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ABSTRACT
Background  Rogers’ diffusion of innovation theory 
suggests innovations are adopted in stages by different 
groups (innovators/early adopters, early majority, late 
majority and late adopters). In healthcare, this could mean 
that there is the potential to worsen health disparities as 
later groups tend to also face more social and structural 
barriers. Determining the unique sociodemographic 
characteristics, beliefs and attitudes of those in each 
diffusion category could be useful for theorising how to 
reach later groups more effectively.
Methods  Using a cross-sectional survey among Canadian 
adults in late 2021, we assigned respondents to diffusion 
groups based on when they received their first dose, 
relative to others within their age group in accordance 
with Rogers’ model (ie, cut points: 16%, 50%, 84% with 
100% being all those vaccinated within the age group). 
Participants answered questions about their COVID-19 
vaccinations and questions related to their motivations, 
beliefs, values and attitudes towards COVID-19. A 
multinomial logistic regression model assessed the 
likelihood of participants being associated with each 
diffusion category (with the significance level set at 
p<0.05).
Results  The final sample included 2131 respondents. 
Late adopters were significantly more likely to identify as 
non-white, live in rural locations and receive vaccinations 
at pharmacies. Innovators and early adopters were 
significantly more likely to get vaccinated in settings other 
than pharmacies or community centres.
Conclusion  A diffusion group-based analysis brought 
insight into how vaccination strategies could be tailored 
to reach each diffusion group sooner, particularly late 
adopters who encounter more barriers.

BACKGROUND
One of the most impressive mobilisations 
of biomedical science was the development, 

testing, approval and roll-out of vaccines 
against COVID-19 in 2020–2021.1 2 Interim 
analyses of the efficacy of these vaccines 
reflected a level of protection rarely observed 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The diffusion of innovation theory posits that the uptake 

of an innovation by a population happens gradually and 
that the population can be divided into five categories: 
innovators (the gatekeepers), early adopters (leaders), 
early majority (average member of society), late majority 
(those just below average) and laggards/late adopters 
(those with traditional views). This theory has been ad-
opted to relate to health innovations and can partially 
explain health inequities: the most state-of-the-art 
healthcare is available first to the healthiest and most 
privileged populations and takes longer to reach higher-
need groups.

WHAT THIS STUDY ADDS
	⇒ This study was conducted after the vaccine roll-out 

began and applied a diffusion group framework to 
COVID-19 vaccines. The timing of the study is important 
because it is likely that all individuals who were plan-
ning on receiving the vaccine had done so by this point, 
meaning the vaccine had likely diffused throughout the 
population to the greatest extent possible. Very few 
studies have examined COVID-19 vaccination beliefs 
after the vaccine roll-out began, and even fewer have 
applied a diffusion group framework.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Understanding the characteristics and beliefs of the dif-
ferent groups can hopefully inform future public health 
strategies, particularly those related to vaccines or other 
health innovations that require individual uptake and can 
promote health equity. Working with rural pharmacies 
may increase uptake in late adopters.
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in clinical trials against severe outcomes resulting from 
infection by the original wild strain of the virus.3 4 The 
development of vaccines against COVID-19 in 2020 was a 
truly ‘game-changer’5; however, many of the social groups 
most impacted by COVID-19 infections were among the 
most difficult to reach given the number of social and 
structural barriers (eg, low income).6 Given this dynamic, 
two theoretical concepts became key discussion points 
for scholars and some decision-makers about the poten-
tial for such a game-changer to exacerbate the health 
disparities related to COVID: the ‘inverse care law’7 8 and 
the ‘diffusion of innovations’.9 10

While most population health inequities emerge due 
to the social determinants of health,11 some disparities 
may emerge or worsen following the introduction of a 
significant new technology or innovation.12 As the easiest 
populations to reach with new technologies are often 
at the lowest risk for disease, the so-called ‘inverse care 
law’ observes the unfortunate irony that the most state-
of-the-art healthcare will tend to serve the healthiest and 
most privileged populations first, while the innovation 
may take longer to reach higher need groups.13 14 Thus, 
the equitable roll-out of game-changing interventions is 
critical to ensure that health systems are not reinforcing 
health inequities (a circumstance that has been described 
as an ‘intervention generated inequality’12) but are rather 
eliminating or mitigating health inequities by prioritising 
the highest-need groups first.

