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Abstract

Background: Older adultsare more vulnerableto severe consegquences caused by seasonal influenza. Although seasonal influenza
vaccination (SIV) is effective and free vaccines are available, the SIV uptake rate remained inadequate among people aged 65
years or older in Hong Kong, China. There was a lack of studies evaluating ChatGPT in promoting vaccination uptake among
older adults.

Objective: This study aimed to evaluate the effectiveness of ChatGPT with retrieval-augmented generation in increasing SIV
uptake among older adults over a 3-month study period in Hong Kong, China. Participants in an ongoing observational cohort
study conducted in the same period served as the comparison group.

Methods: A quasi-experimental study was conducted between November 2024 and April 2025. Participants were (1) aged =65
years, (2) possessed a Hong Kong ID, (3) able to speak and comprehend Cantonese, (4) smartphone users, and (5) had no SIV
uptake for the approaching flu season. Those with a diagnosis of cognitive impairment or dementia, blindness or deafness, or
known contraindications to the SIV were excluded. Participants were recruited through random telephone calls. There were 45
and 55 participants in the SIV-ChatGPT group and the comparison group, respectively. All participants completed follow-up
surveys at T1 (1 month after the baseline survey, for the SIV-ChatGPT group only) and T2 (3 months after the baseline survey,
for both groups). Participants in the SIV-ChatGPT group gained access to SIV-ChatGPT in the format of a web-based app after
completion of the baseline survey. They could use SIV-ChatGPT repeatedly throughout a 1-month intervention period and were
free to spend as much time as they wanted with SIV-ChatGPT. Intention-to-treat analysis was used for outcome analyses.

Results: At T2, the SIV uptake rate was higher in the SIV-ChatGPT group than the comparison group (15/45, 33% vs 8/55,
14.3%; adjusted odds ratio 2.72, 95% CI 1.01-7.35, P=.048). All participants were able to provide receipts to validate their SIV
uptake. In the SIV-ChatGPT group, 40.5% (15/37) of participants who used SIV-ChatGPT at least once reported a SIV uptake
at T2, which was significantly higher than nonusers (0/8, 0%; P=.04). Among the 37 SIV-ChatGPT users, the mean score of the
System Usability Scalewas 67.1 (SD 14.9). Levels of subjective behavioral and cognitive engagement with SIV-ChatGPT were
relatively high, while the affective engagement was moderate.

Conclusions: SIV-ChatGPT was feasible and acceptable and demonstrated preliminary effectivenessin increasing SIV uptake
among people aged 65 years or older. This study also provided implications to improve the performance of SIV-ChatGPT. A
full-powered randomized controlled trial should be considered to evaluate its efficacy.
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Introduction

There are 2 flu seasons in Hong Kong (January-March and
July-August). In the 2023/24 flu season, people aged =65 years
accounted for 89% of the deaths caused by seasonal influenza
[1]. The seasonal influenzavaccination (SIV) could effectively
prevent influenza and its complications among people aged 65
years or older without safety concerns [2,3]. All Hong Kong
residents of thisage group are strongly recommended to receive
an SV annually [4]. Hong Kong residents of thisage group can
receiveeither free SIV at public hospitals or subsidized vaccines
at privateclinics[5]. However, the SIV coveragein people aged
65 years or older remained inadequate in the past 3 years
(40.4%-51.5%) [6]. Room for improvement is conspicuous.

Previous research emphasizes the importance of providing
adequate information regarding vaccination. A recent
meta-analysis showed that providing information via written
messages could increase SIV uptake by 16% compared with no
intervention [7]. Chatbots are computerized programs that
replicate human interactions through various forms of
communication [8], and their popularity isincreasing in health
promotion. Chatbots can proactively interact with users and
provideinformation that istailored to users’ characteristicsand
needs. A meta-analysis and recent randomized controlled trials
demonstrated that Chatbots had good abilitiesto reach the target
population and were promising in increasing vaccination uptake
[9-11]. Apart from one chatbot targeting parents to promote
human papillomavirus vacci nation uptake among their daughters
[11], other vaccination-promotion chatbots (n=14) identified
by our literature search were not based on large-language models
(LLMs) and hence had limited ability to interpret and answer
users’ free-text questionsin real-time[9,10]. These open-ended
questions usually reflect users’ important concerns and cannot
be fully covered by predefined, frequently asked questions.
Some non-LLM chatbots could extract keywords from users
guestions and retrieve predefined answers in real-time [9,10].
However, the question-answer (QA) interaction of these chatbots
relies on predefined rules, which raises concerns about the
accuracy. Moreover, many users criticized that these QA
i nteractions were more robotic than human-like, and ultimately,
such constraints negatively affected users' engagement with the
chatbots [9]. Better engagement with chatbots was associated
with higher motivation to receive vaccination [9]. Previous
studies have shown that providing real-time and appropriate
answers to users questions could increase engagement with
web-based interventions [12].

