confidence. Time 6 (2014) data
was excluded as the Time 6 survey did not include this item.

1.2. Participants

Each sample included a large probability sample of New Zealand
adults; Time 5 (Total N = 18,261), Time 7 (Total N = 13,942), Time 8
(Total N = 21,937) and Time 9 (Total N = 17,072). Number of participants
included in the final analysis are reported in the results section. Partici-
pants in each time point had a mean age of around 50 years (age range:
18�94, 19�96, 18�97, 18�98 respectively) and median household
income of $90,000 (median household income was $63,800 in the 2013
New Zealand Census). Sixty three percent of each sample was female,
with around 81% identifying as European, 12% as Maori, 3% as of Pacific
and 4% as of Asian ethnicity (ethnic categories were not mutually exclu-
sive). Roughly 77% of participants from each time point were employed,
and 74% were parents.

1.3. Measures

1.3.1. Vaccination items
At all four time points, vaccine confidence was assessed using the

likert item (1 = Strongly Disagree, 7 = Strongly Agree; only 1 and 7
were labelled); “It is safe to vaccinate children following the standard
NZ immunisation schedule.” This item was developed for the NZAVS
in consultation with medical professionals [12]. Vaccination status of
participants’ children was measured using the item; “If you have chil-
dren under 18, are their vaccinations up-to-date, as per the recom-
mendations of your doctor/GP?” There were four response options;



Table 1
Model indices and class proportions for solutions ranging from one to six classes.

No. of
Classes

BIC aBIC ADCAIC Entropy Class proportions
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(1) Yes-fully, (2) No-partially, (3) No-none, (4) Don’t know. This item
was developed for the NZAVS and included in the Time 7, 8 and 9 sur-
vey. We only report vaccination status data from Time 9 as vaccine
confidence is the focus of our study.
1 138955 138927 138895 ��� 1¢00
2 133194 133159 133120 0¢57 0¢57, 0¢43
3 131001 130954 130901 0¢73 0¢60, 0¢30, 0¢10
4 129185 129124 129057 0¢77 0¢60, 0¢26, 0¢07, 0¢06
5 128266 128192 128111 0¢80 0¢60, 0¢22, 0¢11, 0¢06, 0¢01
6 127374 127289 127193 0¢80 0¢56, 0¢19, 0¢10, 0¢10, 0¢03, 0¢01
1.3.2. Demographics
Participants were asked to report their gender, date of birth, eth-

nicity, region of residence and education level. Ethnicity was mea-
sured using the standard New Zealand Census item, in which
participants could indicate each ethnic group they identified with.
Education was coded into an eleven-level ordinal variable (0 = No
qualification, 1=level 1 Certificate [basic knowledge/skills for work]
to 10 = doctoral degree) based on the ten tertiary qualification levels
in New Zealand. Deprivation was measured using the 2013 New Zea-
land Deprivation Index, which uses census information to assign a
decile-rank index from 1 (least deprived) to 10 (most deprived) to
each meshblock unit (i.e. small geographical area) [19].
1.4. Analytic overview

Latent class growth models were conducted on Mplus version 8 to
identify distinct latent classes (i.e. subpopulations) with similar tra-
jectories of change in vaccine confidence over time. As some partici-
pants opted out while others opted in at different time points, we
were unable to follow the same group of individuals throughout
2013 to 2017. Thus, we used a linked model that allowed for missing
data and identified links between respondent’s responses over the
four survey years. Those who were constant responders contributed
more to the model. This was the most appropriate method of analysis
given the algorithm of the model and provides novel insight into lon-
gitudinal changes in vaccine confidence at a population level.

Guided by Asparouhov and Muthen’s three-step approach to mix-
ture modelling [20], we identified (1) the number of subpopulations
based on the growth curve of vaccine confidence, (2) then partici-
pants were assigned to the subpopulation they most likely belonged
to and (3) the demographic covariates characterizing the subpopula-
tions were examined. Gender, age, ethnicity (European/Other as ref-
erence category), education and deprivation level were included as
covariates. Participants’ reported education and deprivation level at
Time 5 was prioritized and if missing, was overridden by that
reported in Time 7, 8, and 9 consecutively (prioritizing Time 9 made
trivial difference).

Osborne and Sibley [21] note several model criteria including the
Akaike information criteria (AIC), Bayesian Information Criteria (BIC),
sample-sized adjusted BIC (aBIC), entropy and class proportion. These
criteria assess the suitability of a model with k profiles relative to k-1
profiles. Good fitting models have lower AIC, BIC and aBIC values, and
higher entropy and likelihood of correct class membership [21]. An
entropy of 0¢8 or above is generally regarded as a good fitting model.
According to Kim [22] and Tofighi and Enders [23], aBIC is the most
recommended fit criteria for growth mixture models. The sample-
size adjusted consistent AIC (ADCAIC) also performed quite well [22].
BIC, aBIC, ADCAIC and entropy values were used to determine our
best fitting model. As a good model should be parsimonious (i.e. con-
tain fewer classes as possible) and avoid extremely small class pro-
portions, model parsimony and class proportions were also taken
into account.
1.5. STROBE Checklist