When a new innovation is introduced, its uptake across 
society tends to happen gradually.15 16 One well-known 
theory explaining this trend is Rogers’ diffusion of inno-
vation theory.16 Diffusion is the social process among 
people in response to learning about a new innovation.15 
The uptake of an innovation by a population is divided 
into five categories: innovators, early adopters, early 
majority, late majority and laggards.15 Previous papers 
have indicated that the term ‘laggard’ is outdated and, 
therefore, we will term them as ‘late adopters’.17 Rogers 
believed the early majority represented the average 
member of a social system, with innovators representing 
gatekeepers, early adopters representing leaders in a 
social system, the late majority representing those just 
below average and the late adopters representing those 
with traditional views.15 While Rogers originally devel-
oped this theory in a non-healthcare and community-
specific context, others have since adapted it for health 
innovations at much larger levels, including national 
and international diffusion studies.13 18 19 Later develop-
ment of diffusion theory by Moore argues that once the 
innovators and early adopters (typically approximately 
16% of the target population) have been reached, an 
innovation will become mainstreamed, triggering adop-
tion by the subsequent diffusion groups.20 21 Therefore, 
gaining insights into how to reach the innovators and 
early adopters sooner could theoretically compress diffu-
sion curve timelines and ultimately reach late adopters 
sooner.

Understanding the characteristics of late adopters can 
provide insights into increasing vaccine uptake among 
higher-risk populations sooner. Existing studies on the 
diffusion of innovation in the context of COVID-19 
vaccinations have focused on healthcare workers, who 
had early access to the vaccine, on innovators and early 
adopters rather than late adopters.22 Other investigations 
have been aimed at vaccine awareness and patient engage-
ment but have not specifically addressed the characteris-
tics of different groups.23 24 To our knowledge, there is 
no published literature on the traits of late adopters of 
vaccines. Reducing intervention-generated inequalities 
requires reaching late adopters sooner, which should, in 
theory, lessen the burden of the inverse care law.

Other theories of diffusion exist, such as the Bass 
model, but these models are often used to determine 
the time to adoption rather than categorising different 
groups of adopters, like Rogers’ theory.25 26 Therefore, 
Rogers’ theory best addresses this study’s objectives. The 
goal of the current study was to identify useful insights 
for reaching late adopters sooner by applying a diffusion 
group framework to understand what sociodemographic 
characteristics, beliefs and behaviours characterise each 
diffusion group.

METHODS
Study design, setting and participants
This cross-sectional study was conducted using a conven-
ience sample of residents of Canada from 16 November 
2021 to 23 December 2021. AskingCanadians, an online 
data collection company that can be hired to admin-
ister surveys, executed the survey.27 AskingCandians is 
a trusted resource for pharmaceutical companies when 
designing marketing campaigns or gaining perspectives 
on public opinions. AskingCanadians has more than one 
million Canadians in its panel who come from a wide 
range of socioeconomic strata. Participants are motivated 
to take part in AskingCanadians’ surveys to earn rewards 
from a variety of retailers.27 The research team was not 
involved in compensating the AskingCanadians survey 
participants.