ChatGPT is developed with the generative pretrained
transformer [13], an autoregressive LLM using deep learning
to generate human conversation. As compared with
non-LLM-based conventional Chatbots, ChatGPT can better
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understand users' questions and generate more well-written and
human-like responses. Moreover, ChatGPT can be trained to
perform specific tasks. Previous studies invited independent
expertsto eval uate ChatGPT-generated responses to open-ended
questions related to vaccination and found those responses to
be accurate, clear, and concise [14]. Retrieval-augmented
generation (RAG) is a technique to enhance the accuracy and
reliability of ChatGPT with information retrieved from specific
and relevant data sources [15]. Previous studies consistently
showed that integrating LLM with RAG could largely increase
the accuracy of LLM-generated responses to health-related
queries, the accuracy rate of the responses could reach
98%-100% [16,17]. Therefore, the application of RAG in this
study could prevent hallucination issues[13]. A previous study
successfully applied ChatGPT with RAG to encourage parents
to have their daughters receive human papillomavirus
vaccination [11]. ChatGPT demonstrated preliminary
effectiveness in health promotion (ie, reduce loneliness) for
older adults [18]. However, there was a lack of studies
evaluating the effectiveness, usability, and acceptability of
ChatGPT in promoting vaccination uptake among older adults.

To address the knowledge gap, this study invited
community-dwelling Hong Kong residents aged 65 years or
older to use a ChatGPT with RAG (the SIV-ChatGPT group).
Participants of aseparate and ongoing observational prospective
cohort study conducted during the same period served as the
comparison group. This study aimed to examine the
effectiveness of SIV-ChatGPT by comparing SIV uptake rate
between the SIV-ChatGPT group and the comparison group 3
months after the baseline survey (T2). This study also evaluated
the usability and acceptability (extent of usage and subjective
experiences of behavioral, cognitive, and affective engagement)
of SIV-ChatGPT at the end of the 4-week intervention period
(T1). In addition, changes (T1 vs baseling) in behaviora
intention to receive SIV and attitudes toward SIV among
participants in the SIV-ChatGPT group were investigated. We
hypothesized that the SV uptake rate among participantsin the
SIV-ChatGPT group would be higher than that of the
comparison group at T2.

Methods

Study Design

A quasi-experimental study was conducted between November
30, 2024 and April 22, 2025. Participantsin the SIV-ChatGPT
group completed a telephone survey and gained access to
SIV-ChatGPT at baseline (T0). They could use SIV-ChatGPT
repeatedly throughout a 1-month intervention period and were
free to spend as much time as they wanted with SIV-ChatGPT.
Two telephone evaluation surveys were conducted after
completion of theintervention (T1) and 3 months after TO (T2).
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This study was prospectively registered with Clinical Tiral.gov
(NCT06679647) on November 7, 2024. In the same city and
between November and December 2024, older adults who did
not receive SIV for the approaching flu season in an ongoing
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observational cohort that investigated changes in health
behaviors served as the comparison group. The cohort
participants completed 2 tel ephone surveys 3 months apart. The
flowchart of this study is shown in Figure 1.

Figure 1. Flowchart diagram of this study. SIV: seasonal influenza vaccination.

1028 households randomly
selected from most current
telephone directories in Hong Kong

1279 households randomly
selected from most current
telephone directories in Hong Kong

983 households excluded
893 did not have an eligible
olderadults
14 refused to participate
76 received a SIV for the
incoming flu season

45 participated in TO
survey

45 invited to use the SIV-
ChatGPT
37 used the SIV-
ChatGPT
8 did not use the SIV-
ChatGPT

0 loss to follow up
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45 participatedin T1
follow-up survey

0 loss to follow up
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45 participated in T2
follow-up survey

45 included in analysis

Ethical Consider ations

The Survey and Behavioral Research Ethics Committee of the
Chinese University of Hong Kong approved this study (SBRE
24-0263 and SBRE-20-670). The procedures of this study were
in accordance to the ethical standards of the ethical standards
of the aforementioned responsible committees and with the
WMA Declaration of Helsinki.

Theinterviewers screened prospective participantsfor digibility,
briefed them about the study, and guaranteed their anonymity
and right to quit at any time. Participants were briefed that their
chat history with SIV-ChatGPT would be encrypted and would
not be used by OpenAl or any third parties. Only the principal
investigator of thisstudy had accessto the data. The chat history
would be removed once the project ended. Participants were
asked whether they understood the briefing and whether they
were willing to join the study. A hotline was available for
inquiries. Since there was no face-to-face contact, verbal
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informed consent was obtained. Theinterviewerssigned aform
pledging that the participants had been fully informed about the
study. The recruitment and data collection methods were
identical between the SIV-ChatGPT group and the comparison
group. An HK $50 (US $6.4) supermarket coupon was given
after the completion of each survey.

Participants and Data Collection

The inclusion criteria of the SIV-ChatGPT group and the
comparison group were (1) aged =65 years, (2) possession of a
Hong Kong ID, (3) able to speak and comprehend Cantonese,
(4) smartphone users, and (5) no SIV uptakefor the approaching
flu season. The exclusion criteriainclude (1) with diagnosis of
cognitive impairment or dementia, (2) either blindness or
deafness, (3) with known contraindications to the SIV as
indicated by the Hong Kong Centre for Health Protection (eg,
history of severe dlergic reactions to any of the vaccine
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component or a previous dose of SIV and bleeding disorders)
[4].

