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A systematic review of artificial intelligence 
chatbots for promoting physical activity, healthy 
diet, and weight loss
Yoo Jung Oh1* , Jingwen Zhang1,2, Min‑Lin Fang3 and Yoshimi Fukuoka4 

Abstract 

Background: This systematic review aimed to evaluate AI chatbot characteristics, functions, and core conversational 
capacities and investigate whether AI chatbot interventions were effective in changing physical activity, healthy eat‑
ing, weight management behaviors, and other related health outcomes.

Methods: In collaboration with a medical librarian, six electronic bibliographic databases (PubMed, EMBASE, ACM 
Digital Library, Web of Science, PsycINFO, and IEEE) were searched to identify relevant studies. Only randomized con‑
trolled trials or quasi‑experimental studies were included. Studies were screened by two independent reviewers, and 
any discrepancy was resolved by a third reviewer. The National Institutes of Health quality assessment tools were used 
to assess risk of bias in individual studies. We applied the AI Chatbot Behavior Change Model to characterize compo‑
nents of chatbot interventions, including chatbot characteristics, persuasive and relational capacity, and evaluation of 
outcomes.

Results: The database search retrieved 1692 citations, and 9 studies met the inclusion criteria. Of the 9 studies, 4 
were randomized controlled trials and 5 were quasi‑experimental studies. Five out of the seven studies suggest chat‑
bot interventions are promising strategies in increasing physical activity. In contrast, the number of studies focusing 
on changing diet and weight status was limited. Outcome assessments, however, were reported inconsistently across 
the studies. Eighty‑nine and thirty‑three percent of the studies specified a name and gender (i.e., woman) of the 
chatbot, respectively. Over half (56%) of the studies used a constrained chatbot (i.e., rule‑based), while the remaining 
studies used unconstrained chatbots that resemble human‑to‑human communication.

Conclusion: Chatbots may improve physical activity, but we were not able to make definitive conclusions regarding 
the efficacy of chatbot interventions on physical activity, diet, and weight management/loss. Application of AI chat‑
bots is an emerging field of research in lifestyle modification programs and is expected to grow exponentially. Thus, 
standardization of designing and reporting chatbot interventions is warranted in the near future.

Systematic review registration: International Prospective Register of Systematic Reviews (PROSPERO): CRD42 02021 
6761.

Keywords: Artificial intelligence, Chatbot, Conversational agent, Physical activity, Weight loss, Weight maintenance, 
Diet, Nutrition, Sedentary behavior, Systematic review
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Background
Artificial Intelligence (AI) chatbots, also called conversa-
tional agents, employ dialogue systems to enable natural 
language conversations with users by means of speech, 

Open Access

*Correspondence:  yjeoh@ucdavis.edu
1 Department of Communication, University of California Davis, Davis, 
USA
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-7829-8535
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020216761
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020216761
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-021-01224-6&domain=pdf


Page 2 of 25Oh et al. Int J Behav Nutr Phys Act          (2021) 18:160 

text, or both [1]. Powered by natural language process-
ing and cloud computing infrastructures, AI chatbots 
can participate in a broad range, from constrained (i.e., 
rule-based) to unconstrained conversations (i.e., human-
to-human-like communication) [1]. According to a Pew 
Research Center survey, 46% of American adults interact 
with voice-based chatbots (e.g., Apple’s Siri and Amazon’s 
Alexa) on smartphones and other devices [2]. The use of 
AI chatbots in business and finance is rapidly increasing; 
however, their use in lifestyle modification and health 
promotion programs remains limited.