Potential participants were invited based on their 
AskingCanadians profile to be nationally representative 
based on province of residence, biological sex, income 
level and visible minority status. Study participants were 
18 years or older. Subgroup sample size targets were 
based on the 2016 Canadian census (the most recently 
available census at the time). Once subgroup sample 
size targets were met to correspond to national averages, 
the survey was closed to that group. The cohort sample 
size goal was 2500 survey responses. Given that this study 
employed a convenience sample, we believe this sample 
provides sufficient estimates while fitting within the prac-
tical and budgetary considerations of this study. However, 
no power analyses were conducted a priori. This study 
complies with the Strengthening the Reporting of 
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Observational Studies in Epidemiology checklist, which 
has been provided in online supplemental appendix 1.28

Questionnaire
The questionnaire was based on similar questionnaires 
used in other survey studies regarding COVID-19 vaccina-
tions.29 30 Before launching to the broader survey panel 
membership, the questionnaire was piloted in the field 
through a 1-week soft launch. Panel completion metrics 
(eg, time-to-completion, skipped questions and dropped 
surveys) were assessed to ensure that the questionnaire 
was technically sound and contained no components 
preventing users from proceeding towards completion.

The survey asked participants directly whether they 
had received a COVID-19 vaccine, why or why not, when 
they received their first and second/third doses (if appli-
cable), where they received the vaccine (eg, mass vacci-
nation clinic, pharmacy and employer), whether they 
were considered part of a priority group, various sociode-
mographic questions and questions about other beliefs, 
values and attitudes towards COVID-19 and the COVID-19 
vaccine. Participants were given the option to voluntarily 
upload proof of their COVID-19 vaccination records for 
validation to avoid errors in self-reporting. The full survey 
is available in online supplemental appendix 2.

For data quality purposes, all respondents who 
completed the survey in less than 30% of the median 
survey completion duration were automatically excluded 
from the sample. This policy was developed by profes-
sional pollsters at AskingCanadians and was consid-
ered best practice within their organisation at the time 
of study.31 32 Additionally, open-ended questions were 
assessed and cases where respondents provided a low-
quality answer were removed (eg, responses that were 
non-words). These steps were conducted manually by the 
AskingCanadians team.

Diffusion group categorisation
Based on Rogers’ theory of diffusion of innovation, the 
sample was categorised into innovators, early adopters, 
early majority, late majority and late adopters based on 
the respondents’ date of their first dose of the COVID-19 
vaccine. To categorise participants into the different 
diffusion categories, survey participants were first strati-
fied into age categories to account for the initial roll-out 
of the COVID-19 vaccine being based on age.33 After 
determining the earliest allowable vaccination date 
cut-offs for each age strata, each diffusion category was 
assigned based on the date and cumulative proportion of 
vaccinated individuals based on Rogers’ theory of diffu-
sion: the first 2.5% vaccinated before a certain date were 
labelled as innovators, the next 13.5% were early adop-
ters, the next 34% were early majority, the next 34% were 
the late majority and the last 16% were late adopters. 
Participants were assigned prior to final data cleaning, 
and thus the actual breakdown does not perfectly match 
Rogers’ theory. As Roger’s theory excludes non-adopters, 
unvaccinated individuals were excluded from this study 

but were the focus of two other studies using the same 
survey data.34 35 Additionally, the early adopter and inno-
vator groups were combined due to small cell counts and 
because the combination of these two groups defined 
Moore’s theorised 16% tipping point that must be 
breached to trigger mainstreaming to the later diffusion 
groups.20 21

Independent variables
Independent variables were selected based on existing 
studies of COVID-19 vaccine acceptance and hesi-
tancy.29 30 Sociodemographic factors of interest included 
vaccination status, gender, ethnicity, age, education, 
income, rurality, immigration status, marital status 
and current employment status based on a previously 
published framework of factors influencing public atti-
tudes towards COVID-19 vaccination36 (online supple-
mental appendix table 1).

Beliefs about the threat posed by COVID-19 to self 
and others were ascertained by asking respondents ‘How 
serious of a threat do you think the coronavirus (COVID-
19) is to yourself?’ and ‘How serious of a threat do you 
think the coronavirus (COVID-19) is to Canadians?’ 
Respondents chose between ‘not serious at all’, ‘not 
very serious’, ‘somewhat serious’ and ‘very serious’. ‘Not 
serious at all’ and ‘not very serious’ were combined to 
ensure eligible cell sizes and allow for easier comparison 
as the reference category. These questions were based 
on previous research that revealed these questions were 
especially powerful in predicting vaccine uptake.37

For questions with a ‘prefer not to say’ option, partic-
ipants who selected ‘prefer not to say’ were coded as 
missing for the purposes of this analysis.