We aimed to recruit 50 participants to use SIV-ChatGPT and a
similar number of participantsin the comparison group. Previous
surveys showed that 45% of community-dwelling Hong Kong
residents aged 65 years or older intended to receive a SIV for
the approaching flu season [19]. Assuming 40% (n=9) of
participants in the comparison group with an intention at
baseline would take up a SIV within 3 months (18% of 50
participants), such sample size could detect asmallest difference
of 25% in SIV uptake between the SIV-ChatGPT group and the
comparison group (n=22, 43% vs n=9, 18%; power 0.80, a=.05;
PASS 11.0, NCSS). Regarding the within-group changes in
outcomes, the sample size of the SIV-ChatGPT group could
detect a moderate before and after mean difference among
participants (Cohen d=0.40) viaa paired t test, with a power of
80% at an a level of 5% of a 2-tailed significance and a SD of
difference at 1.0.

Participants in the SIV-ChatGPT group were recruited through
random tel ephone calls, amethod we have used to recruit ol der
adultsin Hong Kong in our previousinterventional studies[20].
Over 90% of Hong Kong people aged =60 years have a
fixed-line number [21]. All household tel ephone numberslisted
in the up-to-date telephone directories (about 350,000 records)
were input into a spreadsheet file (Excel; Microsoft Corp).
About 1000 household fixed-line telephone numbers were
randomly selected. Trained telephone interviewers conducted
the telephone calls between 6 PM and 10 PM on weekdays and
between 2 PM and 9 PM on Saturdays to avoid undersampling
of working individuals. If no one in the selected household
answered theinitia call, 4 more follow-up calls were made on
different days and hours before the household was considered
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as nonvalid. If there was more than one eligible person in the
household, the one whose birthday is closest to the interview
date would be invited to join the study.

Development of SIV-ChatGPT

SIV-ChatGPT was supported by acomprehensive QA database.
The research team extracted SlV-related information from
governmental websites, literature reviews, our previous
surveys/interviews with older adults [22], and questions raised
by participants of previous SIV promotion programs [20]. A
panel consisting of investigators (experts in public health,
vaccination behaviors, and health psychology) and 5 older adults
held multiple meetings, taking the findings into account for
preparing comprehensive QA pairs concerning SIV.

SIV-ChatGPT used the following mechanism to generate
responses to users’ queries (Figure 2):

The QA database was applied with word embedding that
converted data into numerical representations and stored
in avector database.

The user's query was aso converted into numerical
representations. The system then selected documents from
the vector database that were most relevant to the query.
The relevancy was cal culated by both keyword search and
semantic similarity.

The system returned these highly relevant retrieved
documents that contained the answers to users queries.
The system then added these highly relevant documents to
the user’s query and fed both the documents together with
the query into the GPT4o viaa prompt.

The GPT4o generated responses based on both the user’'s
guery and these highly relevant documents, which ensured
that the responses were accurate and appropriate.

1

Figure 2. Conversation mechanism of seasonal influenza vaccination (SIV)-ChatGPT. QA: question-answer.
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Interfaces of SIV-ChatGPT are shown in Figure 3.

Participants' chat history with SIVV-ChatGPT was protected by

the OpenAl secure protocol. The datawas encrypted on OpenAl

Figure 3. Interface of seasona influenza vaccination (SIV)-ChatGPT.
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server, and would not be used by OpenAl or any third parties.
Only the principal investigator had access to the data. The chat
history was removed from the server once the project ended.
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What are the side effects of seasonal
T influenza vaccination?

Gased on the search results, side effects of
seasonalinfluenza vaccination are usually mild
and temporary. Here are some common side
effects.

1. Discomfort at the injection site: pain and
redness at the injection site

2. Mild symptoms: Some people will
experience fever, muscle pain and
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Validation of SIV-ChatGPT—Gener ated Responses

Similar to the approaches used in previous studies [14,23-25],
2 experts in vaccination behaviors independently evaluated
SIV-ChatGPT—generated responses to 20 randomly selected
open-ended Sl V-related questionstwice, 1 week apart. We used
the 3C criteria for our evaluation (Correct: accurate contents;
Clear: clear contents; and Concise: al available knowledge is
conveyed succinctly) [14]. A score was given to each criterion
for each response (4=completely correct, clear or concise,
3=almost correct, clear or concise, 2=partially correct, clear or
concise, and 1=completely incorrect, unclear or unconcise). The

https://www.jmir.org/2025/1/€76849
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tiredness 6-12 hours after the injection.
These symptoms usually will go away in 2
days.

3. Severe allergic reactions: although rare,
people could experience severe allergic
reactions such as swelling of the tongue,
difficulty in breathing. Please consulta
doctorimmediately.

4. Rare but severe side effects:

mean score was 3.9 (SD 0.3) for correct, clear, and concise,
which indicated that the overall contents were correct, clear,
and conciseto alarge degree. Theinter-rater reliability indicated
good agreement (absolute agreement: 96.7%), and test-retest
reliability indicated that the performance of SIV-ChatGPT was
stable over time (Cohen k 0.86).

