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ABSTRACT

Introduction Health campaigns have the potential

to improve public awareness, but their impact can be
difficult to assess. Internet search data provide information
concerning online health information-seeking behaviour

in the population and may serve as a proxy for public
awareness to evaluate health campaigns. This study aimed
to measure the impact of World Stroke Day (WSD) in China
using Baidu search data.

Methods Daily search index values (SIV) for the term
‘stroke’ were collected from January 2011 to December
2019 using the Baidu Index platform. We examined the
mean difference in SIV between the 4 weeks surrounding
WSD (period of interest) and the rest of the year (control
period) for each year by t-test analysis. The mean
difference between the period of interest and the control
period was also calculated. The joinpoint regression model
was used to analyse the trends of internet search activity
30 days before and after WSD for each year (2011-2019).
Finally, the top and rising queries related to stroke during
the week of the campaign in 2020 were summarised.
Results A significant mean increase in SIV of 418.5 (95%

Cl: 298.8 to 538.2) for the period of interest surrounding WSD
was observed, 36.2% greater than the SIV during the control
period (2011-2019). Short-term joinpoint analysis showed

a significant increase in SIV 3days before WSD, a peak on
WSD and a decrease to the precampaign level 3days after
WSD. The rising related queries suggested that the public

had increasing concerns about stroke warning signs, stroke
prevention and stroke recovery during the campaign.
Conclusions The WSD campaign increased internet
search activity. These research techniques can be applied
to evaluation of other health campaigns. Advancing
understanding of public demand will enable tailoring of the
campaign and strengthen health management.

INTRODUCTION

Health campaigns are organised communi-
cation activities that aim to raise awareness
concerning specific health-related themes and
influence health behaviour." As a population-
based preventive and intervention strategy,
health campaigns—such as health awareness
days, weeks and months—have the poten-
tial to improve public health awareness and
alleviate the burden of disease.”® Despite the
frequency of health campaigns conducted
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Strengths and limitations of this study

» A key strength is that this is the first study to eval-
uate the impact of the World Stroke Day campaign
and to explore public priorities relating to stroke us-
ing internet search data in China.

» Our research techniques can potentially be applied
to evaluation of other health campaigns.

» We could only evaluate the impact of health cam-
paign on internet search activity for people with in-
ternet access.

» Online search activity cannot necessarily be extrap-
olated to attainment of valid information from the
internet nor to offline health information-seeking
behaviours.

by the government and professional associ-
ations, there are relatively few ways to assess
their impacts. Conventional epidemiological
studies are often dependent on bespoke, large
scale data collection, which are costly, resource-
intensive and limited in geographical scope.*™
Consequently, an alternative real-time and low-
cost method is needed to monitor public aware-
ness before, during and after a campaign.
Theinternetand online search engines have
become an increasingly popular source of
health information; they potentially enhance
knowledge and awareness of specific health-
related topics, such as prevention, symp-
toms and medical advice.” ' Additionally,
online search queries can reveal the public’s
underlying health perspectives and capture
reluctance to participate in a survey.'' '* It
has been estimated that 64.2% of the global
population had internet access by December
2020."” Because of the wide coverage, rapid
updating, low cost and anonymity of internet
data, several studies have used internet search
data to evaluate the impacts of Breast Cancer
Month,leé Colorectal Cancer Month,17
Autism Awareness Month'® and World Hepa-
titis Day'?; the results indicated a significant
increase in online search activity, suggesting
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increased awareness. The public’s concerns and priorities
regarding a specific topic can also be assessed by analysing
related search queries.””*! Internet search activity can be
used as a proxy for public awareness of health themes,
which has the potential for health-campaign evaluation.

Stroke is the leading cause of death and disability in
China.*” * The incidence of first-ever stroke in adults is
increasing at an annual rate of 8.3% in China.** To tackle
the high burden of stroke, the World Stroke Day (WSD)
campaign, an international health campaign that is
undertaken on 29 October of each year,” ** was launched
by the China Stroke Prevention and Treatment Project in
2011 in China. Although WSD has been held for several
years, its impact on public awareness is unknown. The
Baidu Index offers a novel method for estimating internet
search activity for specific terms over time and has been
used in epidemiological surveillance in China.” ™ It is
derived from search frequencies on the Baidu search
engine with the highest market share in China (90.9%
penetration rate).” ™ Therefore, Baidu search activity
may be potentially used to monitor public awareness of
stroke to assess the impact of WSD.