Data analysis
Data were collected directly from an online platform and 
exported as a .csv file. Data were imported into R V.4.1.2 
for initial data cleaning. Descriptive statistics including 
missingness were created using the gtsummary package 
in R.38

To assess the likelihood of a participant being associ-
ated with each diffusion category based on sociodemo-
graphic factors of interest, we created a multinomial 
logistic regression model. We used the early majority as 
the reference group as Rogers theorised this group to 
represent the average member of society. Further, the 
innovator/early adopter group likely represents the 
participants who were especially high-risk or healthcare 
workers who were given priority before the vaccines were 
open to the broader public.

Multinomial logit regression was performed using 
mlogit in STATA V.18. After confirming that the multino-
mial regression model met the assumption of indepen-
dence from irrelevant alternatives, relative prevalence 
ratios (RPR) and 95% CIs were calculated for the inde-
pendent variables. The independence of irrelevant 
alternatives was tested using the suest (seemingly unre-
lated estimation) command. The assumption testing 

https://dx.doi.org/10.1136/bmjph-2024-000926
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is available in online supplemental appendix 3. The 
multinomial outcomes of interest were innovators/early 
adopters, early majority, late majority and late adopters.

A RPR is a ratio of ratios—the ratio of the preva-
lence ratio between the outcome level of interest and 
the outcome reference category (in this case, the early 
majority outcome category). The interpretation of these 
RPRs is not based on assumptions of direct effects on the 
outcome; rather, they are mutually adjusted and should 
be interpreted as conditional on the inclusion of the 
other variables in this model.39 40

Privacy
All data transferred by AskingCanadians were deidenti-
fied, anonymised and tokenised before being sent to the 
research team for analysis.

Patient and public involvement
The public was not involved in the design and conduct 
of the study, choice of outcome measures or recruitment 
to the study.

RESULTS
The survey yielded 2711 completes, representing 61% of 
all participants who accessed the survey (table 1). Of the 
total number of participants, 8.9% (n=241) of respond-
ents remained unvaccinated. These non-adopting partici-
pants were excluded from the analysis. Overall, the mean 
age of survey respondents was 51.3 years (SD 17.13), with 
52.7% of participants being female, 71.9% identifying as 
white and 82.5% living in an urban area. Approximately 
40% of participants had at least a bachelor’s degree and 
over half of participants (57.5%) had an income of less 
than CAD$50 000.

After excluding unanswered questions and for the 
‘other’ gender category, which was unfortunately too small 
to analyse (n=11), the final analytical sample included 
2131 respondents (online supplemental appendix table 
1). Of vaccinated respondents, 383 (18.0%) were catego-
rised as innovators or early adopters, 816 (38.3%) were 
early majority, 860 (40.4%) were late majority and 397 
participants (18.6%) were late adopters (figure 1).

Table 1  Sociodemographic characteristics

Total
N=2711, % (n)

Innovators
n=65, % (n)

Early adopters
n=320, % (n)

Early majority
n=821, % (n)

Late majority
n=864, % (n)

Late adopters
n=400, % (n)

Unvaccinated
n=241, % (n)

Mean age, years (SD) 51.29 (±17.13) 49.98 (±18.34) 51.75 (±17.17) 51.67 (±17.54) 51.24 (± 17.07) 51.33 (±16.82) 49.9 (±16.15)

Gender

 � Male 46.66 (1263) 43.08 (28) 45.00 (144) 48.84 (401) 45.18 (389) 49.75 (199) 42.50 (102)

 � Female 52.94 (1433) 56.92 (37) 54.37 (174) 50.55 (415) 54.70 (471) 49.50 (102) 57.50 (138)