The SIV-ChatGPT Group

SIV-ChatGPT, in the format of a web-based app, was not
publicly available at this stage. Participantsin the SIV-ChatGPT
group could access the app through alink/QR code sent by the
research team during theintervention period. A unique username

JMed Internet Res 2025 | vol. 27 | e76849 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

and password were assigned to each participant. The participants
needed to enter their username and password when they used
the app for the first time. Participants were invited to raise
open-ended questions related to SIV by typing in traditional
Chinese. SIV-ChatGPT answered these questions immediately
in the format of text messages. The functions can be used
repeatedly throughout the intervention period (1 month), and
participants were free to spend as much time as they wanted on
such functions.

The Comparison Group

Theresearch team did not inform participantsin the comparison
group about SIV-ChatGPT during the study period. Participants
in the SIV-ChatGPT group did not overlap with those in the
comparison group. It was possible for participantsin this group
to obtain information about SIV-ChatGPT from elsewhere (eg,
their peers) and approach the research team to use
SIV-ChatGPT. However, none of them made such a request
during the study period.

Outcome M easurements

We measured self-reported SIV uptake among participants in
both the SIV-ChatGPT group (measured at T1 and T2) and the
comparison group (measured at T2). Same as previous
interventional studies [20,26], the research team validated this
outcome by requesting the participants upload an image of their
SIV receipt, while hiding their personal identification, via
WhatsApp. No incentive will be given for validation. In
addition, behavioral intentionto receive SIV for the approaching
flu season and attitudes toward SIV (ie, perceived risk and
severity of influenza infection, perceived benefits, cost, and
self-efficacy related to SIV) were measured using validated
tools among participants in the SIV-ChatGPT group at TO and
T1[22].

The following outcomes were collected among participantsin
the SIV-ChatGPT group at T1, including (1) perceived usability
of SIV-ChatGPT assessed by the validated Chinese version of
the 10-item System Usability Scale (SUS) [27]; (2) extent of
usage documented by the intervention system; (3) subjective
experiencesrelated to behaviora (eg, low effortsisrequired for
using the technology), cognitive (eg, perceiving the technology
can support and motivate them to achieve their goal), and
affective (eg, enjoyment, satisfaction when using the technol ogy)
engagement measured by the validated Twente Engagement
with eHealth Technologies Scale (TWEETS) [28]; and (4) user’s
open-ended comments and suggestions on the use of

https://www.jmir.org/2025/1/€76849
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SIV-ChatGPT. With verbal informed consent, these comments
and suggestions were audio-recorded.

Statistical Analysis

Descriptive statistics were used to characterize the sample and
study outcomes. Between-group differences in baseline
characteristics were compared using chi-square tests. Since
there was no dropout at T2 and no missing dataat T1 and T2,
there was no need to fill in the missing outcomes.
Intention-to-treat analysis was used to test the between-group
difference in SIV uptake. Logistic regression model was used
to test the between-group differencein SIV uptake at T2, after
controlling for baseline background characteristics with P<.05
in between-group comparisons. Crude oddsratios (OR), adjusted
OR, and their 95% CI were obtained. Changes in behavioral
intention and attitudes related to SIV between T1 and TOinthe
SIV-ChatGPT group were investigated using McNemar tests
(for categorical variables) or paired-sample t tests (for
continuous variables). Analyses were conducted using SPSS
(version 26.0; IBM, SPSS Inc), and P<.05 was considered
statistically significant. Regarding qualitative feedback of
SIV-ChatGPT, the research team transcribed theinterviews and
kept acode book to record specia dataand transformed the data
into categoriesto identify main themes.

Results

Baseline Characteristics of Participants

From November 30, 2024 to January 14, 2025, 1028 households
were contacted to recruit participants of the SIV-ChatGPT
group, 59 had an eligible older adult, and 45 completed the
baseline survey. Regarding the prospective cohort, 1279
households were called to recruit participants, 172 households
had an eligible older adult, and 126 househol ds completed the
baseline survey. This study was based on a subsample of 55
participants who did not receive SIV for the approaching flu
season (since October 2024) during the recruitment period. At
baseline, the majority of the participantswere aged 65-69 years
(67/100, 67%), female (64/100, 64%), married or cohabiting
with a partner (56/100, 56%), and without atertiary education
(82/100, 82%). Among the participants, 46% (n=46) had at | east
one chronic condition, and 84% (n=84) reported a history of
confirmed COVID-19 infection. Lessthan half of them received
SIV in the previous flu season (October 2023 to September
2024) (42/100, 42%). Apart from the history of confirmed
SARS-CoV-2 infection (P=.02), no significant between-group
difference in baseline characteristics was found (Table 1).
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Table 1. Baseline characteristics of the participants.