Physical inactivity, poor diet, and obesity are global 
health issues [3]. They are well-known modifiable risk 
factors for cardiovascular diseases, type 2 diabetes, cer-
tain types of cancers, cognitive decline, and premature 
death [3–6]. However, despite years of attempts to raise 
awareness about the importance of physical activity (PA) 
and healthy eating, individuals often do not get enough 
PA nor do they have healthy eating habits [7, 8], result-
ing in an increasing prevalence of obesity [9, 10]. With 
emerging digital technologies, there has been an increas-
ing number of programs aimed at promoting PA, healthy 
eating, and/or weight loss, that utilize the internet, 
social media, and mobile devices in diverse populations 
[11–14]. Several systematic reviews and meta-analyses 
[15–19] have shown that these digital technology-based 
programs resulted in increased PA and reduced body 
weight, at least for a short duration. While digital tech-
nologies may not address environmental factors that 
constrain an individual’s health environment, technol-
ogy-based programs can provide instrumental help in 
finding healthier alternatives or facilitating the creation 
of supportive social groups [13, 14]. Moreover, these 
interventions do not require traditional in-site visits, and 
thus, help reduce participants’ time and financial costs 
[16]. Albeit such potentials, current research programs 
are still constrained in their capacity to personalize the 
intervention, deliver tailored content, or adjust the fre-
quency and timing of the intervention based on individ-
ual needs in real time.

These limitations can be overcome by utilizing AI chat-
bots, which have great potential to increase the accessi-
bility and efficacy of personalized lifestyle modification 
programs [20, 21]. Enabling AI chatbots to communicate 
with individuals via web or mobile applications can make 
these personalized programs available 24/7 [21, 22]. 
Furthermore, AI chatbots provide new communication 
modalities for individuals to receive, comprehend, and 
utilize information, suggestions, and assistance on a per-
sonal level [20, 22], which can help overcome one’s lack 
of self-efficacy or social support [20]. AI chatbots have 
been utilized in a variety of health care domains such as 
medical consultations, disease diagnoses, mental health 

support [1, 23], and more recently, risk communications 
for the COVID-19 pandemic [24]. Results from a few sys-
tematic reviews and meta-analyses suggest that chatbots 
have a high potential for healthcare and psychiatric use, 
such as promoting antipsychotic medication adherence 
as well as reducing stress, anxiety, and/or depression 
symptoms [1, 25, 26]. However, to the best of our knowl-
edge, none of these studies have focused on the efficacy 
of AI chatbot-based lifestyle modification programs and 
the evaluation of chatbot designs and technologies.

Therefore, this systematic review aimed to describe AI 
chatbot characteristics, functions (e.g., the chatbot’s per-
suasive and relational strategies), and core conversational 
capacities, and investigate whether AI chatbot interven-
tions were effective in changing PA, diet, weight manage-
ment behaviors, and other related health outcomes. We 
applied the AI Chatbot Behavior Change Model [22], 
designed to inform the conceptualization, design, and 
evaluation of chatbots, to guide our review. The system-
atic review provides new insights about the strengths and 
limitations in current AI chatbot-based lifestyle modifi-
cation programs and can assist researchers and clinicians 
in building scalable and personalized systems for diverse 
populations.

Methods
The protocol of this systematic review was registered 
at the International Prospective Register of Systematic 
Reviews (PROSPERO) (ID: CRD42020216761). The sys-
tematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analysis guidelines.

Eligibility criteria
Table  1 shows the summary of the inclusion and exclu-
sion criteria of the study characteristics based on the 
PICOS framework (i.e., populations/participants, inter-
ventions and comparators, outcome(s) of interest, and 
study designs/type) [27]. We included peer-reviewed 
papers or conference proceedings that were available 
in full-text written in English. Review papers, proto-
cols, editorials, opinion pieces, and dissertations were 
excluded.

Information sources and search strategy
In consultation with a medical librarian (MF), pre-
planned systematic search strategies were used for six 
electronic databases (PubMed, EMBASE, ACM Digital 
Library, Web of Science Core Collection, PsycINFO, and 
IEEE). A combination of MeSH/Emtree terms and key-
word searches were used to identify studies on AI chatbot 
use in lifestyle changes; the comprehensive search strate-
gies for each database are provided in Additional  file  1. 
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Further, hand-searching was done to ensure that relevant 
articles were not missed during the data collection. The 
searches were completed on November 14, 2020. No date 
limits were applied to the searches.