 � Other 0.41 (11) 0 0.63 (2) 0.61 (5) 0.12 (1) 0.75 (3) 0

Ethnicity

 � White 72.56 (1967) 70.77 (46) 69.38 (222) 71.50 (587) 74.42 (643) 68.75 (275) 80.50 (194)

 � Non-white 27.44 (744) 29.23 (19) 30.63 (98) 28.50 (234) 25.58 (221) 31.25 (125) 19.50 (47)

Citizenship

 � Canadian 91.65 (2481) 90.77 (59) 91.22 (291) 92.31 (756) 90.61 (782) 91.00 (364) 95.02 (229)

 � Non-Canadian 8.35 (226) 9.23 (6) 8.78 (28) 7.69 (63) 9.39 (81) 9.00 (36) 4.98 (12)

Location

 � Rural 18.48 (501) 15.38 (10) 14.69 (47) 13.76 (113) 20.02 (173) 21.75 (87) 29.46 (71)

 � Urban 81.52 (2210) 84.62 (55) 85.31 (273) 86.24 (708) 79.98 (691) 78.25 (313) 70.54 (170)

Education

 � No high school 4.86 (131) 7.69 (5) 4.39 (14) 2.69 (22) 3.73 (32) 8.56 (34) 10.13 (24)

 � High school 34.04 (917) 26.15 (17) 32.92 (105) 32.44 (265) 33.99 (292) 36.52 (145) 39.24 (93)

 � Trade/technical degree 22.90 (617) 18.46 (12) 18.18 (58) 21.79 (178) 23.98 (206) 23.68 (94) 29.11 (69)

 � Bachelor 24.65 (664) 32.31 (21) 27.59 (88) 28.52 (233) 25.49 (219) 17.18 (71) 13.50 (32)

 � Graduate 10.76 (290) 9.23 (6) 11.60 (37) 11.14 (91) 11.53 (99) 10.33 (41) 6.75 (16)

 � Professional degree 2.78 (75) 6.15 (4) 5.33 (17) 3.43 (28) 1.28 (11) 3.02 (12) 1.27 (3)

Income

 � <CAD$20K 22.20 (529) 18.18 (10) 20.65 (57) 20.86 (150) 19.82 (151) 25.97 (94) 32.06 (67)

 � CAD$20K–CAD$49K 44.40 (1058) 29.09 (16) 39.86 (110) 42.98 (309) 46.72 (356) 46.96 (170) 46.41 (97)

 � CAD$50K–CAD$79K 22.49 (536) 23.64 (13) 27.90 (77) 23.50 (169) 22.18 (169) 19.61 (71) 17.70 (37)

 � CAD$80K–CAD$99K 5.58 (133) 18.18 (10) 5.80 (16) 6.26 (45) 5.84 (43) 3.31 (12) 3.35 (7)

 � >CAD$100K 5.33 (127) 10.91 (6) 5.80 (16) 6.40 (46) 5.64 (43) 4.14 (15) 0.48 (1)

Marital status

 � Single 63.11 (1704) 53.85 (35) 62.38 (199) 63.05 (517) 61.28 (527) 65.16 (260) 70.04 (166)

 � Not single 36.89 (996) 46.15 (30) 37.62 (120) 36.95 (303) 38.72 (333) 34.84 (139) 29.96 (71)

https://dx.doi.org/10.1136/bmjph-2024-000926
https://dx.doi.org/10.1136/bmjph-2024-000926
https://dx.doi.org/10.1136/bmjph-2024-000926
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Model results
After removing a collinear variable (‘threat to others’ 
belief), a Hosmer-Lemeshow goodness of fit test model 
appropriately fits the data (χ2 statistic: 32.204, df=24, 
p=0.122). Results of the full (collinear) model are 
presented in online supplemental appendix table 2.

Early adopters/innovators
Between the early majority and early adopters/innova-
tors, there were no statistically significant differences in 
the relative prevalence of sociodemographic characteris-
tics or beliefs regarding COVID-19 (table 2). The inno-
vators and early adopters were significantly more likely 
to receive their vaccination from all other sources (RPR 
3.67, 95% CI 2.55 to 5.27) relative to mass vaccination 
sites.

