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Abstract
Purpose – This paper brings focus and attention to the aspect of time within health information behaviour.
The purpose of this paper is to critically assess and present strengths and weaknesses of utilising the
infodemiology approach and metrics as a novel way to examine temporal variations and patterns of online
health information behaviour. The approach is shortly exemplified by presenting empirical evidence for
temporal patterns of health information behaviour on different time-scales.
Design/methodology/approach – A short review of online health information behaviour is presented and
methodological barriers to studying the temporal nature of this behaviour are emphasised. To exemplify how
the infodemiology approach and metrics can be utilised to examine temporal patterns, and to test the
hypothesis of existing rhythmicity of health information behaviour, a brief analysis of longitudinal data from
a large discussion forum is analysed.
Findings – Clear evidence of robust temporal patterns and variations of online health information behaviour
are shown. The paper highlights that focussing on time and the question of when people engage in health
information behaviour can have significant consequences.
Practical implications – Studying temporal patterns and trends for health information behaviour can help
in creating optimal interventions and health promotion campaigns at optimal times. This can be highly
beneficial for positive health outcomes.
Originality/value – A new methodological approach to study online health information behaviour from a
temporal perspective, a phenomenon that has previously been neglected, is presented. Providing evidence for
rhythmicity can complement existing epidemiological data for a more holistic picture of health and diseases,
and their behavioural aspects.
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Introduction
Time touches every dimension of our being, it is everywhere in human life and is constitutive of
life in nature as well as society (Bender and Wellbery, 1991; Luckmann, 1991; Roenneberg,
2012). All organisms, from single cells to human beings, follow rhythmic behaviour that is the
key to the time-world of nature (Adam, 1990). The rhythmicity or temporal structures of hours,
days, weeks, months, seasons and years deeply affect the earth’s environment and governs and
contextualises many, if not all, aspects of life, including health and illness (Mogilner et al., 2018;
Ayers et al., 2014). This rhythmicity is a universal phenomenon (Adam, 1990). However, in spite
of time being so omnipresent and pervasive in everyday life, as well as important to our health
and well-being and behaviours related to them, time has in many aspects been treated as a
phenomenon of secondary importance and even thoroughly neglected (Adam, 1990; Davies and
McKenzie, 2002; Giddens, 1979; Luckmann, 1991; Roenneberg, 2012).

These temporal structures can be divided into circadian, circaseptan, circa-monthly and
circannual. Circadian rhythms are associated with the 24-h cycle arising from the rotation of
the earth around its axis, circaseptan rhythms describes the cyclic seven-day phenomena,
whereas circa-monthly rhythms are associated by the complete lunar orbit around earth
every 30 (29.53) days (Reinberg et al., 2017). Seasonal, or circannual time-periods, again, are
entrained by seasonal and annual changes caused by rotation of the earth around its sun
(Reinberg et al., 2017). All these rhythms have been found to affect health, making them
significant to study in relation to the temporal variations of health-related behaviours
(Ayers et al., 2014; Reinberg et al., 2017). Many health behaviours, issues and disorders, both
somatic and psychological, follow different temporal patterns on circannual, circa-monthly,
circaseptan, as well as circadian, levels. Variations in temporal structures have been
reported for a myriad of symptoms and diseases as well as health-related behaviours, from
sleeping disorders and depression to risk behaviours and diseases like, for example,
diabetes, cardiovascular diseases and cancer (Basnet et al., 2016; Gabarron et al., 2015;
Madden, 2017; Reinberg et al., 2017). This is the case for health information behaviour, or
how people seek, obtain, evaluate, categorise and use health-related information, as well
(Ek, 2013). Health information behaviour can be conceptualised as a process initiated by a
health-related stimuli, an information need or a knowledge gap (Lambert and Loiselle, 2007;
Ormandy, 2011). These gaps can be seen as a discontinuity condition for the individual, and
are a fundamental aspect of reality (Savolainen, 1993, 2006). They are also temporal, affected
and changing over time (Ormandy, 2011).