Total (n=100), n (%)  SIV&ChatGPT group (n=45), n (%) Comparison group (n=55), n (%) P value

Sociodemographics

Age group (years)
65-69 67 (67) 28 (62.2) 39(70.9) _b
70-74 24 (24) 14 (31.1) 10 (18.2) —
275 9(9) 3(6.7) 6 (10.9) .29
Sex assigned at birth
Mae 36 (36) 12 (26.7) 24 (43.6) —
Female 64 (64) 33(73.3) 31(56.4) .08
Relationship status
Single 44 (44) 17 (37.8) 27 (49.1) —
Married or cohabiting with 56 (56) 28 (62.2) 28 (50.9) .26
apartner

Education level

Primary or below 19 (19) 7 (15.6) 12 (21.8) —

Secondary 63 (63) 29 (64.4) 34 (61.8) —

Tertiary or above 18 (18) 9 (20) 9(16.4) .70
Monthly household income, HK$ (US $)

<20,000 (2580) 73(73) 32(71.2) 41 (74.5) —

=20,000 (2580) 24 (24) 12 (26.7) 12 (21.8) —

Refuse to disclose 33 122 2(3.6) .80
Receiving CSSA°®

No 97 (97) 42 (93.3) 55 (100) —

Yes 3(3) 3(6.7) 0(0) .09
Living alone

No 72(72) 32 (71.1) 40 (72.7) —

Yes 28 (28) 13 (28.9) 15 (27.3) .86

Lifestyles and health conditions
Smoking in the past year

No 97 (97) 44 (97.8) 53 (96.4) —
Yes 3(3) 1(2.2) 2(3.6) 68
Bingedrinking in the past year
No 97 (97) 43 (95.6) 54 (98.2) —
Yes 3(3) 2 (4.4) 1(1.8) 44

Presence of some chronic condition, yes

Hypertension 38 (38) 20 (44.4) 18 (32.7) .23
Chronic cardiovascular dis- 3 (3) 3(6.7) 0(0) .09
eases

Chronic lung diseases 1(1) 0(0) 1(1.8) .36
Chronic liver diseases 4(4) 2(4.4) 2(3.6) .84
Chronic kidney diseases 0(0) 0(0) 0(0) —
Diabetes 16 (16) 6(13.3) 10 (18.2) 51
Any of above 46 (46) 23(51.1) 23(41.8) .35
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Total (n=100), n (%) SIV&ChatGPT group (n=45), n (%) Comparison group (n=55), n (%) P value
History of confirmed SARS-Cov-2 infection
No 16 (16) 3(6.7) 13(23.6) —
Yes 84 (84) 42 (93.3) 42 (76.4) .02
Vaccination history
Receiving seasonal influenza vaccination in the 2023/2024 flu season (October 2023 to September 2024)
No 58 (58) 29 (64.4) 29 (52.7) —
Yes 42 (42) 16 (35.6) 26 (47.3) 24
Number of doses of COVID-19 vaccination
>3 78 (78) 34(75.6) 44 (80) —
2 12 (12) 7(15.6) 5(9.1) —
0-1 10 (10) 4(8.9) 6 (10.9) .60

83)V: seasonal influenza vaccination.

BNot applicable. We used chi-square tests to compare the between-group difference in categorical data. Only one P value will be obtained from one

chi-sgquare test, regardless of the number of categories of this variable.

€CSSA: Comprehensive Social Security Assistance Scheme, which provides a safety net for Hong Kong residents who cannot support themselves

financially to meet their basic needs.

Actual Uptake, Behavioral Intention and Attitudes
Related to SIV

The number of participants who reported a SIV uptake was 6
(13.3%) at T1 and 15 (33%) in the SIV-ChatGPT group. At T2,
the SIV uptake rate was higher in the SIV-ChatGPT group than
the comparison group (15/45, 33% vs 8/56, 14.3%; OR 2.94,
95% ClI 1.11-7.77, P=.03; adjusted OR 2.72, 95% CI 1.01-7.35,
P=.05). All participants were ableto provide receiptsto validate
their SIV uptake. In the SIV-ChatGPT group, 40.5% (15/37)

https://www.jmir.org/2025/1/€76849

RenderX

of participants who used SIV-ChatGPT at least once reported
aSlV uptakeat T2, which was significantly higher than nonusers
(0/8, 0%; P=.04).

Among participantsin the SIV-ChatGPT group, the proportion
of participantswith anintention to receive SIV was significantly
higher at T1 (30/45, 66.7% vs 18/45, 40%; P<.001). However,
therewas no changein theitem response or scale scoresrelated
to attitudes toward SIV when comparing the levels measured
at T1 with TO (Table 2).
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Table 2. Changesin attitudes toward seasonal influenza vaccination (SIV) among participants in the SIV-ChatGPT group.