Study selection
All retrieved references were imported into the Endnote 
reference management software [28], and duplicates 
were removed. The remaining references were imported 
into the Covidence systematic review software [29], and 
additional duplicates were removed. Before screening the 
articles, three researchers (YO, JZ, and YF) met to dis-
cuss the procedure for title and abstract screening using 
20 randomly selected papers. In the first phase of screen-
ing, two researchers (YO and JZ) independently assessed 
all study titles and abstracts against the eligibility cri-
teria in Table 1. The agreement in the abstract and title 
screening between the two reviewers was 97.4% (Cohen’s 
Kappa = .725). Then, they (YO and JZ) read the remain-
ing studies in full length. The agreement for full text 
screening was 91.9% (Cohen’s Kappa = .734). Discrepan-
cies at each stage were resolved through discussion with 
a third researcher (YF).

Data collection process and data items
Data extraction forms were developed based on the AI 
Chatbot Behavior Change Model [22], which provides 
a comprehensive framework for analyzing and evaluat-
ing chatbot designs and technologies. This model con-
sists of four major components that provide guidelines 
to develop and evaluate AI chatbots for health behav-
ior changes: 1) designing chatbot characteristics and 

understanding user background, 2) building relational 
capacity, 3) building persuasive capacity, and 4) evalu-
ating mechanisms and outcomes. Based on the model, 
the data extraction forms were initially drafted by YF 
and discussed among the research team members. One 
researcher (YO) extracted information on study and sam-
ple characteristics, chatbot characteristics, intervention 
characteristics, outcome measures and results for main 
outcomes (i.e., PA, diet, and weight loss) and secondary 
outcomes (i.e., engagement, acceptability/satisfaction, 
adverse events, and others). Study and sample charac-
teristics consisted of study aim, study design, theoretical 
framework, sample size, age, sex/gender, race/ethnicity, 
education, and income. Chatbot characteristics included 
the systematic features the chatbots were designed with 
(i.e., chatbot name and gender, media, user input, conver-
sation initiation, relational capacity, persuasion capacity, 
safety, and ethics discussion). Intervention characteris-
tics included information such as intervention duration 
and frequency, intervention components, and techno-
logical features (e.g., system infrastructure, platform). 
Two researchers (YF and JZ) independently validated the 
extracted data.

Quality assessment and risk of bias
Two reviewers (YO and JZ) independently evaluated the 
risk of bias of included studies using the two National 
Institutes of Health (NIH) quality assessment tools [30]. 
Randomized controlled trials (RCTs) were assessed for 
methodological quality using the NIH Quality Assess-
ment of Controlled Intervention Studies. For quasi-
experimental studies, the NIH Quality Assessment Tool 

Table 1 Summary of inclusion and exclusion criteria

AI artificial intelligence, PA physical activity
a  Users can only respond by selecting predefined conversational lines
b  Users can respond freely by inputting natural conversational lines
c  Usual care group refers to the research group where individuals receive routine care from health care providers

Inclusion criteria Exclusion criteria

P Populations/participants Adults and/or children who use AI chatbots for PA, diet, 
and/or weight management

None

I Interventions Constraineda and/or  unconstrainedb text and/or speech‑
based AI chatbots operating as standalone software or 
via a web browser or mobile application

Chatbots that are part of virtual reality, augmented reality, 
embodied agents, and/or therapeutic robots

C Comparators With or without a usual care  groupc, comparison group, 
or an attention control group

None

O Outcome(s) Main outcomes: Changes in self‑reported and/or objec‑
tively measured PA, sedentary behavior, diet, and/or body 
weight
Secondary outcomes: Feasibility, acceptability, safety 
(e.g., adverse events, injury), and/or user satisfaction of 
chatbots if available

Studies that report only chatbot infrastructure or algorithm 
designs

S Study designs/types Randomized controlled trials or quasi‑experimental 
studies

Qualitative studies, case‑control studies, cross‑sectional 
studies, or cohort studies
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for Before-After (Pre-Post) Studies with No Control 
Group was used. Using these tools, the quality of each 
study was categorized into three groups (“good,” “fair,” 
and “poor”). These tools were used to assess confidence 
in the evaluations and conclusions of this systematic 
review. We did not use these tools to exclude the findings 
of poor quality studies. It should be noted that the studies 
included in this systematic review were behavioral inter-
vention trials targeting individual-level outcomes. There-
fore, criteria asking 1) whether participants did not know 
which treatment group they were assigned to and 2) the 
statistical analyses of group-level data were considered 
inapplicable.