This manuscript adheres to the STROBE checklist where applicable.
2. Results

2.1. Main Analyses

A total of 12,826 participants were included in our final analysis.
The number of responses included from Time 5, 7, 8 and 9 were
12,423, 11,912, 12,009 and 10,254, respectively. We assessed the
growth curve of vaccine confidence using one to six latent class solu-
tions. Each model was estimated using 500 initial stage starts, 40 ini-
tial stage iterations and 80 final stage optimizations to ensure we
obtained a global solution. As seen in Table 1, model fit indices sub-
stantially improved after adding a second latent class to the single
class model. The BIC, aBIC and ADCAIC showed a sharp decrease but
the entropy value was still slightly low (0¢57). Adding a third class
further improved model fit, with the aBIC and ADCAIC decreasing by
2205 and 2220, respectively. The entropy value increased to 0¢73,
indicating a reasonably good model fit.

Due to the complexity of the model (i.e. latent class model with
random effect on intercepts but not slopes), the model criteria contin-
ued to improve the more classes we added. However, considering
model parsimony and class proportions, having more classes does not
necessarily indicate a better model. In the four-class model, the fourth
group was created by simply splitting the existing classes a little more
and the class proportion of two groups were fairly small (6% and 7%;
See Supplementary Material). The fifth and sixth-class model also
extracted extremely small classes, with one class representing only 1%
of the sample. Caution needs to be applied when interpreting such
small classes as they are based on a minor proportion of the sample.
Overall, the three-class model had a reasonably good model fit and rel-
atively large class sizes. The three-class model was judged to be the
most parsimonious model and thus chosen as our final model.

2.2. Subpopulations

Three subpopulations with distinct rates and directions of change
in vaccine confidence were identified. These groups were labelled
‘vaccine (safety) believers’, ‘vaccine (safety) skeptics’ and ‘former
(safety) skeptics.’ The term ‘safety’ has been omitted from group labels
hereafter for simplicity. Table 2 clarifies the definitions of key terms
and groups labels used in this study. Table 3 reports the intercept
(indicating group level of vaccine confidence in 2013) and slope
(indicating the trend in confidence over time) for each group.

2.2.1. Vaccine believers
The largest subpopulation (N = 7784, 60¢7% of sample) was charac-

terised by a high intercept (unstandardized mean intercept=6¢52,
p < 0¢001) and small positive slope (unstandardized mean slope=0¢02,
p < 0¢001). This subpopulation represents ‘vaccine believers’ who
exhibited consistently high and subtly increasing belief in vaccine
safety over time.

2.2.2. Vaccine skeptics
The second subpopulation contained 29¢6% of the sample

(N = 3792) and was characterised by a moderate intercept



Table 2
Definition of key terms and group labels as per used in this study.

Key term Definition

Vaccine confidence Level of trust in the safety of childhood vaccinations measured by one’s level of agreement to the statement that it is safe to vaccinate children fol-
lowing the NZ immunisation schedule. Having ‘strong vaccine confidence’ indicates that one has a high level of trust in and very minimal or no
concerns about childhood vaccine safety.

Vaccine believers Those that consistently expressed high levels of agreement to the statement that it is safe to vaccinate children following the NZ immunisation
schedule during 2013 to 2017. Reasons for their ‘strong vaccine confidence’may be diverse. This may include general trust in science or vaccina-
tions specifically, better access to healthcare and/or positive perceptions of healthcare professionals or the government.

Vaccine skeptics Those that showed decreasing levels of agreement to the statement that it is safe to vaccinate children following the NZ immunisation schedule from
2013 to 2017. Opposed to ‘vaccine believers’, reasons for decreasing ‘vaccine confidence’may include increased exposure to anti-vaccine informa-
tion, distrust in health professionals and/or limited access to healthcare or vaccine information. These individuals may be expressing diminishing
belief in the safety of specific vaccines or vaccinations in general.

Former skeptics Those that formerly showed the lowest level of agreement to the statement that it is safe to vaccinate children following the NZ immunisation sched-
ule in 2013 but exhibited a steep increase in ‘vaccine confidence’ thereafter (until 2017). This increase could be due to multiple factors, including
satisfactory follow-up vaccine conversations with doctors, corrected misconceptions about specific vaccines or vaccinations in general and/or
improved access to healthcare.

Table 3
Model results for three latent class (subpopulation) solution.