Late majority
Compared with the early majority, the late majority was 
significantly more likely to live in a rural location (RPR 
1.61, 95% CI 1.21 to 2.14) relative to urban locations and 
be a permanent resident or non-citizen (RPR 1.62, 95% CI 
1.08 to 2.44) relative to a Canadian citizen (table 2). The 
late majority was significantly less likely to be vaccinated 
at all other locations (RPR 0.63, 95% CI 0.44 to 0.91) rela-
tive to receiving vaccination at mass vaccination sites.

Late adopters
Compared with the early majority, the late adopters 
were significantly more likely to identify as non-white 
(RPR 1.47, 95% CI 1.04 to 2.09) relative to white and 
live in a rural location (RPR 1.93, 95% CI 1.37 to 2.74) 
relative to an urban location (table  2). This group was 

also significantly more likely to receive their COVID-19 
vaccine from either a pharmacist (RPR 2.56, 95% CI 
1.84 to 3.58) or all other locations (RPR 1.65, 95% CI 
1.10 to 2.49) compared with those who received their 
vaccinations at mass vaccination sites. The late adopters 
were also significantly less likely to have an undergrad-
uate degree (RPR 0.47, 95% CI 0.32 to 0.70) compared 
with high-school level education and earn more than 
CAD$50 000 (RPR 0.67, 95% CI 0.49 to 0.92) compared 
with not. Finally, late adopters were significantly less 
likely to believe that COVID-19 was a somewhat serious 
(RPR 0.60, 95% CI 0.43 to 0.83) or very serious threat 
(RPR 0.45, 95% CI 0.32 to 0.65) to themselves, relative to 
believing it was not serious at all/not very serious.

DISCUSSION
In our survey of 2131 individuals regarding self-reported 
COVID-19 vaccination uptake in November and 
December 2021 and after categorising respondents into 
diffusion groups, some sociodemographic character-
istics distinguished the early majority from other diffu-
sion groups. Late adopters were significantly less likely 
to have an undergraduate degree, more likely to identify 
as non-white, and less likely to earn over CAD$50 000 per 
year and were significantly more likely to have received 
their vaccination from a pharmacist. Late adopters and 
the late majority were also significantly more likely to live 
in rural locations. Beliefs and attitudes also emerged as 
critical predictors that were at least as potent as the other 
significant factors: late adopters were significantly less 

Figure 1  Per cent of participants by diffusion categories of first dose of COVID-19 vaccine, after correcting for missingness 
and age-group restrictions. The above distribution is the closest possible resemblance of Rogers’ model after accounting for 
missingness and after categorising all included responses within their specific age group’s vaccine eligibility dates within their 
province.

https://dx.doi.org/10.1136/bmjph-2024-000926
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likely to believe COVID-19 was a serious or very serious 
threat to themselves.

While a diffusion of innovations-based analysis has 
been the subject of several studies within an interna-
tional context,10 22–24 41 within-country COVID-19 vaccine 
studies are limited with none focusing on Canada after 
the vaccine roll-out. Two studies found significant differ-
ences in attitudes between early adopters and vaccine-
hesitant adults.9 42 These studies, however, had very 
small populations, only compared early adopters to 

non-adopters, and were conducted before vaccines were 
widely available,9 or did not apply an explicit diffusion 
of innovations analysis approach.42 When our survey 
became available in November 2021, COVID-19 vaccines 
had been available for all Canadian adults for several 
months and extraordinary measures, such as the intro-
duction of vaccine mandates, followed.33 This timing is 
important because it is likely that all individuals who were 
planning on receiving a vaccine had done so at this point. 
In November 2021, 78% of Canadians had received at 

Table 2  Outcomes from multinomial logistic regression: relative prevalence ratios (RPR) (ref. category=early majority)

Variables

RPR 95% CI RPR 95% CI RPR 95% CI

Innovators/early adopters Late majority Late adopters (laggards)

Ethnicity (ref. white)