Synthesis of results
Due to the heterogeneity in the types of study outcomes, 
outcome measures, and clinical trial designs, we qualita-
tively evaluated and synthesized the results of the studies. 
We did not conduct a meta-analysis and did not assess 
publication bias.

Results
Study selection
Figure  1 shows the study selection process. The search 
yielded 2360 references in total, from which 668 dupli-
cates were removed. A total of 1692 abstracts were then 
screened, among which 1630 were judged ineligible, leav-
ing 62 papers to be read in full text. In total, 9 papers met 
the eligibility criteria and were included.

Summary of study designs and sample characteristics
The 9 included papers had been recently published (3 
were published in 2020 [20, 31, 32], 4 in 2019 [21, 33–
35], and 2 in 2018 [36, 37]). Table  2 provides details of 
the characteristics of each study. Two studies [21, 37] 
were conducted in the United States and the remaining 
7 were conducted in Switzerland [31, 33, 36], Australia 
[20], South Korea [32], and Italy [34] (1 not reported 
[35]). In total, 891 participants were represented in the 
9 studies, with sample sizes ranging from 19 to 274 par-
ticipants. The mean age of the samples ranged from 15.2 

Fig. 1 Flow diagram of the article screening process
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to 56.2 years (SD range = 2.0 to 13.7), and females/women 
represented 42.1 to 87.9% of the sample. One study [21] 
solely targeted an adolescent population, whereas most 
studies targeted an adult population [20, 31–35, 37]. One 
study [36] did not report the target population’s age. Par-
ticipants’ race/ethnicity information was not reported in 
8 out of the 9 studies. The study [21] that reported par-
ticipants’ race/ethnicity information included 43% His-
panic, 39% White, 9% Black, and 9% Asian participants. 
Participants’ education and income backgrounds were 
not reported in 5 out of the 9 studies. Among the 4 stud-
ies [31, 34, 35, 37] that reported the information, the 
majority included undergraduate students or people with 
graduate degrees. Overall, reporting of participants’ soci-
odemographic information was inconsistent and insuffi-
cient across the studies.

Five studies employed quasi-experimental designs [20, 
21, 35–37], and 4 were RCTs [31–34]. Only 5 studies [21, 
31, 32, 35, 37] used at least one theoretical framework. 
One was guided by 3 theories [35] and another by 4 theo-
ries [21]. The theories used in the 5 studies included the 
Health Action Process Approach (n = 2), the Habit For-
mation Model (n = 1), the Technology Acceptance Model 
(n = 1), the AttrakDiff Model (n = 1), Cognitive Behavio-
ral Therapy (n = 1), Emotionally Focused Therapy (n = 1), 
Behavioral Activation (n = 1), Motivational Interview-
ing (n = 1), and the Structured Reflection Model (n = 1). 
It is notable that most of these theories were used to 
design the intervention contents for inducing behavioral 
changes. Only the Technology Acceptance Model and the 
AttrakDiff Model were relevant for guiding the designs of 
the chatbot characteristics and their technological plat-
forms, independent from intervention contents.

Summary of intervention and chatbot characteristics
Figure 2 provides a visual summary of AI chatbot char-
acteristics and intervention outcomes, and Table  3 pro-
vides more detailed information. The 9 studies varied in 
intervention and program length, lasting from 1 week to 
3 months. For most studies (n = 8), the chatbot was the 
only intervention component for delivering contents and 
engaging with the participants. One study used multi-
intervention components, and participants had access 
to an AI chatbot along with a study website with educa-
tional materials [20]. A variety of commercially available 
technical platforms were used to host the chatbot and 
deliver the interventions, including Slack (n = 2), Kakao-
Talk (n = 1), Facebook messenger (n = 3), Telegram mes-
senger (n = 1), WhatsApp (n = 1), and short messaging 
services (SMS) (n = 2). One study used 4 different plat-
forms to deliver the intervention [21], and 2 studies used 
a chatbot app (i.e., Ally app) that was available on both 
Android and iOS systems [31, 33].