Research on the temporal patterns and variations of health information behaviour is scarce
(Davies and McKenzie, 2002; Savolainen, 2006; Savolainen, 2018). Reasons for this have been
suggested to be methodological. Traditional health-related data are usually gathered through
surveys or interviews on an annual or semi-annual level, leaving temporal variations and
rhythms, except some annual or seasonal, outside the scope of data collection and only
providing snapshots of health behaviour in relation to time (Anker et al., 2011; Ayers et al.,
2014). Research on health-related behaviour and conditions are, furthermore, often based on
clinical data, and there is limited use of preclinical data on behavioural patterns, including
health information behaviour, in a population. While traditional data gathering methods
remain invaluable, new data and novel methods such as infodemiology, that is, aggregation
and analysis of health-related information especially on the internet (Eysenbach, 2009), can
complement this data and help shed some light on the temporal rhythms related to health
information behaviour. More and more people turn to the internet in health-related matters to
be better informed, seek peer-support, find alternative treatments, take charge of their health
and manage minor conditions they perceived they had (Eysenbach, 2009; Eysenbach, 2011;
Lee et al., 2014). Utilising novel methods and metrics, in this case the infodemiology approach,
and mining data from this type of online health information behaviour can complement and
broaden our understanding of health-related knowledge gaps, and provide new insights into
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the temporal patterns of health and disease on a macro scale (Ayers et al., 2014; Eysenbach,
2009; Guy et al., 2011). Measures of these temporal rhythms could also be an important
determinant of health status (Basnet et al., 2018).

Aim and objective
The aim of this paper is to present the strengths and limitations of utilising the
infodemiology approach and metrics to examine temporal variations and patterns of health
information behaviour in a Finnish online discussion forum. The intention of the paper is to
bring focus and attention to the aspect of time within health information behaviour, and to
focus on answering the question of when Finnish people are engaged in health information
behaviour, by using infodemiology metrics. We hypothesised that there are temporal
variation and patterns in health information behaviour on circadian, circaseptan,
circa-monthly and circannual levels. Temporal variations are exemplified shortly by
presenting a few interesting results of longitudinal time tracking from the largest Finnish
online discussion forum, Suomi24. Finland, with its northern situation and intense
fluctuations in both seasonal temperature and daylight makes an interesting subject to
study health-related phenomena from a temporal aspect (Basnet et al., 2018). Moreover,
internet use in Finland is ubiquitous, and is and has been an important source for
information related to health or illness (Ek et al., 2013; Tilastokeskus, 2017).

Studying online health information behaviour
The internet is, as mentioned, important as a source for health-related information in
Finland. A nation-wide survey conducted in 2009 showed that already then, nearly
70 per cent of 18–65 year old Finns had visited some health-related site during the past
12 months. The most used sources were health portals, visited by 45 per cent (Ek et al.,
2013). Recent statistics show that 64 per cent of Finns in the ages 16–89 years searched for
information on illness, nutrition or health online in 2017. There are, however, variations
between age groups: as many as 80 per cent of those aged 25–34 years used online health
information, whereas the use was decreasing with higher age (Tilastokeskus, 2017, p. 36; cf.
Ek and Niemelä, 2010). Similar figures are found elsewhere: for example, in the UK,
69 per cent searched health information online in 2013 (Dutton et al., 2013). The importance
of the internet as a source for this type of information varies, however; an older survey
conducted in Hong Kong showed that only 44 per cent had looked for health information on
the internet (Yan, 2010).