 � Non-white 1.05 (0.73 to 1.49) 1.03 (0.78 to 1.37) 1.48 (1.04 to 2.09) *

Gender (ref. female)

 � Male 0.90 (0.68 to 1.20) 0.83 (0.67 to 1.03) 1.01 (0.77 to 1.33)

Age category (ref. 70+)

 � 18–39 0.57 (0.32 to 1.03) 0.80 (0.50 to 1.27) 0.74 (0.42 to 1.33)

 � 40–49 0.65 (0.35 to 1.20) 0.79 (0.49 to 1.29) 0.72 (0.39 to 1.30)

 � 50–59 0.64 (0.36 to 1.13) 0.83 (0.53 to 1.29) 0.62 (0.35 to 1.09)

 � 60–69 0.76 (0.48 to 1.19) 1.01 (0.72 to 1.42) 0.79 (0.51 to 1.23)

Education (ref. some high school/high school diploma)

 � Graduate/professional 
degree 0.75 (0.47 to 1.19) 0.87 (0.60 to 1.26) 0.68 (0.43 to 1.07)

 � Technical/trade/
vocational college 0.81 (0.56 to 1.18) 1.13 (0.86 to 1.49) 0.83 (0.60 to 1.17)

 � Undergraduate degree 0.83 (0.57 to 1.20) 0.87 (0.65 to 1.16) 0.47 (0.32 to 0.70) **

Income (ref. less than CAD$50,000)

 � More than CAD$50,000 1.35 (0.99 to 1.83) 0.92 (0.72 to 1.17) 0.67 (0.49 to 0.92) *

Urban/rural (ref. urban)

 � Rural 1.09 (0.74 to 1.61) 1.61 (1.21 to 2.14) ** 1.93 (1.37 to 2.74) **

Citizenship (ref. Canadian citizen)

 � Permanent resident/Non-
citizen 1.18 (0.70 to 1.97) 1.62 (1.08 to 2.44) * 1.25 (0.75 to 2.09)

Currently working (ref. no)

 � Retired 0.82 (0.49 to 1.35) 0.74 (0.51 to 1.10) 0.66 (0.42 to 1.09)

 � Yes 1.24 (0.82 to 1.87) 0.99 (0.73 to 1.34) 1.02 (0.70 to 1.48)

How many people do you know in your circle of family, friends, or neighbours who you regularly interact with and who has had a case of COVID-19? 
(ref. none)

 � 1 or more people 1.01 (0.76 to 1.36) 0.87 (0.69 to 1.09) 0.73 (0.54 to 0.98)

Do you believe that you have personally had one or more cases of COVID-19? (ref. no)

 � Not sure 0.62 (0.36 to 1.05) 0.94 (0.66 to 1.33) 1.19 (0.77 to 1.83)

 � Yes 1.50 (0.95 to 2.37) 0.89 (0.59 to 1.33) 1.56 (1.00 to 2.47)

How serious of a threat to self (ref. not serious at all/not very serious)

 � Somewhat serious 1.37 (0.92 to 2.03)  �  0.90 (0.68 to 1.20) 0.60 (0.43 to 0.83] **

 � Very serious 1.46 (0.98 to 2.20)  �  0.81 (0.60 to 1.09) 0.45 (0.32 to 0.65) **

Vaccination location (ref. mass vaccination sites)

 � Community centre 1.49 (0.96 to 2.33)  �  1.30 (0.93 to 1.81) 1.61 (1.05 to 2.48)  � *

 � Pharmacist 1.42 (0.97 to 2.09) 0.94 (0.70 to 1.26)  �  2.56 (1.84 to 3.58) **

 � Other sources 3.9 (2.57 to 5.30) ** 0.63 (0.44 to 0.91) * 1.65 (1.10 to 2.49) *

*p<0.05, **p<0.01.
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least one vaccine; since the survey closed in December 
2021, only an additional 4% of Canadians have received 
at least one vaccine.43 This demonstrates that when the 
survey was conducted in late 2021, the vaccine had likely 
diffused throughout the population to the greatest extent 
possible.