TO (n=45), n (%) T1 (n=45), n (%) P values
Behavioral intention to receive SIV, yes? 18 (40) 30(66.7) <.001
Per ceived susceptibility to seasonal influenza (high/very high)
If you do not receive SIV how high isyour chance of having seasonal influenza 13 (28.9) 14 (31.1) >.99
in the incoming flu season
Perceived severity of seasonal influenza (high/very high)
If you do not receive SIV, how high is your chance of having severeillness (eg, 17 (37.8) 21 (46.7) .39
bronchitis, pneumonia, brain lesions, or death) due to seasona influenza
If you do not receive SIV, how high is your chance of having co-infection of 17 (37.8) 24 (53.3) .07
seasond influenzaand COVID-19
If you get seasonal influenza, the ol der you are, the morelikely you areto become 37 (82.2) 35(77.8) .75
serioudly ill
Per ceived benefit of SIV (agree)
SIV ishighly effective in protecting you from seasonal influenza 30 (66.7) 31(68.9) >.99
SIV ishighly effective in preventing severe consequences of seasonal influenza 34 (75.6) 38(84.4) .34
SIV ishighly effectivein protecting your family membersfrom seasonal influen- 25 (55.6) 24 (53.3) >.99
za
Perceived Benefit Scale, mean (SD) 7.5(1.4) 7.6 (1.6) 84
Perceived barrier to receive SIV (agree)
SIV has severe side effects 6(13.3) 10 (22.2) .29
Item score, mean (SD) 1.8(0.7) 1.7 (0.8) .85
SIV istoo expensive for you 5(11.1) 4(8.9 >.99
Item score, mean (SD) 1.4(0.7) 1.5(0.7) .62
It isinconvenient for you to receive SIV 3(6.7) 3(6.7) >.99
Item score, mean (SD) 1.3(0.6) 1.2(0.5) .23
Your health conditions are not suitable for SIV 5(11.1) 7 (15.6) .69
Item score, mean (SD) 1.4(0.7) 1.3(0.7) 42
Per ceived self-efficacy (agree)
You are confident to receive SIV if you want to 39 (86.7) 41 (91.1) .69
Taking up SIV is easy for you 37(82.2) 41 (91.1) .29
Perceived Self-efficacy Scale, mean (SD) 5.5(0.9) 5.7 (0.9) 54

85jx participants who had received SIV at T1 were considered to have the intention to receive SIV in the analysis.

Usability and Engagement With SIV-ChatGPT

During the intervention period, 37 participants (82.2%) used
SIV-ChatGPT at least once (once: 26/45, 57.8%; twice: 7/45,
15.6%; and 3 times: 4/45, 8.9%). Among the users (n=37), over
70% agreed that the app was easy to use (26/37, 70.2%), the
variousfunctionsin the app werewell integrated (28/37, 75.6%),
and they were confident to use the app (26/37, 70.2%). About
30% of the users perceived the app was unnecessarily complex
(12/37, 32.4%), believed that they need support from atechnical
person to be able to use the app (12/37, 32.4%), found the app
very cumbersome to use (10/37, 27.0%), and thought that they

https://www.jmir.org/2025/1/€76849
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needed to learn alot before they could get going with the app
(11/37, 29.7%). The mean score of the SUSwas67.1 (SD 14.9).
Regarding behavioral engagement with SIV-ChatGPT, about
70% perceived the app was a part of their daily routine (24/37,
64.8%), easy to use (26/37, 70.2%), and able to use it as often
as they needed (31/37, 83.7%). In addition, 40.5% (n=15) of
the users believed that the app motivates them to receive SIV,
and 83.7% (n=31) agreed that the app hel ped them to get more
insight into SIV. Furthermore, about half of the users agreed
with the items reflecting affective engagement with the app
(Table 3).
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Table 3. Perceived usability and subjective engagement with seasonal influenza vaccination (SIV)-ChatGPT (among 37 SIV-ChatGPT users).

Category

Values, n (%)

Per ceived usability of the app (agree/strongly agree)
| think that | would like to use the app frequently
| found the app unnecessarily complex

| thought the app was easy to use

I think I would need the support from atechnical person to be able to use this app

| found the various functionsin this app were well integrated

| thought there was too much inconsistency in this app

| would imagine that most people would learn to use this app very quickly

| found the app very cumbersome to use

| felt very confident using the app

| needed to learn alot of things before | could get going with this app

Subj ective engagement with the app
Behavioral engagement (strongly agree/agree)
The app isapart of my daily routine
The app is easy to use
You are able to use the app as often as you needed
Cognitive engagement (strongly agree/agree)
The app makes it easier for me to work on my goal
The app motivates me to receive SIV
The app helps me to get more insight into SIV
Affective engagement (strongly agree/agree)
You enjoyed using the app
| enjoyed seeing the progress | made when using the app

The app fits me as a person

22 (59.4)
12 (32.4)
26 (70.2)
12 (32.4)
28 (75.6)
4(10.8)

24 (64.8)
10 (27)

26 (70.2)
11(29.7)

24 (64.8)
26 (70.2)
31(83.7)

29 (78.3)
15 (40.5)
31(83.7)

21 (56.7)
21 (56.7)
19 (51.3)

Qualitative Feedback of SIV-ChatGPT and Sample
Quotes

We identified two themes related to the strengths of the app:
(2) ableto obtain comprehensiveinformation by using the app,
and (2) information provided by the app is credible, useful, and
easy to understand. Four other themeswererelated to areas that
needed improvement: (1) difficulties to login the web-based

https://www.jmir.org/2025/1/€76849

app, (2) too many wordsin responses generated by the app, (3)
font size of responses generated by the app was too small for
older adults, and (4) suggestions for providing information
related to other common chronic conditionsin addition to SIV.
Sample quotes for the above themes were listed in Table 4. We
did not receive complaints about  erroneous
recommendations/responses from users during the study period.
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Table 4. Qualitative feedback of seasonal influenza vaccination (SIV)-ChatGPT and sample quotes.