Health information behaviour, and in particular health information seeking and
needs, have typically been studied utilising cross-sectional study design, with either
surveys or structured interviews as the main method of documentation, to characterize the
behaviour of the general population (Anker et al., 2011; Ramsey et al., 2017). This shows
that health information behaviour has strong methodological traditions. This is also the
case with health information behaviour in different online settings, such as social
networking sites and social media (Zhao and Zhang, 2017; Kim and Syn, 2014). This type
of research design provides a “snapshot” of health information behaviour, as it
characterises the behaviour at a single point in time (Anker et al., 2011). Health
information behaviour has also been approached by utilising retrospective reviews that
rely on previously collected data sets or cohort designs that compare similar information
on samples collected at alternate points of time (Anker et al., 2011). Moreover, some studies
have applied naturalistic interventions or observations that take place in a natural setting
and that characterize the information seeking behaviours of a group, for instance, patients
with specific ailments or illnesses, or within a specific demography (Anker et al., 2011;
Kim and Syn, 2014; Zhao and Zhang, 2017). The least applied methods used for

775

Health
information
behaviour



health information seeking were, according to Anker et al. (2011) experiments or
quasi-experiments and longitudinal designs.

When studying online health information behaviour, factors possibly affecting use are
often in focus, and these are often socio-demographic variables, health conditions and
attributes of websites (Marton and Wei Choo, 2012). Socio-demographic variables often
include gender (e.g. Ybarra and Suman, 2006; Renahy et al., 2010; Yan, 2010; Hallyburton and
Evarts, 2014; Bidmon and Terlutter, 2015; Torrent-Sellens et al., 2016; Tilastokeskus, 2017,
p. 36), education level (e.g. Flynn et al., 2006; Ek and Niemelä, 2010; Torrent-Sellens et al., 2016;
Tilastokeskus, 2017, p. 36; Yan, 2010) and age (e.g. Ek and Niemelä, 2010; Tilastokeskus, 2017,
p. 36; Torrent-Sellens et al., 2016; Yan, 2010; Ybarra and Suman, 2006). Health status as a
variable behind online health information behaviour is often studied, as well (e.g. Flynn et al.,
2006; Renahy et al., 2010; Torrent-Sellens et al., 2016). Other variables include, for example,
internal factors like trust (Sbaffi and Rowley, 2017; Lee et al., 2014), and eHealth literacy skills
(Lee et al., 2014) that can facilitate or hinder use. Motivations for and outcomes of using online
discussion forums, including health-related forums, have been examined, as well (Pendry and
Salvatore, 2015). Marton and Wei Choo (2012) note that most studies seem to be producing
descriptive statistics reporting the extent and nature of online health information seeking.
Time as a factor, however, does not seem to occur in these studies.

As always, all methods have their strengths and weaknesses. For instance, a limitation
that the use of either surveys or interviews proposes is that it only examines behaviour at a
single point in time in a non-naturalistic setting (Anker et al., 2011). As proposed by Anker
et al. (2011), studies would benefit from applying a longitudinal study design, examining
health information seeking over an extended period of time, as well as track the temporal
nature and variations of health information seeking on the internet. This could potentially
present a more comprehensive picture of health information seeking and behaviour, especially
as time has previously been neglected within research on health information behaviour, and
information science in general. In light of recent developments in novel methods, some of these
weaknesses and recommendations could be dealt with.

Infodemiology and infoveillance
Infodemiology, a portmanteau of information and epidemiology, has been defined by
Eysenbach (2009) as the science of distribution and determinants of information in an
electronic medium, specifically the internet, or in a population, with the ultimate aim to inform
public health and public policy. Infodemiology is an emerging discipline that tackles the
problem that in today’s society it is not about the availability of information anymore, but its
aggregation and analysis. The field is highly interdisciplinary and requires the collaboration
of many different domains, including information and computer scientists. Methodologically,
infodemiology has been divided into supply-based and demand-based infodemiology
(Eysenbach, 2009). Methods within supply-based infodemiology, under which category this
study falls, include analysing discussion forum postings, social media status updates or the
amount of websites by topic and obtaining indicators on changes in relation to time.
Such supply-based infodemiology metrics are especially useful when tracked longitudinally
(Eysenbach, 2009). The scope of infodemiology also includes demand-based infodemiology,
which entails analysing online health information seeking and needs, and metrics associated
with this, such as patterns of activity or visits on health-related websites or queries and query
volumes in search engines. As Eysenbach (2009) concludes, supply- and demand-based
infodemiology methods are quite similar and employ similar workflows from selecting,
filtering and constructing meaning of large data sets by various quantitative and qualitative
methods to employing basic descriptive and analytical statistical methods, or more advanced
temporal statistical methods to detect patterns and trends. As such, infodemiology could be
described as an approach that entails different methods and metrics.
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Infodemiology is rooted in the idea that there is a relationship between population health
on one hand, and information and communication patterns on the internet on the other.
Therefore, changes in these patterns could be an early symptom of changes in population
health (Eysenbach, 2009). An increasing number of people engage in online health
information behaviour, and this rapidly rising amount of user-generated infodemiological
data, or metrics, from social media, search engines and websites open up for the possibility
to systematically study and measure health-related patterns, trends and knowledge gaps
over time, something that has previously been immeasurable (Eysenbach, 2006, 2011).
The related term infoveillance has been defined as the longitudinal tracking of
infodemiology metrics for surveillance and trend analysis. Infoveillance is especially
relevant when the infodemiology approach, with both the supply- and demand-side methods
and metrics, are employed in applications and services where the primary aim is to provide
automated and continuous real-time surveillance (Eysenbach, 2009). This falls outside the
scope of this study, as data utilised in this study are not available in real time.