Following the AI Chatbot Behavior Change Model [22], 
we extracted features of the chatbot and intervention 
characteristics (Table  3). Regarding chatbot characteris-
tics, identity features, such as specific names (n = 8) [20, 
21, 31–33, 35–37] and chatbot gender (n = 3) [20, 31, 33], 
were specified. Notably, the chatbot gender was woman 
in the 3 studies that reported it [20, 31, 33]. All 9 chatbots 
delivered messages in text format. In addition to text, 3 
chatbots used graphs [31, 33, 37], 2 used images [32, 35], 
1 used voice [21], and 1 used a combination of graphs, 
images, and videos [36].

In 5 studies, the chatbots were constrained (i.e., users 
could only select pre-programmed responses in the chat) 
[31, 33–36], and in 4, the chatbots were unconstrained 
(i.e., users could freely type or speak to the chatbot) [20, 
21, 32, 37]. Six chatbots [31–34, 36, 37] delivered daily 
intervention messages to the study participants. One 
chatbot communicated only on a weekly basis [20], and 
1 communicated daily, weekly, on weekends or weekdays 
or at a scheduled date and time [35]. One study did not 
specify when and how often the messages were deliv-
ered [21]. Only 3 chatbots [20, 21, 32] were available on-
demand so that users could initiate conversation at any 
preferred time. Most chatbots were equipped with rela-
tional capacity (n = 8; i.e., conversation strategy to estab-
lish, maintain, or enhance social relationships with users) 
and persuasive capacity (n = 9; i.e., conversation strategy 
to change user’s behaviors and behavioral determinants), 
meaning that the conversations were designed to induce 
behavioral changes while engaging with users socially. 
While only 1 study [21] documented data security, none 
of the studies provided information on participant safety 
or ethics (i.e., ethical principle or standards with which 
the chatbot is designed).

Summary of outcome measures and changes in outcomes
Figure  2 also illustrates the outcome measures and 
changes in the main and secondary outcomes reported 
in both RCTs and quasi-experimental studies. Among 7 
studies that measured PA [20, 21, 31–33, 35, 37], 2 used 
objective measures [31, 33], 4 used self-reported meas-
ures [20, 21, 32, 35], and 1 used both [37]. Self-reported 
dietary intake was measured in 4 studies [20, 34–36]. 
Only 1 study assessed objective changes in weight in 
a research office visit [20]. Details of intervention out-
comes, including direction of effects, statistical signifi-
cance, and magnitude, are presented in Table 4.

Sample sizes of the 4 RCT studies ranged from 106 to 
274 and a priori power analyses were reported in 3 [31, 
32, 34], which showed that the sample sizes had suffi-
cient power for analyzing the specified outcomes. Of the 
4 RCT studies [31–34], 3 reported PA outcomes using 
daily step count [31, 33] and a self-reported habit index 
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[32]. In these RCTs, the AI chatbot intervention group 
resulted in a significant increase in PA, as compared 
to the control group, over the respective study period 
(6 weeks to 3 months). In terms of dietary change, 1 study 
[34] reported that participants in the intervention group 
showed higher self-reported intention to reduce red and 

processed meat consumption compared to the control 
group during a 2-week period.

In contrast, sample sizes for the 5 quasi-experimental 
studies were small, ranging from 19 to 36 participants, 
suggesting that these studies may lack statistical power 
to detect potential intervention effects. Among the 5 

Fig. 2 Summary of chatbot characteristics and intervention outcomes
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quasi-experimental studies, 2 [21, 37] reported only 
PA change outcomes, 1 [36] reported only diet change 
outcomes, and 2 [20, 35] reported both outcomes. With 
regard to PA-related outcomes, 2 studies reported sta-
tistically significant improvements [20, 37]. Specifically, 
[20] observed increased moderate and vigorous PA over 
the study period [37]. found a significant increase in the 
habitual action of PA. One study [35] found no differ-
ence in PA intention within the intervention period. 
Although this study did not observe a statistically sig-
nificant increase in PA intention, it revealed that among 
participants with either high or low intervention adher-
ence, their PA intention showed an increasing trend 
over the study period [21]. only reported descriptive 
statistics and showed that participants experienced 
positive progress towards PA goals 81% of the time.