Themes

Sample quotes

Able to obtain comprehensive information by using
the app

Information provided by the app is credible, useful
and easy to understand

Difficulties to login the app

Too many words in responses generated by the app

Font size of responses generated by the app was too

“My knowledge (related to seasonal influenza) increased after using the Application”
[Informant 12, female, aged 67 years, used SIV-ChatGPT twice]

“1 can learn more about seasonal influenza. Theinformation iscomprehensive” [Informant
24, female, aged 67 years, used SIV-ChatGPT for 3 times]

“Information provided by the Application was identical to those in the materials provided
by local hospitals’ [Informant 43, female, aged 74 years, used SIV-ChatGPT once]

“The Application has done well in promoting older adults to receive SIV” [Informant 4,

aged 71 years, used SIV-ChatGPT once]

“The Application can explain who needsto receive SIV in simple terms” [Informant 15,

aged 69 years, used SIV-ChatGPT once]

“| cannot login the Application. | have to ask my husband to help me” [Informant 16, fe-
male, aged 67 years, used SIV-ChatGPT once]

“Thelogin wastoo difficult for me. | tried but failed. Then | gave up” [Informant 28, female,
aged 67 years, did not use SIV-ChatGPT]

“1 had to ask my children to help me login. They are not around. So | did not use the Ap-
plication” [Informant 7, male, aged 73 years, did not use SIV-ChatGPT]

“Better to reduce the number of words (in SIV-ChatGPT-generated responses). Too many
words now. Adding figureswill make the contents more clear” [Informant 3, female, aged
71 years, used SIV-ChatGPT twice]

“Too many words. Need to spend quite sometimeto read it through” [Informant 14, male,
aged 69 years, used SIV-ChatGPT once]

“The communication issmooth. Larger font sizewill be better for older adults” [Informant

small

Providing information related to other common .
chronic conditions in addition to SIV

42, male, aged 67 years, used SIV-ChatGPT once]

“Better to cover information of other common chronic conditions’ [Informant 6, female,
aged 70 years, used SIV-ChatGPT once]

Discussion

Principal Findings

Thiswas one of thefirst studiesthat examined the effectiveness,
usability, and feasibility of ChatGPT in increasing vaccination
uptake among older adults. Other strengths of this study included
the use of RAG and a comprehensive QA database to increase
the accuracy of ChatGPT-generated responses, having
independent experts to validate the accuracy of the response,
and using arandom and popul ation-based samplefor evaluation.
Therefore, our findings contributed to the development of new
methodsto increase SIV uptake among adults aged 65 years or
older.

Inlinewith our hypothesis, the validated SIV uptake ratein the
SIV-ChatGPT group was significantly higher than that of the
comparison group (15/45, 33.3% vs 8/55, 14.3%; P=.048).
Within the SIV-ChatGPT group, those who had used the
ChatGPT at least oncereported significantly higher SIV uptake
than nonusers (n=15, 40.6% vs n=0, 0%; P=.04). Thesefindings
provided preliminary evidence supporting the effectiveness of
SIV-ChatGPT in increasing SIV uptake. Our project started 2
months after the rollout of the governmental SIV program in
October 2024. Statistics showed that the mgjority of the older
adults in Hong Kong who planned to receive SIV for the
approaching flu season would receive the vaccine 1-2 months
after the program rollout [6]. It was possible that our sample
represented a group of older adults who were more hesitant to
receive SIV. Meta-analysis indicated that providing adequate

https://www.jmir.org/2025/1/€76849

information could significantly increase SIV uptake compared
with no intervention [7]. Reflected by users qualitative
feedback, the ability to generate comprehensive and credible
responses that were easy to understand might contribute to the
effectiveness of SIV-ChatGPT. A rule-based chatbot was
developed to promote SIV in the same popul ation between 2021
and 2022 [20]. The chatbot operated based on predetermined
rules but could not address users' questions in real-time. Half
of the users of this chatbot received an SIV 6 months after
completion of the interventions. Such SIV uptake rate was
slightly higher than that observed in the SIV-ChatGPT group
over a shorter follow-up period (2 months after completion of
theinterventions). In thefuture, ahybrid chatbot that combines
therule-based chatbot and SIV-ChatGPT should be considered.
The rule-based part ensures carefully designed interventions
are delivered as intended, while the ChatGPT part enables the
chatbot to better understand users’ questions and to generate
real-time responses. Such a combination may improve
effectiveness and user experience.