We evaluated the impact of the WSD campaign using
Baidu search data in China. We hypothesised that WSD stim-
ulates online health information-seeking behaviour. We also
hypothesised that the public’s stroke-related priorities would
be revealed during implementation of WSD.

METHODS

Data sources

This research involved free, publicly available, de-identi-
fied, online information from the Baidu Index platform.
We used search index values (SIV), top related queries
and rising related queries provided by the Baidu Index
to examine internet search activity and public priorities,
respectively.

The SIV is defined as the weighted sum of the search
frequency for specific search terms entered by internet
users; it is available daily, weekly or yearly and at various
levels (e, municipal, provincial or nationall).27 * The SIV
is the result of exponential processing of search volumes
for specific search terms. In this study, we used internet
search activity for stroke as a proxy for public awareness
to evaluate the impact of WSD.

The top related queries are the terms most frequently
searched with the search term entered by internet users
within 1week. The rising related queries are the terms
searched with the search term entered by internet users;
and they are with the greatest growth in search volume in
the requested week, compared with the previous week.?’

Data collection

Search term selection

Search terms were selected to measure public interest in
a health campaign. The health-related concern included
in the name of the health campaign was prioritised over a
synonym or phrase with a similar meaning.” We selected

two search terms for stroke (ie, ‘267’ and ‘XZEH in
Chinese) to reflect public interest in WSD (‘{45 H”
in Chinese) and summed their daily SIV.

Collection of SIV data

For long-term analysis, we extracted the daily SIV for
stroke from January 2011 to December 2019, without
any restriction in location. We selected days in the 4
weeks surrounding WSD (ie, the week before WSD, the
week of WSD and the 2 weeks after WSD) as the period
of interest.”® Days in the remaining weeks of the corre-
sponding year were used as the control. For short-term
analysis, we collected the daily SIV for stroke 30 days
before and after WSD (61 total days). The time scale was
selected to capture any increased online search queries
prior to WSD, as well as the duration of any effect in the
subsequent 30 days. This was performed separately for
each year (2011-2019).

Collection of top and rising related queries data

We collected the top 10 related queries and the rising
related queries for stroke (‘% in Chinese) from 26
October 2020 to 1 November 2020 (the week of WSD).
Because the top related queries and rising related queries
were available only for the most recent year, we collected
the data for 2020.

Data analysis

The t-test was used to evaluate the mean difference in
SIV with the 95% CI between the 4 weeks of interest
surrounding WSD and the other weeks of the year. This
was performed separately for each year, from 2011 to
2019. Additionally, we calculated the difference in SIV for
the period of interest and the control period as differ-
ences in percentage.

To examine the trend of internet search activity before,
during and after WSD, the joinpoint regression model was
used. This model identifies statistically significant time
points, known as joinpoints, which represent significant
changes in the linear slopes of the trend. The analysis is
often used to calculate the annual per cent change (APC)
in cancer incidence between two joinpoints; in recent
years, it has been used to investigate the effects of health
awareness campaigns on online health information-
seeking behaviour.” * * In this study, the independent
variable was the day, and the dependent variable was the
natural logarithm of the daily SIV fit to a linear regression
line. The percentage daily change in SIV was calculated
and recorded as the APC by the software. The analysis was
preset to identify a minimum of zero and a maximum of
three joinpoints. This maximum was chosen because of
the expected predicted pattern. A permutation test was
performed as the model selection method with an overall
significance level of 0.05.

We described the top 10 related queries and the
rising related queries for stroke (‘fi%H" in Chinese)
during the campaign to understand public’s perspective
regarding stroke.
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Table 1
2011 to 2019.

Mean differences in search index values (SIV) for stroke between the period of interest and the control period from

Mean SIV in the 4 weeks
surrounding World Stroke Day,

Mean SIV in the remaining weeks of Mean difference in SIV

Year period of interest the year, control period (95% Cl) P value
2011 802.3 506.8 295.5 (164.5 to 426.4) <0.001
2012 985.2 634.3 350.9 (164.8 to 537.0) <0.001
2013 894.3 702.6 191.6 (60.7 to 322.6) 0.006
2014 1068.4 724.2 344.1 (164.9 to 523.4) <0.001
2015 1538.9 944.6 594.3 (285.4 to 903.1) <0.001
2016 1560.1 1126.6 433.5 (287.2 t0 579.8) <0.001
2017 1751.3 1424.0 327.3 (160.5 to 494.1) <0.001
2018 2714.0 1918.2 795.7 (416.9 to 1174.5)  <0.001
2019 2858.9 24271 431.7 (52.1 to 811.3) 0.027
Overall  1574.8 1156.3 418.5 (298.8 t0 538.2) <0.001

We conducted joinpoint regression analysis using
Joinpoint Trend Analysis software V.4.8.0.1 (Statistical
Research and Applications Branch, National Cancer Insti-
tute), and t-tests and Spearman’s rank correlation analysis
using SAS V.9.4 (SAS Institute).