Among the quasi-experimental studies, only 1 study 
reported a statistically significant increase in diet adher-
ence over 12 weeks [20] [35]. reported no difference of 
healthy diet intention over 3 weeks. In this study, par-
ticipants with high intervention adherence showed a 
marginal increase, whereas, those with low adherence 
showed decreased healthy diet intention [36]. reported 
that participants’ meal consumption improved in 65% 
of the cases. The only study [20] reporting pre-post 
weight change outcomes using objective weight meas-
ures showed that participants experienced a significant 
weight loss (1.3 kg) from baseline to 12 weeks. To sum-
marize, non-significant findings and a lack of statistical 
reporting were more prevalent in the quasi-experimen-
tal studies, but the direction of intervention effects 
were similar to those reported in the RCTs.

Engagement, acceptability/satisfaction, and safety 
measures were reported as secondary outcomes in 7 
studies [20, 21, 31, 33, 35–37]. Five studies reported 
engagement [20, 21, 31, 33, 37] using various types of 
measurements, such as user response rate to chatbot 
messages [31], frequency of users’ weekly check-ins 
[20], and length of conversations between the chatbot 
and users [21]. Three studies measured acceptability/
satisfaction of the chatbot [21, 35, 36] using measures 
such as technology acceptance [35], helpfulness of the 
chatbot [21], and perceived efficiency of chatbot com-
munications [36]. Regarding reporting of adverse 
events (e.g., experiencing side effects from interven-
tions), only 1 study reported that no adverse events 
related to study participation were experienced [20]. 
Three studies reported additional measures, including 
feasibility of subject enrollment [20], using the Attrak-
Diff questionnaire for measuring four aspects of the 
chatbot (i.e., pragmatic, hedonic, appealing, social) 
[35], and assessing perceived mindfulness about own 
behaviors [37].

Among 5 studies that reported engagement [20, 21, 
31, 33, 37], only 1 [33] reported statistical significance of 
the effects of intrinsic (e.g., age, personality traits) and 
extrinsic factors (e.g., time and day of the delivery, loca-
tion) on user engagement (e.g., conversation engage-
ment, response delay). Among 3 studies [21, 35, 36] that 
reported acceptability/satisfaction, 1 study [35] found 
that the acceptability of the chatbot was significantly 
higher than the middle score corresponding to “neutral” 
(i.e., 4 on a 7-point scale). One study that reported the 
safety of the intervention did not include statistical sig-
nificance [20]. Three studies reported other measures [20, 
35, 37], and 1 found that pragmatic, hedonic, appealing, 
and social ratings of the chatbot were significantly higher 
than the middle score [35]. Another study [37] found no 
significant changes in the perceived mindfulness between 
pre- and post-study.

Summary of quality assessment and risk of bias
The results of risk of bias assessments of the 9 stud-
ies are reported in Additional file 2. Of the 4 RCT stud-
ies [31–34], 3 were rated as fair [31, 32, 34] and 1 was 
rated as poor [33] due to its lack of reporting of several 
critical. The poorly rated study did not report overall 
dropout rates or the differential dropout rates between 
treatment groups, did not report that the sample size 
was sufficiently large to be able to detect differences 
between groups (i.e., no power analysis), and did not pre-
specify outcomes for hypothesis testing. Of the 5 quasi-
experimental studies [20, 21, 35–37], 1 study was rated 
as fair [20] and 4 studies were rated as poor [21, 35–37] 
due to flaws with regard to several critical. These studies 
reported neither a power analysis to ensure that the sam-
ple size was sufficiently large, nor follow-up rates after 
baseline. Additionally, the statistical methods did not 
examine pre-to-post changes in outcome measures and 
lacked reporting of statistical significance.