The usability of SIV-ChatGPT was supported by the mean SUS
score of 67.1 out of 100, which was close to the cut-off of
“good” (ascoreof 71.4) [29]. Over 80% of the older adultsused
SIV-ChatGPT at least once. The extent of use was dlightly
higher than the level for a rule-based chatbot promoting SIV
uptake in the same age group (77.3%) [20]. In addition, the
levels of subjective behavioral and cognitive engagement with
SIV-ChatGPT were relatively high. However, the usability and
acceptability dataalso suggested aneed for improvement. About
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30% of the usersfound SIV-ChatGPT complex and cumbersome
to use, and they needed to learn a lot of things or sought help
from other peopleto useit. Theseissues might negatively affect
the level of affective engagement with SIV-ChatGPT, which
was only moderate in this study (about 50% of users agreed
with relevant items). Qualitative feedback from the participants
suggested possible causes of these issues and ways for
improvement. First, we assigned a unique username and
password (a combination of both letters and numbers) to each
participant in the SIV-ChatGPT group to facilitate user
monitoring and to avoid contamination. However, thisapproach
created unexpected difficulties for older adults to log in to the
web-based app. Some participantsreported difficulties entering
the username or password on their mobile devices; a few of
them gave up using SIV-ChatGPT due to such difficulties. In
the future, older adults should be able to access SIV-ChatGPT
without any login procedures. Second, some users commented
that there were too many words in the ChatGPT-generated
responses, and the font sizewastoo small for them. They wished
the responses could involve figures and videos to present
complex health communication messages. It is feasible to
provide a choice of font size to cater to the needs of users of
different age groups in the future. However, human-LLM
interactions currently mainly rely on text interaction, which
may be a constraint for ChatGPT and other LLM chatbots.
Moreover, userswished SIV-ChatGPT could cover information
of other chronic conditions. Therefore, the QA databases should
be expanded to cover common chronic conditions among local
older adults.

Limitations

This study has some limitations. First, we were not able to use
arandomized controlled trial to evaluate SIV-ChatGPT due to
the constraints of funding and resources. The recruitment and
data collection methods of the comparison group wereidentical
to the SIV-ChatGPT group, and the baseline characteristics
were similar between groups. However, the quasi-experimental
design could not control for all factors that affect the internal
validity, and could only provide supportive evidence about the
effectiveness. Second, the sample size was relatively small,
which precludes the examination of SIV-ChatGPT's
effectiveness in different subgroups. The sample size of the
SIV-ChatGPT group was comparable to previous studies
evaluating the usability and acceptability of chatbots [30,31].
Third, we were not able to observe the long-term effects of
SIV-ChatGPT due to the short follow-up duration. Fourth, the
intervention was limited to adults aged 65 years or older who
had access to smartphones. In Hong Kong, 96.4% of residents
aged 60 years or older owned a smartphone in 2023, and
WhatsApp is the most commonly used instant messaging app

Acknowledgments

Wang et al

inthecity [32]. It isexpected that very few older adultsin Hong
Kong do not have access to a smartphone or WhatsApp. Fifth,
people aged 75 years or older were undersampled in this study
[33]. The income, education level, and presence of chronic
conditions among our participants in the SIV-ChatGPT group
and the comparison group were similar to those of a more
representative samplein arecent random telephone survey [19].
Since older age was associated with poorer digital literacy, the
effectiveness, usability, and acceptability of SIV-ChatGPT
might be overestimated in this study [34]. Sixth, 24% (n=14)
of older adults, of whom we were unable to collect their
information, were assessed for eligibility but refused to use
SIV-ChatGPT. It was possible that older adultswho had ahigher
motivation to receive an SIVV would be morewilling to join this
study. Such self-selection bias would aso lead to an
overestimation of the effectiveness, usability, and acceptability
of SIV-ChatGPT. Moreover, behavioral intention, attitudes,
usability, and subjective engagement were self-reported and
could not be validated. Participants might over-report these
outcomesdueto social desirability. Furthermore, this study was
conducted in Hong Kong. Due to the difference in health care
system, vaccination delivery models, digital literacy, and cultural
factors, the findings might not be applicable to other settings,
especidly in low-and-middle-income countries (LMICs).
ChatGPT is usualy operated through smartphones, which
presents challenges to its accessibility in LMICs. Moreover,
ChatGPT may require some digital literacy to operate, which
could be challenging for individuals of low socioeconomic
status. Future studies should explore the feasibility of the
SIV-ChatGPT in LMICs. Nevertheless, the findings must be
considered preliminary and hypothesis testing. Last but not
least, the selection of the intervention period (1 month) was
mainly based on the scope of funding and project period.

Conclusions

In sum, SIV-ChatGPT in the format of a web-based app was
feasible and acceptable and demonstrated preliminary
effectiveness in increasing SIV uptake among people aged 65
years or older in Hong Kong. This study also provided
implications to improve the performance of SIV-ChatGPT. A
full-powered randomized controlled trial should be considered
in the future to evaluate its efficacy. SIV-ChatGPT, if proven
to be efficacious by the randomized controlled trial, will provide
a sustainable approach to supplement the existing methods of
SIV information dissemination (mass media, webpage, posters).
SIV-ChatGPT could be adopted by governmental and
nongovernmental organizations serving older adults, and
governmental vaccination webpages to enhance the effectiveness
of governmental SIV programs.
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