Latent class Proportion Mean
estimate

SE t-value P-value

1. Vaccine
believers

.607 Intercept 6.516 0.017 394.273 <.000

Slope 0.022 0.003 7.313 <.000
2. Vaccine

skeptics
.295 Intercept 4.835 0.038 128.285 <.000

Slope -0.137 0.015 -9.223 <.000
3, Former

skeptics
.097 Intercept 3.472 .074 47.112 <.000

Slope .601 .030 19.854 <.000
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(unstandardized mean intercept=4¢84, p < 0¢001) and negative slope
(unstandardized mean slope = -0¢14, p < 0¢001). This subpopulation
represents ‘vaccine skeptics’ who are becoming increasingly con-
cerned about vaccine safety over time.
2.2.3. Former skeptics
The third subpopulation (N = 1249, 9¢7% of sample) was character-

ised by a low intercept (unstandardized mean intercept=3¢43,
p < 0¢001) and steep positive slope (unstandardized mean slope = 60,
p < 0¢001). This subpopulation represents ‘former skeptics’ who ini-
tially had low vaccine confidence in 2013 (3¢47) but are becoming
increasingly confident over time. By 2017, their confidence rating
reached 5¢88.
Figure 1. Differences in trajectories of vaccine confide
2.3. Differences between subpopulations

Vaccine believers persistently showed the highest level of vaccine
confidence (see Figure 1). Former skeptics showed the steepest slope,
with a particularly sharp increase in confidence between 2013 and
2015. Vaccine skeptics exhibited higher confidence than former skep-
tics in 2013, but their positions reversed across the years. In 2015,
these two groups showed similar levels of confidence but in 2017,
former skeptics showed notably higher confidence than vaccine skep-
tics (5¢88 vs 4¢29). With increasing confidence among former skeptics
and decreasing confidence among vaccine skeptics, our findings indi-
cate that vaccination attitudes are becoming increasingly polarized in
New Zealand.
2.4. Demographic profiles of subpopulations

To identify key demographic differences between subpopulations,
gender (reference category: women), age, ethnicity (reference cate-
gory: European/Other), education (0=no qualification to 10= doctoral
degree) and deprivation (1=lowest to 10=highest deprivation) level
were included as auxiliary covariates to predict subpopulation mem-
bership. Each subpopulation was consecutively treated as the refer-
ence category and compared to the other two subpopulations. Tables
in the Appendix present the 95% confidence intervals of odds ratios
and the demographic breakdown of subpopulations based on most
likely group membership (Note: caution needs to be taken when
interpreting demographic breakdown as our analyses were based on
probability of classification).
nce between subpopulations from 2013 to 2017.
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2.4.1. Vaccine believers
Compared to vaccine believers, former skeptics were more likely to

be female relative to male (OR = 0¢83), of Maori (OR = 1¢70) or Pacific
(OR = 1¢97) compared to European ethnicity, live in more deprived as
opposed to affluent regions (OR=1¢05) and have lower education
(OR=0¢93). Similarly, vaccine skeptics were more likely to be women
(OR = 0¢66), of Maori (OR = 1¢99), Pacific (OR = 1¢58) or Asian
(OR = 1¢41) ethnicity, live in more deprived regions (OR = 1¢06) and
have lower education (OR = 0¢89).

2.4.2. Vaccine skeptics
Compared to vaccine skeptics, former skeptics were more likely to

be male relative to female (OR = 1¢25), younger (OR = 0¢99; age range:
18�94) and have higher education (OR = 1¢05). Vaccine believerswere
less likely to be of Maori (OR = 0¢50), Pacific (OR = 0¢63) or Asian
(OR = 0¢71) compared to European ethnicity, and more likely to be
men (OR = 1¢51), live in more affluent regions (OR = 0¢95) and have
higher education (OR = 1¢13).

2.4.3. Former skeptics
Compared to former skeptics, vaccine skeptics were more likely to

be female relative to male (OR = 0¢80), older (OR = 1¢01) and have
lower education (OR = 0¢96). Vaccine believers were less likely to be of
Maori (OR = 0¢59) or Pacific (OR = 0¢51) compared to European eth-
nicity, and more likely to live in more affluent regions (OR = 0¢95)
and have higher education (OR = 1¢08).

2.5. Vaccination status in Time 9

We only report data on vaccination status from Time 9 (most
recent Time point) to reduce the density of our results and maintain
our focus on vaccine confidence. As shown in Table 4, most partici-
pants reported that their children were ‘fully vaccinated’ (87¢6%), fol-
lowed by ‘partially vaccinated’ (6¢1%) and ‘unvaccinated’ (2¢9%).
Asian peoples reported the highest percentage of fully vaccinated
children (92¢2%), whereas Pacific (6¢9%) and Europeans (6¢9%)
Table 4
Response to item; “If you have children under 18, are their vac
doctor/GP?” across ethnic groups in Time 9.

European (N = 3232) Maori (N = 705)

% N % N

Yes-Fully 87¢3 2823 85¢5 603
No-partially 6¢9 222 5¢8 41
No-none 2¢9 94 4¢0 28
Don’t know 1¢2 37 2¢0 14
Unreported 1¢8 57 2¢7 19

Note: Ethnic groups determined based on prioritized ethnic
weighting on gender, ethnicity and region of residence applie
due to their low response rate.