Discussion
This systematic review aimed to evaluate the characteris-
tics and potential efficacy of AI chatbot interventions to 
promote PA, healthy diet, and/or weight management. 
Most studies focused on changes in PA, and majority 
[20, 31–33, 37] reported significant improvements in 
PA-related behaviors. The number of studies with the 
aim to change diet and weight status was small. Two 
studies [20, 34] found significant improvements in diet-
related behaviors. Although only 1 study [20] reported 
weight-related outcomes, it reported significant weight 
change after the intervention. In summation, chatbots 
can improve PA, but the study not able to make definitive 
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conclusions on the potential efficacy of chatbot interven-
tions on promoting PA, healthy eating, or weight loss.

This qualitative synthesis of effects needs to be inter-
preted with caution given that the reviewed studies 
lack consistent usage of measurements and reporting 
of outcome evaluations. These studies used different 
measurements and statistical methods to evaluate PA 
and diet outcomes. For example, 1 study [20] measured 
one’s self-reported change in MVPA during the inter-
vention period to gauge the efficacy of the intervention, 
whereas in another study [31] step-goal achievement was 
used as a measure of the intervention efficacy. The two 
quasi-experimental studies did not report statistical sig-
nificance of the pre-post changes in PA or diet outcomes 
[21, 36]. Such inconsistency in evaluating the potential 
efficacy of interventions has been reported in previous 
systematic reviews [1, 38]. To advance the application of 
chatbot interventions in lifestyle modification programs 
and to demonstrate the rigor of their efficacy, future stud-
ies should examine multiple behavior change indicators, 
ideally incorporating objectively measured outcomes.

Consistent with other systematic reviews of chatbot 
interventions in health care and mental health [1, 38], 
reporting of participants’ engagement, acceptability/sat-
isfaction, and adverse events was limited in the studies. 
In particular, engagement, acceptability, and satisfaction 
measures varied across the studies, impeding the system-
atic summarization and assessment of various interven-
tion implementations. For instance, 1 study [33] used 
user response rates and user response delay as engage-
ment measures, whereas in another study [21], the dura-
tion of conversation and the ratio of chatbot-initiated on 
patient-initiated conversations were used to assess the 
level of user engagement. Inconsistent reporting of user 
engagement, acceptability, and satisfaction measures may 
be problematic because it could contribute challenges to 
the interpretation and comparison of the results across 
different chatbot systems [1]. Therefore, standardiza-
tion of these measures should be implemented in future 
research. For example, as suggested in previous studies 
[39, 40], conversational turns per session can be a viable, 
objective, and quantitative metric for user engagement. 
Regarding reporting of adverse events, despite the rec-
ommendation of reporting adverse events in clinical tri-
als by the Consolidated Standards of Reporting Trials 
Group [41], only 1 study [20] reported adverse events. It 
is recommended that future studies consistently assess 
and report any unexpected events resulting from the use 
of AI chatbots to prevent any side effects or potential 
harm to participants.

Theoretical frameworks for designing and evaluating 
a chatbot system are essential to understand the ration-
ale behind participants’ motivation, engagement, and 

behaviors. However, theoretical frameworks were not 
reported in many of the studies included in this system-
atic review. The lack of theoretical foundations of exist-
ing chatbot systems has also been noted in previous 
literature [42]. In this review, we found that the major-
ity of AI chatbots were equipped with persuasion strat-
egies (e.g., setting personalized goals) and relational 
strategies (e.g., showing empathy) to establish, main-
tain, or enhance social relationships with participants. 
The application of theoretical frameworks will guide 
in developing effective communicative strategies that 
can be implemented into chatbot designs. For example, 
designing chatbots with personalized messages can be 
more effective than non-tailored and standardized mes-
sages [43, 44]. For relational strategies, future studies 
can benefit from drawing on the literature on human-
computer interaction and relational agents (e.g., [45, 
46]) and interpersonal communication theories (e.g., 
Social Penetration Theory [47]) to develop strategies to 
facilitate relation formation between participants and 
chatbots.

Regarding designs of chatbot characteristics and dia-
logue systems, the rationale behind using human-like 
identity features (e.g., gender selection) on chatbots was 
rarely discussed. Only 1 study [31] referred to literature 
on human-computer interaction [48] and discussed the 
importance of using human-like identity features on 
chatbots to facilitate successful human-chatbot relation-
ships. Additionally, only one chatbot [21] was able to 
deliver spoken outputs. This is inconsistent with a previ-
ous systematic review on chatbots used in health care, in 
which spoken chatbot output was identified as the most 
common delivery mode across the studies [1].