Patient and public involvement statement
Patients or the public were not involved in the design, or
conduct of our study.

RESULTS

Impact of WSD on internet search activity

WSD significantly affected internet search activity in each
year. A positive and statistically significant mean differ-
ence was observed in SIV for stroke between the period
of interest and the control period (table 1). The mean

difference ranged from 191.6 (95% CI: 60.7 to 322.6)
in 2013 to 795.7 (95% CI: 416.9 to 1174.5) in 2018;
overall, it was 418.5 (95% CI: 298.8 to 538.2). The mean
percentage increase in SIV was 36.2% for the period of
interest, compared with the control period (2011-2019).
In seven major regions in China, the mean difference in
SIV between WSD and the control periods was positive
and statistically significant in all but South China. See
online supplemental appendix 1 for details.

To examine changes in internet search activity before,
during and after the campaign period, a joinpoint anal-
ysis was performed concerning the 30 days before and
after WSD. The analysis identified three significant inflec-
tion joinpoints. Notably, there was a sharp increase in
SIV from 3 days before WSD and a spike in SIV on WSD
(29.55% increase, p=0.031), reflecting increasing interest

2011-2019: 3 Joinpoints

4125

3750

*  Observed
— -30.0-3.0APC = 15300
T -3.0-0.0APC = 205467

3375

— 0.0-20APC =-23729
30-30.0APC = -0.423

3000 / \

2625 / |

2250

1878

1500) y

Search Index Values

- YY
1125 « el

ak

750|

375

0!

-30 -24 -18 -12 -6 0
Day

&

12 18 24 30

* Indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level

Final Selected Model: 3 Joinpoints.

Figure 1

Changes in search index values (SIV) for stroke 30 days before and after World Stroke Day (2011-2019). Each data

point indicates the mean SIV measured on the specified day from 2011 to 2019. Colour scheme: blue, first slope; green, second

slope; red, third slope; mint green, fourth slope.
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Figure 2 Changes in search index values (SIV) for stroke 30 days before and after World Stroke Day for each year. Each data
point indicates the SIV measured on the specified day. Colour scheme: blue, first slope; green, second slope; red, third slope;

mint green, fourth slope.

in searches prior to WSD (figure 1). A significant decrease
in SIV (23.73%, p=0.012) was observed after WSD. The
short-term temporal trends in SIV for each year were
shown in figure 2.

Summary of public’s stroke-related priorities

The top related queries are indicative of public demand
for information regarding specific topics, and the rising
related queries reveal changes in public priorities,
reflecting the impacts of campaigns or events. The top
10 related queries for stroke indicated that the public
was interested in general stroke information, stroke
risk factors and stroke effects during the week of WSD
(table 2). Analysis of rising related queries for stroke
suggested that Chinese internet users had increasing
interest in stroke warning signs, stroke prevention,
general stroke information and stroke recovery during
the week of WSD (table 3).

DISCUSSION

Main findings

The WSD campaign stimulated increased internet search
activity, which potentially enhance public knowledge and
awareness. Furthermore, we found the stroke-related
terms that public searched at the greatest growth during
the campaign were categorised to stroke warning signs,
stroke prevention and stroke recovery. To our knowledge,
this is the first study of the impact of a health campaign
on online health information-seeking behaviour in
China; it is also the first study to explore public concerns
and priorities regarding stroke by ranking stroke-related
search queries.

The WSD campaign had a substantial impact on internet
search activity in each year. These results were in agree-
ment with previous reports of health-campaign evalua-
tion based on Google Trend data. Scheres et al” reported
a 23.3% increase in search volume during the World
Thrombosis Day period in the Netherlands, compared
with the rest of the year. Lippi e al’® observed a 21%
increase in the level of Google search activity worldwide

Table 2 Top 10 related queries for stroke during the week
of World Stroke Day (26 October 2020 to 1 November 2020).