Understanding the characteristics and beliefs of the 
different groups can inform future public health strate-
gies, particularly those related to vaccines or other health 
innovations that require individual uptake and can 
promote health equity. In this sample, late adopters were 
significantly more likely to receive their COVID-19 vacci-
nation from a pharmacist, compared with a mass clinic 
or other locations. While this may in part be a conse-
quence of the time when this population was seeking to 
be vaccinated (ie, after mass vaccination sites had been 
dismantled), mass vaccination sites were mostly available 
in urban settings. Other studies have found pharmacies 
to be an effective way to reach rural areas, including for 
rural racialised populations.44 One strategy, therefore, for 
reaching late adopters sooner could be to work with rural 
pharmacies to understand their unique challenges and to 
provide support to boost their vaccination capacity (eg, 
increasing supplies, personnel and resources), especially 
in pharmacy deserts.45 46 Pharmacy deserts, geograph-
ical areas in which residents cannot easily access phar-
macies, can affect up to 10% of the population.45 47 48 
Areas categorised as pharmacy deserts also tend to be 
rural, racialised and have a higher percentage of medi-
cally vulnerable persons, with one study reporting that 
67% of persons living in pharmacy deserts were high 
risk for COVID-19.46–50 While more research on phar-
macy deserts has been done in the USA, some studies 
in Canada have confirmed their existence.51 Given our 
results regarding late adopters being more often rural 
racialised populations, developing strategies to mitigate 
the potential impacts of pharmacy deserts may be useful 
in increasing uptake in the late adopters.

Limitations
There are several limitations of this work. One is that 
healthcare workers and essential workers were prioritised 
to receive the vaccine, and therefore, were among the 
innovators and early adopters. Had the analysis consid-
ered the date at which all adults were able to get the 
vaccine in their province, the distribution across the 
diffusion groups may have been different. However, we 
attempted to mitigate this by using the early majority 
as the reference group in the model, which had fewer 
healthcare workers than the innovators, and by catego-
rising respondents based on the date at which their age 
group was eligible to receive the vaccine.

Selection bias is present, as the study was gathered by 
convenience sampling and is likely unrepresentative of 
the population at large. Self-selection to participate on 
the platform introduces selection bias, as it excludes 
those without access to the internet, comprehension 
of English or French, and wealthier people who would 

be less motivated to participate in this survey platform 
to earn rewards. However, surveying representative 
populations is difficult to achieve, particularly without 
specifically targeting populations. Another limitation is 
that this survey took place within the unusual context of 
vaccine mandates, potentially meaning the late adopter 
group surveyed by our study may contain those who 
would not get vaccinated under more typical conditions 
and thereby weakening external generalisability. Future 
research should repeat this study following updated 
COVID-19 vaccination roll-outs to understand which 
results were unique to the context. Finally, this study is 
subject to many types of bias, including information bias, 
recall bias and social desirability bias. The survey platform 
conducted a pilot study, but these were not provided to 
the study team. However, as this is not a psychometric 
scale or inventory, the face validity of the final items in 
the questionnaire should be sufficient for interpretation. 
This research relies on self-reported vaccination status 
rather than health records and is thus subject to recall 
bias; outcome timing may be misclassified and there is 
potential for social desirability bias, though the latter 
was likely mitigated through the anonymity of response. 
The analyses are observational in nature and subject to 
residual confounding through a lack of additional, rele-
vant covariates. Unbalanced classes were combined.

CONCLUSION
We found that using a diffusion group-based analysis 
revealed useful insights. Our learnings included that 
late adopters were significantly more likely to identify as 
non-white, live in rural locations and receive COVID-19 
vaccinations at pharmacies. A possible application of this 
insight for vaccination strategy would be to work with 
rural pharmacies to understand their unique challenges 
in reaching their populations and to offer additional 
support where necessary (eg, providing supplies sooner, 
resources to increase appointments or walk-in hours).
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