Table 5
Response to item; “If you have children under 18, are their vaccinations up-to-date, as per

No qualification to Level 2 Cert (N = 712) Level 3 to 5 Cert (N = 1185)

% N % N

Yes-Fully 83¢1 591 87¢1 1032
No-partially 6¢4 46 6¢3 75
No-none 3¢5 25 3¢3 39
Don’t know 2¢9 20 1¢3 15
Unreported 4¢1 29 1¢9 23

Note: Education was coded based on the ten tertiary qualification levels in New Zealand
edge/skills for field of work).
Group categorization: ‘No qualification to Level 2 Cert’ (No qualification, Level 1 and 2 Cer
degree’ (Level 6 diploma/Certificate to Bachelor degree), ‘Post-graduate degree’ (Postgradu
ethnicity and region of residence applied.
reported the highest percentage of partially and Maori reported the
highest percentage of unvaccinated children (4¢0%).

Among those with ‘no qualification to Level 2 certificate’, 83.1%
were fully vaccinated (see Table 5). This increased to 87.1%, 88.7%,
and 89.3% for each higher education category respectively. The pro-
portion of unvaccinated children slightly decreased as education level
increased (3¢5%, 3¢3%, 2¢7%, and 2¢3% respectively). The rate of par-
tially vaccinated children was similar across all education groups
(5¢9-6¢4%). Compared to those with higher education, those with ‘no
qualification to Level 2 certificate’ (2.9%) reported a higher rate of
‘don’t know’ (1¢3%, 0¢5%, 0¢6%, respectively).
3. Discussion

Our results indicate that confidence in the safety of childhood vac-
cinations are becoming increasingly polarized in New Zealand.
Around 30% of the population show decreasing confidence over time
(i.e. vaccine skeptics), 10% are becoming more confident (i.e. former
skeptics) and the remaining 60% show consistent high vaccine confi-
dence (i.e. vaccine believers). A wide range of factors are likely con-
tributing to the maintenance of strong vaccine confidence among
vaccine believers. Based on previous studies [24�26], vaccine believers
may be those who have satisfactory access to vaccine information
and strong trust in health professionals. Similar to Australian mothers
with strong confidence [24], vaccine believers in New Zealand may
also have better knowledge regarding the risk of vaccine-preventable
diseases as well as the benefits and social responsibility associated
with vaccinating. Oppositely, vaccine skeptics may represent those
who lack access to adequate healthcare, have inaccurate or insuffi-
cient vaccine knowledge or negative perceptions of health professio-
nals [24,25,27]. Due to limited access to trusted sources of vaccine
information, their doubts about vaccine safety may not have been
sufficiently addressed by health professionals and further exacer-
bated by exposure to anti-vaccine sentiments.

As health professionals have important influence on one’s vacci-
nation attitudes and uptake [4,24,27,28], they may have had a pivotal
cinations up-to-date, as per the recommendations of your

Pacific (N = 274) Asian (N = 599) Total (N = 4909)

% N % N % N

86¢9 239 92¢2 552 87¢6 4302
6¢9 19 2¢4 15 6¢1 299
0¢9 3 1¢8 10 2¢9 142
0 0 0¢5 3 1¢1 55
5¢2 14 3¢2 19 2¢3 111

ity (in order: Maori, Pacific, Asian, European). Sample
d. Note the small cell sizes for Pacific and Asian peoples

the recommendations of your doctor/GP?” across education level groups in Time 9.

Graduate cert/Bachelor degree (N = 1690) Post-graduate degree (N = 1239)

% N % N

88¢7 1500 89¢3 1107
5¢9 100 6¢1 75
2¢7 46 2¢3 29
0¢5 8 0¢6 7
2¢2 37 1¢7 21

(e.g. Level 1 Cert: basic knowledge/skills for work, Level 2 Cert: introductory knowl-

tificate), ‘Level 3 to 5 Cert’ (Level 3 to 5 diploma/Certificate), ‘Graduate Cert/Bachelor
ate diploma/Honours, Masters and Doctorate degree). Sample weighting on gender,
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role in persuading and providing reassurance for former skeptics.
Given their initially low confidence, parents who were former skeptics
are more likely to have previously delayed or declined vaccinations.
Among American parents who had previously declined the HPV vac-
cine, receiving higher quality recommendations from healthcare pro-
viders and greater satisfaction with provider communication were
associated with greater secondary vaccine acceptance [15]. Likewise,
satisfactory follow-up vaccine conversations with doctors may have
led former skeptics in New Zealand to reconsider and gradually
change their views of vaccine safety. The 2014 measles outbreak [8]
may have been a key event that encouraged these individuals to seek
further vaccine information and consult health professionals. In con-
trast, vaccine skeptics may have limited knowledge about the risk of
measles and lack the opportunities or capability to reassess their vac-
cine beliefs. Such discrepancies can be linked back to potential differ-
ences in healthcare access and trust in health professionals between
subpopulations.