Rank Category Stroke (Jixi % 77)
1 General stroke Cerebral infarction (FXE)
information
2 General stroke How do you pronounce
information stroke (B/E A4 i%)
3 Stroke risk factor Atrial fibrillation (FEEf)
4 General stroke Cerebral haemorrhage (i
information i)
5 General stroke Stroke (1 X)
information
6 General stroke Stroke (Z&)
information
7 General stroke Stroke (Z& 1)
information
8 General stroke Cerebral infarction (XE %£)
information
9 General stroke Cerebral infarction (fX1% %)
information
10 Stroke effect Hemiparesis (fR5§)
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Table 3 Rising related queries for stroke during the week of
World Stroke Day (26 October 2020 to 1 November 2020).

Rank Category Stroke (Jii 2= 1)
1 General stroke Stroke (Z 1)
information
2 Warning signs Stroke 120 (F+1120)
3 Stroke prevention 66 items of health
literacy (fi1:665%)
4 Stroke risk factor Acute water
intoxication (217K
)
5 General stroke What is stroke (fI-4 =2
information i 2% )
6 Stroke recovery Stroke recovery (fiZ
HEEE)
7 General stroke How to pronounce
information stroke (REALR)

during World Diabetes Day. Glynn et al'> showed that
Breast Cancer Awareness Month campaign generated
public interest in the disease. Increased internet search
activity may be caused by information dissemination on
a topic through online or offline channels during health
campaigns. People interested in the specific health issue
were more likely to seek detailed information online.
However, Ling and Lee™ reported that a campaign aiming
to increase awareness of stroke in Canada, known as Make
Health Last, was not associated with the public’s online
search behaviour. Possible reasons for the inconsistent
findings from Make Health Last in Canada and WSD in
China may include differences in campaign organisers,
delivery channels and potential impacts not captured by
the internet. For campaign organisers, the Make Health
Lastcampaign was led by the Heart and Stroke Foundation
in Canada, while the WSD campaign was launched by the
government with more authority and it was a community-
based campaign across China. For delivery channels, the
Make Health Last campaign was delivered only through
online platforms (Canadian Broadcasting Corporation),
while the delivery channels for WSD included both online
and offline, such as pamphlets, physician referrals, health
lecture hall, television, website and social media. The
WSD campaign supported by the Chinese government
and promoted through a variety of channels had a posi-
tive effect on stimulating public online search behaviour.
Moreover, we found that increased online search activity
during WSD was not significant in South China. This may
be due to the lowest prevalence of stroke in the South
compared with other regions,*' or to greater educational
strategies throughout the year which would keep interest
in the public and decrease the relative peak caused by
WSD.

Whenever a significant increase in online search activity
was found, it was followed by a decrease, indicating that
the effect was short-term, similar to the outcomes in other
studies of Global Public Health Days.” *” The increased

internet search activity may be due to the related physi-
cian referrals, announcements and media attention
several days before the actual date, which stimulated
public interest in stroke to search for it on the internet.
The decrease may be a result of three factors. First, the
health campaign improved public knowledge and aware-
ness of specific topics or prompted individuals to consult
their physicians for medical advice, which led to reduced
online search queries. Second, the impact may involve
other online platforms used after searching. The website
of the Dutch blood supply Sanquine was visited twice
as often, and 54.6% more new donors were registered,
in the 3 weeks surrounding World Blood Donor Day in
2016." The number of calls to a smoking helpline was
approximately fivefold higher on National No Smokin%
Day, compared with the annual daily average in the UK.

Mahroum et al reported that users tended to search for a
topic on Google, and then interacted with it on Twitter.*’
Therefore, the impact of the campaign may have been
underestimated. Future studies should evaluate the
impacts of health campaigns using various data streams.
However, it is likely that a health awareness campaign is
short-lived, and the public lose interest in the health topic
after its conclusion.

It is essential that health campaigns be planned and
implemented in accordance with the educational needs
of the population. Our findings showed a rapid increase
in public interest in stroke warning signs, prevention and
recovery during the week of the campaign, compared
with common levels of public concern regarding general
stroke information, stroke risk factors and stroke effects.
Therefore, people had increased interest in some types of
health information, or the information provided during
the campaign did not meet their needs. The public
searched on the internet for a more comprehensive and
detailed understanding. Recognition of stroke warning
signs is vital, and intervention tools have been designed
to promote an emergency response to stroke symptoms,
such as the ‘FAST’ tool in English-speaking countries** and
‘Stroke 120 in China.” ‘Stroke 120’ also prompts imme-
diate activation of emergency medical services by dialling
120 in China.”” People showed increasing concern about
‘Stroke 120’ during the campaign, implying that advocacy
should be strengthened in subsequent campaigns. Addi-
tionally, health literacy (eg, knowledge and belief literacy,
behaviour literacy and skill literacy) is essential for disease
prevention and control.*® Notably, the mortality and
disability rates from stroke are observed higher in China
than in well-developed countries.*” * Our findings also
suggested that comprehensive information regarding
stroke recovery should be delivered during the campaign,
especially in areas with a high disability rate. Our find-
ings will enable health authorities and stroke-related
non-governmental organisations to tailor publicity and
education strategies and strengthen health management.