With regard to user input, over half of the studies [31, 
33–36] used a constrained AI chatbot, while the remain-
ing [20, 21, 32, 37] used unconstrained AI chatbots. Con-
strained AI chatbots are rule-based, well-structured, and 
easy to build, control, and implement, thus ensuring the 
quality and consistency in the structure and delivery of 
content [42]. However, they are not able to adapt to par-
ticipants’ inquiries and address emergent questions, 
and are, thus, not suitable for sustaining more natural 
and complex interactions with participants [42]. In con-
trast, unconstrained AI chatbots are known to simulate 
naturalistic human-to-human communication and may 
strengthen interventions in general, particularly in the 
long-term, due to their flexibility and adaptability in 
conversations [1, 38, 42]. With increasing access to large 
health care datasets, advanced technologies [49], and 
new developments in machine learning that allow for 
complex dialogue management methods and conversa-
tional flexibility [1], employing unconstrained chatbots 
to yield long-term efficacy may become more feasible in 
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future research. For instance, increasing the precision of 
natural language understanding and generation will allow 
for AI chatbots to better engage users in conversations 
and follow up with tailored intervention messages.

Safety and data security criteria are essential in design-
ing chatbots. However, only 1 study provided descrip-
tions of these criteria. Conversations between study 
participants and chatbots should be carefully moni-
tored since erroneous chatbot responses may result in 
unintended harm. In particular, as conversational flex-
ibility increases, there may be an increase in potential 
errors associated with natural language understanding 
or response generation [1]. Thus, using unconstrained 
chatbots should be accompanied with careful monitor-
ing of participant and chatbot interactions, and of safety 
functions.

Strengths and limitations
This review has several strengths. First, to the best of 
our knowledge, this is the first review to systematically 
examine the characteristics and potential efficacy of AI 
chatbot interventions in lifestyle modifications, thereby 
providing crucial insights for identifying gaps and future 
directions for research and clinical practice. Second, we 
developed comprehensive search strategies with an MLS 
for six electronic databases to increase the sensitivity and 
comprehensiveness of our search. Despite its strengths, 
several limitations need to also be acknowledged. First, 
we did not search gray literature in this systematic 
review. Second, we limited our search to peer-reviewed 
studies published as full-text in English only. Lastly, due 
to the heterogeneity of outcome measures and the lim-
ited number of RCT designs in this systematic review, 
we were not able to conduct a meta-analysis and make 
firm conclusions of the potential efficacy of chatbot inter-
ventions. In addition, the small sample sizes used by the 
studies made it difficult to scale the results to general 
populations. More RCTs with larger sample sizes and 
longer study durations are needed to determine the effi-
cacy of AI chatbot interventions on improving PA, diet, 
and weight loss.

Conclusions
AI chatbot technologies and their commercial appli-
cations continue to rapidly develop, as do the num-
ber of studies about these technologies. Chatbots may 
improve PA, but this study was not able to make defini-
tive conclusions of the potential efficacy of chatbot 
interventions on PA, diet, and weight management/
loss. Despite the rapid increase in publications about 
chatbot designs and interventions, standard measures 
for evaluating chatbot interventions and theory-guided 
chatbots are still lacking. Thus, there is a need for 

future studies to use standardized criteria for evaluat-
ing chatbot implementation and efficacy. Additionally, 
theoretical frameworks that can capture the unique 
factors of human-chatbot interactions for behavior 
changes need to be developed and used to guide future 
AI chatbot interventions. Lastly, as increased adoption 
of chatbots will be expected for diverse populations, 
future research needs to consider equity and equality 
in designing and implementing chatbot interventions. 
For target populations with different sociodemographic 
backgrounds (e.g., living environment, race/ethnicity, 
cultural backgrounds, etc.), specifically tailored designs 
and sub-group evaluations need to be employed to 
ensure adequate delivery and optimal intervention 
impact.
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