Disparities in healthcare access, perceptions of health professio-
nals or vaccine knowledge are closely tied to one’s demographic
characteristics. Thus, examining demographic differences between
the three subpopulations not only allowed us to identify those more
likely to be vaccine skeptics but provided important insight into the
reasons why certain groups may be exhibiting strong or decreasing
vaccine confidence. Our results revealed similar differences between
vaccine believers and those who were either vaccine skeptics or former
skeptics. Men, those of European/Other ethnicity, with lower depriva-
tion and higher education were more likely to be vaccine believers.
Conversely, women, Maori and Pacific peoples, those living in more
deprived regions and with lower education were more likely to have
previously held or continue to show increasing vaccine safety con-
cerns. Relative to vaccine believers, Asian peoples were more likely to
be vaccine skeptics but not any more likely to be former skeptics than
European/Others.

For those of Maori or Pacific ethnicity and from highly deprived
regions, low healthcare access may be a key contributing factor to
their higher likelihood of being a vaccine skeptic or former skeptic.
These groups typically experience greater financial or transport
related barriers to healthcare and difficulty communicating with
health providers due to language or cultural differences [13,29�31].
They are thus less likely to have sufficient access to vaccine informa-
tion, feel well-informed or have high-quality vaccine conversations
with doctors. Among these groups, those who were able to have their
initial vaccine concerns addressed by culturally competent health
professionals may be showing increasing confidence, while those
who lacked this opportunity or do not trust their health professional
persistently express growing concern. As for Asian peoples, contrary
to their high vaccination rates [9], they were more likely to be vaccine
skeptics than vaccine believers. Perhaps Asian parents in New Zealand
are more likely to be hesitant compliers—concerned but fully-vacci-
nating parents. Due to cultural or language barriers, Asian parents
may find it difficult to communicate and/or health professionals may
be unable to sufficiently address their vaccine concerns. Therefore, in
addition to improving healthcare access for minority and low socio-
economic groups, it is vital ensure that doctors acquire strong cul-
tural competency and attend to the unique healthcare barriers of
those with diverse backgrounds.

Interestingly, there were no significant differences in ethnicity or
deprivation level between vaccine skeptics and former skeptics. Gen-
der, age and education were key distinguishing factors between these
two subpopulations. Compared to vaccine skeptics, former skeptics
were more likely to be male, younger and have higher education.
Women and those less educated were not only less likely to be vac-
cine believers, but more likely to exhibit decreasing as opposed to
increasing confidence in vaccine safety over time. Age was only sig-
nificant when comparing vaccine skeptics and former skeptics. Relative
to older adults, younger adults with immunisation-age children may
encounter more opportunities to re-evaluate their vaccine beliefs
and strengthen their vaccine confidence. For instance, parents with
young children may exhibit heightened fear for their child’s health
during measles outbreaks, leading them to seek further vaccine infor-
mation from trusted sources of vaccine information. Health professio-
nals may also exert particular effort to convince and promote
vaccinations to younger parents as opposed to older adults. With
their misconceptions less likely to be corrected by health professio-
nals, older adults may exhibit growing distrust in vaccine safety
amidst persistent vaccine controversies.

Many pregnant women and parents receive or seek information
about childhood vaccinations through various sources such as health
professionals, family and the internet [28,32,33]. With the abundance
of anti-vaccine information online and on social media [4], this
increases the chances they are exposed to anti-vaccine sentiments.
As women typically make all decisions regarding their child’s vacci-
nation [11], they are more inclined to do additional vaccine research
and feel anxious about making the right decision for their child. Con-
sistent with findings from an American sample [28], perhaps New
Zealand women are also more likely to trust non-professional sources
of vaccine information than men. Given that health professionals are
important sources of vaccine information that influence vaccination
attitudes [10,26,27], they may have had a central role in alleviating
safety concerns among women who are former skeptics. On the con-
trary, women who remain skeptical may be those that are swayed by
anti-vaccine information and unsatisfied with their providers’ ability
to address their concerns. To effectively convince these women,
health professionals need to go beyond simply providing pro-vaccine
information [32,34]. They need to take the time to understand the
specific concerns and sources of misinformation among skeptical
women, and use easily-understood language to communicate evi-
dence-based data to correct any misconceptions they hold [34].

Our findings suggest that low education is an important contribu-
tor to decreasing confidence among vaccine skeptics. Despite some-
what mixed findings [6], numerous studies suggest that low education
is associated with poor vaccine knowledge, decreased access to vac-
cine information and lower trust in health professionals [25,35,36].
Due to their reduced cognitive capability and increased feeling of pow-
erlessness, people with low education are also more receptive to con-
spiracy theories [37]. Hence, vaccine skeptics, who tend to have lower
education, may be more likely to endorse anti-vaccine conspiracy the-
ories but lack access to trusted sources of vaccine information that can
correct their misconceptions. On the other hand, higher education
may be a key factor helpingmaintain strong vaccine confidence among
vaccine believers. Through better education, these individuals may pos-
sess the cognitive ability to accurately interpret vaccination informa-
tion and differentiate between false and evidence-based studies on
vaccinations. Those more educated may also be better able to under-
stand and communicate with their doctor, and thus more likely to
trust in health professionals and the safety of vaccinations they recom-
mended. Parents with higher education were found more likely to
have fully vaccinated children (see Table 4), further highlighting that
parental education is a crucial contributor to both vaccine confidence
and uptake among New Zealanders.