In 2017, there was a spike in SIV for stroke on the
21 days before the WSD in addition to the peak on the
WSD (figure 2), possibly because of a news report that

Cao M, et al. BMJ Open 2021;11:€054463. doi:10.1136/bmjopen-2021-054463
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Table 4 Spearman’s rank correlations between media
index values and search index values for stroke 30 days
before and after World Stroke Day from 2011 to 2019.

Year Spearman’s rho P value
2011 0.549 <0.001
2012 0.539 <0.001
2013 0.651 <0.001
2014 0.762 <0.001
2015 0.723 <0.001
2016 0.651 <0.001
2017 0.374 <0.001
2018 0.782 <0.001
2019 0.711 <0.001
Overall 0.752 <0.001

drew widespread public attention instead of the WSD.
A student was reported to be comatose and admitted to
hospital with a diagnosis of stroke, because of playing
games continuously for 3days during the Mid-Autumn
Festival holiday.” Therefore, media reports may affect
online information-seeking behaviours, as suggested
by preview works. Disease-related announcements by
public figures, such as a diagnosis or death, had an
impact on internet disease-related information-seeking
behaviour.” *% This suggested that health promotion
activities, especially multimedia and web-based awareness
campaigns regarding a specific disease, should be initi-
ated or increased promptly after a major media event to
maximise their influence on the general public.

The volume of stroke-related news reports increased
during the WSD campaign. We found a significant correla-
tion between the media index value and SIV 30 days
before and after WSD (Spearman’s rho=0.752, p<0.001)
(table 4). The media index value was provided by the
Baidu Index and defined as the volume of news reports
containing the identified Baidu search activity terms in
their headlines.?” ** Similarly, media coverage was report-
edly associated with internet search activity.” >* Media
coverage may promote dissemination of knowledge and
increase public awareness; therefore, health-campaign
organisers should leverage this to provide accurate,
authoritative, up to date and timely information.

We compared online search queries with the level of
health literacy and observed a similar temporal trend
from 2012 to 2019 in China (figure 3). National-level
annual health literacy data were obtained from National
Health Literacy Surveillance on the website of the
National Health Commission.”” This result suggested
online search activity improved public knowledge and
awareness, an important component of health literacy,
but further surveys are needed. Moreover, some studies
showed an increase in sales of in-home HIV tests during
World AIDS Day”® and an increase in the number of
thrombolytic treatments after stroke days.”” Future
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Figure 3 Trends of search index values (SIV) and the level
of health literacy from 2011 to 2019. Blue line, SIV of stroke
from 2011 to 2019; red line, level of health literacy from 2012
to 2019.

studies could improve on our study design to more accu-
rately capture the value of information provided to the
users by the internet.

Limitations

This study had several limitations. First, the online
information-seeking behaviour was captured for only the
portion of the population with internet access; offline
and face-to-face information seeking behaviour, such
as consulting a health professional, could not be evalu-
ated. Second, we focused on search query volumes on the
Baidu search engine; future studies should include other
sources, such as Weibo, WeChat and Zhihu.®2*® Third, two
terms used in the Chinese campaign name were selected
to estimate online information-seeking behaviours for
stroke (ie, ‘A" and ‘fii%H in Chinese). In future
studies, terms from the campaign theme or slogan should
be included to accurately capture changes in search
behaviours. Fourth, we could not analyse the changes
in search queries for stroke during the same period of
the year prior to establishment of WSD, because Baidu
Index data were only available beginning in 2011 and
WSD was first held in 2011 in China. Finally, our findings
do not necessarily translate to attainment valid informa-
tion and increases in offline health information-seeking
behaviours; they only highlight the effect of health aware-
ness campaigns on online search activity in the most used
search engine, which have the potential to raise public
awareness.

CONCLUSIONS

Internet search data enable monitoring of online health
information-seeking behaviour, which potentially reflects
public awareness, especially in regions with high internet
penetration. Our findings show that the WSD campaign
had a positive impact on internet search activity, and our
research techniques can be applied to evaluation of other
health campaigns. People showed increasing concern
regarding stroke warning signs, stroke prevention and
stroke recovery during the campaign. Advancing under-
standing of public demand will enable tailoring of the
campaign and strengthen health management.
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