In contrast to studies that assess vaccination attitudes at one given
(static) point in time, our analyses provide novel information fore-
casting how New Zealanders’ perceptions of vaccine safety are chang-
ing over time, and how they are forecast to continue to change in the
near future. Although the majority of New Zealanders consistently
exhibit strong vaccine confidence, a considerable proportion show
steadily decreasing confidence over time. Unless appropriate inter-
ventions are implemented in a timely manner, vaccine confidence
among vaccine skeptics are likely to continue to decrease and lead to
declines in vaccination uptake. It is imperative to develop tailored
interventions for groups at higher risk of low vaccine confidence.
This includes improving healthcare access for low socio-economic
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groups, and implementing educational campaigns on vaccine safety
and interpreting vaccine information for those with low education.
Moreover, health professionals need to be sufficiently trained to
develop trusting relationships with and adequately address vaccine
concerns among diverse groups, especially young mothers and ethnic
minorities. To better identify specific strategies to effectively per-
suade vaccine skeptics, it is vital to further investigate the key facilita-
tors of attitude change among former skeptics.

As there were limitations in the number and types of predictors
we could include in our model, we were unable to assess how various
other NZAVS items (e.g. satisfaction with healthcare access or family
doctor, subjective health, personality traits) may influence subpopu-
lation membership. We were also unable to assess non-linear trends
or potential fluctuations in vaccine confidence among different sub-
populations. Our study used a single 7-point likert item asking about
safety perceptions of the New Zealand immunisation schedule to
measure vaccine confidence. Although this item lends insight into
general perceptions of childhood vaccine safety among the public, it
could not accurately discern New Zealanders’ specific vaccine con-
cerns or the main contributors to the differential trends of the three
subpopulations. Future studies should employ more comprehensive
measures of vaccine confidence that tap into people’s beliefs about
vaccine harm and benefits, and trust in healthcare professionals or
the government (see scale used by Gilkey et al.) [16]. The influence of
disparate access to healthcare and vaccine information, and suscepti-
bility to anti-vaccine conspiracy theories should also be investigated.
Subsequent studies should use risk ratios for more readily interpret-
able results and examine the clinical significance of demographic dif-
ferences in vaccine confidence.

The present study did not examine the number of participants
who had immunisation-age children nor potential differences in vac-
cination confidence between parents with different age groups of
children. There may have been important differences in the way with
those with young (<5 years) or school-aged children interpreted the
vaccination item and viewed the safety of specific vaccinations (e.g.
MMR or Human papillomavirus vaccine). Nevertheless, the aim of
this study was to assess population level changes in general percep-
tions of vaccine safety in New Zealand and our findings still provide a
valuable framework for future research on the key determinants of
New Zealanders’ vaccine confidence. Examining the relationship
between vaccine confidence and actual vaccination uptake is another
important direction for future research. As the Time 7 to 9 NZAVS
surveys ask about child vaccination status, our data will enable us to
investigate the degree to which vaccine confidence and characteris-
tics associated with the three subpopulations may influence vaccina-
tion uptake across time.

Survey response rates have been declining over the years. Tele-
phone survey response rates at the Pew Research Centre have
decreased from 36% to 15% between 1997 to 2009, and stabilized at
9% in 2012 [38]. Similarly, the NZAVS obtained a relatively low initial
response rate of 16.6% in 2009 and the average response rate for
booster samples remains at 9% (excluding Time 3 booster; See
Appendix). As participants opted in and out of our study throughout
the years, we were unable to follow the same group of individuals
consistently over time. However, collecting booster samples helped
us increase the national representativeness of our sample and main-
tain a large sample. Given that certain groups are more likely to
respond to our surveys [39], booster samples purposely oversampled
specific areas (e.g. areas with high deprivation, greater ethnically
diversity) to compensate for this [17]. After applying sample weight-
ing on gender, ethnicity and region, the NZAVS was able to accurately
track changes in New Zealanders’ political attitudes over time [40].
Although this weighting procedure could not be used in our main
analysis, our sample is still a reasonable reflection of the New Zealand
adult population and provides scarce longitudinal data on population
level changes in vaccine confidence.

In summary, our findings indicate that 30% of the New Zealand
population are becoming more concerned about vaccine safety over
time, 10% are becoming more confident, while the remaining 60%
show consistent high vaccine confidence. Men, those of European/
Other ethnicity, those living in more affluent regions and more edu-
cated were more likely to be vaccine believers. Compared to former
skeptics, women, older individuals and those with lower education
were more likely to be vaccine skeptics. Better healthcare access,
stronger trust in health professionals and higher education may be
key factors that help maintain high vaccine confidence among vaccine
believers. Health professionals are likely to have had a pivotal role in
alleviating vaccine safety concerns and boosting confidence among
former skeptics. In contrast, vaccine skeptics may be those who lack
access to trusted sources of vaccine information and are more suscep-
tible to anti-vaccine theories. It is essential to further investigate the
specific concerns and reasons for declining confidence among vaccine
skeptics and implement target interventions accordingly.
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Appendix

Tables A1, A2, A3, A4, A5.
Table A1
New Zealand Immunisation Schedule (applied from 1 July 2019). Retrieved fromMinistry of Health Website [9].

Age Diseases covered and vaccines

Pregnant women Influenza
1 Injection annually, at any stage of pregnancy
Tetanus/Diphtheria/Pertussis (whooping cough)
1 injection, during the second or third trimester of pregnancy

6 weeks Rotavirus (start first dose before 15 weeks)
1 oral vaccine
Diphtheria/Tetanus/Pertussis/Polio/Hepatitis B/Haemophilus influenzae type b
1 injection
Pneumococcal
1 injection

3 months Rotavirus (second dose must be given before 25 weeks)
1 oral vaccine
Diphtheria/Tetanus/Pertussis/Polio/Hepatitis B/Haemophilus influenzae type b
1 injection
Pneumococcal
1 injection

5 months Diphtheria/Tetanus/Pertussis/Polio/Hepatitis B/Haemophilus influenzae type b
1 injection
Pneumococcal
1 injection

15 months Haemophilus influenzae type b
1 injection
Measles/Mumps/Rubella
1 injection
Pneumococcal
1 injection
Varicella (Chickenpox)
1 injection

4 years Diphtheria/Tetanus/Pertussis/Polio
1 injection
Measles/Mumps/Rubella
1 injection

11 or 12 years Tetanus/Diphtheria/Pertussis
1 injection
Human Papillomavirus (HPV)
2 injections given at least 6 months apart for those aged 14 and under
3 injections given over 6 months for those aged 15 and older

45 years Diphtheria/Tetanus
1 injection

65 years Diphtheria/Tetanus
1 injection
Zoster (shingles)
1 injection
Influenza
1 Injection annually

Table A2
Sample sizes, retention rates and response rates at each Time point of the New Zealand Attitudes and Values Study.

Time 1
(2009)

Time 2
(2010)

Time 3
(2011)

Time 3.5
(2012)

Time 4
(2012)

Time 5
(2013)

Time 6
(2014)

Time 7
(2015)

Time 8
(2016)

Time 9
(2017)

Sample size (N) 6,518 4,441 6,884 4,514 12,179 18,261 15,820 13,942 21,936 17,072
N retained from at least one previous Time point ��- 4,423 3,918 4,090 6,807 10,502 15,740 13,941 13,779 16,931
N retained from previous Time point only ��- 4,423 3,530 ��- 5,762 9,844 14,878 12,550 11,933 15,784
Wave-to-Wave retention [Mortality Adjusted] ��- 68.15% 79.88% ��- 84.13% 81.00% 81.65% 79.58% 85.99% 72.05%
Time 1 Retention [Mortality Adjusted] ��- 68.15% 60.74% ��- 63.26% 61.84% 58.96% 53.32% 54.24% 44.95%
Number of Booster Samples ��- ��- 1 ��- 5 2 ��- ��- 1 ��-
Additional N (including booster, occasional opt-in partners) ��- 16 2,966 424 5,374 7,759 82 2 8,157 141
Response rate (average rate if more than 1 booster sample) 16¢6% �� 92¢4% ��- 9¢8% 8¢55% ��- ��- 9¢7% ��-

Note: Response rates for Time 2, 3.5, 6, 7 and 9 are not reported as these time points did not include booster samples (these samples included participants from previous time
points and occasional opt-ins). Time 3 included a non-random booster recruited from unrelated online newspaper website. Time 4 included one weighted deprivation booster and
four electoral boosters (one random and the other three oversampling based on region of residence or ethnicity). Time 5 included a random electoral and Maori electoral booster.
Time 8 included a random electoral booster. Around 400-450 Pacific participants were recruited informally via Pacific networks in Time 3.5.



Table A3
Odds ratios for multinomial logistic regression with vaccine believers, vaccine skeptics and former skeptics as reference groups respectively.

Former skeptics Vaccine skeptics

Reference Category: Vaccine believers OR Lower CI Upper CI SE P-value OR Lower CI Upper CI SE P-value

Gender 0¢827* 0¢704 0¢972 0¢068 0¢011 0¢660** 0¢591 0¢738 0¢037 <0¢001
Maori 1¢699** 1¢372 2¢104 0¢185 <0¢001 1¢988** 1¢707 2¢315 0¢155 <0¢001
Pacific 1¢968** 1¢386 2¢795 0¢352 0¢006 1¢576* 1¢183 2¢100 0¢231 0¢013
Asian 1¢066 0¢724 1¢569 0¢210 0¢753 1¢406* 1¢089 1¢814 0¢183 0¢026
Age 0¢996 0¢991 1¢002 0¢003 0¢195 1¢003 0¢999 1¢007 0¢002 0¢115
Deprivation 1¢054** 1¢025 1¢083 0¢015 <0¢001 1¢056** 1¢035 1¢077 0¢011 <0¢001
Education 0¢929** 0¢904 0¢956 0¢013 <0¢001 0¢887 0¢871 0¢904 0¢009 <0¢001

Former skeptics Vaccine believers

Reference Category: Vaccine skeptics OR Lower CI Upper CI SE P-value OR Lower CI Upper CI SE P-value

Gender 1¢252* 1¢039 1¢509 0¢119 0¢035 1¢514** 1¢355 1¢692 0¢086 <0¢001
Maori 0¢855 0¢679 1¢076 0¢101 0¢148 0¢503** 0¢432 0¢586 0¢039 <0¢001
Pacific 1¢249 0¢856 1¢821 0¢240 0¢301 0¢634** 0¢476 0¢845 0¢093 <0¢001
Asian 0¢758 0¢493 1¢167 0¢167 0¢148 0¢711** 0¢551 0¢918 0¢093 0¢002
Age 0¢993* 0¢987 0¢999 0¢003 0¢031 0¢997 0¢993 1¢001 0¢002 0¢114
Deprivation 0¢998 0¢967 1¢030 0¢016 0¢902 0¢947** 0¢929 0¢966 0¢009 <0¢001
Education 1¢047** 1¢014 1¢081 0¢017 0¢005 1¢127** 1¢106 1¢148 0¢011 <0¢001

Vaccine skeptics Vaccine believers

Reference Category: Former skeptics OR Lower CI Upper CI SE P-value OR Lower CI Upper CI SE P-value

Gender 0¢799** 0¢663 0¢963 0¢076 0¢008 1¢210* 1¢029 1¢421 0¢100 0¢035
Maori 1¢170 0¢929 1¢473 0¢138 0¢216 ¢589** 0¢475 0¢729 0¢064 <-0¢001
Pacific 0¢801 0¢549 1¢168 0¢154 0¢197 ¢508** 0¢358 0¢722 0¢091 <0¢001
Asian 1¢318 0¢857 2¢029 0¢290 0¢272 0¢938 0¢637 1¢381 0¢185 0¢737
Age 1¢007* 1¢001 1¢013 0¢003 0¢032 1¢004 0¢998 1¢009 0¢003 0¢197
Deprivation 1¢002 0¢971 1¢034 0¢016 0¢902 0¢949** 0¢923 0¢976 0¢014 <0¢001
Education 0¢955** 0¢925 0¢986 0¢016 0¢004 1¢076** 1¢046 1¢107 0¢016 <0¢001

Note: *p < 0¢05, **p < 0¢01, numbers in tables are rounded to 3 decimal points for greater accuracy.
Note: *p < 0¢05, **p < 0¢01, numbers in tables are rounded to 3 decimal points for greater accuracy.
Note: *p < 0¢05, **p < 0¢01, numbers in tables are rounded to 3 decimal points for greater accuracy.

Table A4
Average latent class probabilities for most likely latent
class membership (row) by latent class (column).

1 2 3

1. Former skeptics 0¢843 0¢101 0¢056
2. Vaccine skeptics 0¢057 0¢878 0¢065
3. Vaccine believers 0¢014 0¢085 0¢901

Table A5
Demographic characteristics of subpopulations based on most likely group membership.

Gender Ethnicity Age (Time 5) Deprivation Education

Female (%) Male (%) Maori (%) Pacific (%) Asian (%) Age range Mean age (SD) Mean level (SD) Mean level (SD)

Vaccine believers (N = 12826) 60.81 39.19 10.55 2.69 4.30 17�94 49.72 (14.30) 4.45 (2.70) 5.36 (2.78)
Vaccine skeptics (N = 3388) 67.89 32.11 19.45 4.90 4.78 18�94 50.03 (12.09) 5.02 (2.78) 4.53 (2.73)
Former skeptics (N = 1117) 64.87 35.13 17.46 5.55 4.48 18�82 48.90 (13.66) 4.96 (2.80) 4.83 (2.82)

Note: The current study initially aimed to make inferences about and look at population level trends in vaccine attitudes rather than identify the specific demographic break-
down of subpopulations. This is because our analyses were based on the probability of classification (not simple categorization) and thus, we need to be cautious about catego-
rizing people into groups. Nevertheless, this data may inform the development of target vaccination interventions by helping identify groups of individuals most likely to fall
into each subpopulation.
Ethnicity is not mutually exclusive (participants indicated all ethnic groups they identified with at each time point); Proportion for European is not included as it was used as
reference category in the regression analysis that was used to obtain most likely class membership. Scale for deprivation (1=lowest, 10=highest) and education level (0=no
qualification, 10=doctoral degree).
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