Infodemiology research is needed to develop a set of methodologies to understand patterns
and trends for online health information behaviour (Eysenbach, 2006). Analysing infodemiology
metrics on when people engage in health information behaviour, including when they seek,
communicate and share information, can provide novel and valuable insights to health-related
behaviour and can inform public health officials as well as other actors within the field of health
(Eysenbach, 2009). This is particularly significant, as an important role of public health is the
surveillance of population health status, including the temporal distribution of diseases and
behavioural risk factors (Rothman and Greenland, 2014). However, vast complexity and breadth
of public health tasks today call for new ways to strengthen the capacity of health agencies
(Mamiya et al., 2017). The infodemiology approach adds a novel set of methods, and provides
unmatched opportunities for the management of health-related web data and information
generated by online users, as well as unique opportunities for insights into health information
behaviour (Eysenbach, 2011; Zeraatkar andAhmadi, 2018). Given the rapidly growing use of the
internet as a source for health information, monitoring online health information behaviour is
not only useful, but also necessary (Mamiya et al., 2017).

The infodemiology approach has been utilised to study many different health-related
phenomena, like mining tweets for pandemics, different ailments and public health issues
(Chew and Eysenbach, 2010; Paul and Dredze, 2011), analysing internet search trends for a
multitude of illnesses and health issues, to complement epidemiological research (Abedi et al.,
2015; Brigo and Trinka, 2015; Carneiro and Mylonakis, 2009; Seifter et al., 2010) as well as
studying accessing and sharing information related to different topics (Wong et al., 2013;
Matsuda et al., 2017). Temporal variations and patterns of health information behaviour have
also been investigated using infodemiology metrics, mostly for specific health issues or
diseases, from mental health problems (Arendt and Scherr, 2017; Ayers et al., 2013; Chen et al.,
2018; Tana, 2018; Tana et al., 2018), to somatic diseases like Lyme disease (Pesälä et al., 2017),
diabetes (Tkachenko et al., 2017) and disease and influenza outbreaks (Bragazzi et al., 2017;
Kraut et al., 2017; Ortiz-Martínez and Jiménez-Arcia, 2017; Osuka et al., 2018; Seo and Shin,
2017). However, research on temporal variations and patterns of general health and wellness
utilising infodemiology metrics is scarce, as most infodemiology research has focussed on
specific diseases and their symptoms (Guy et al., 2011; Zeraatkar and Ahmadi, 2018). Ayers
et al. (2014) investigated the circaseptan rhythms of health considerations by monitoring
internet search queries, while Jadhav et al. (2014) touched upon the temporal patterns
(morning, afternoon/evening, night) while analysing how online health information seeking
behaviour may differ by accessing device. To the best of the authors’ knowledge, this current
study is the first case where infodemiology metrics are used to examine the temporal
variations and patterns of various health-related phenomena, as well as health in general, by
utilising a big, longitudinal and unique social media dataset.
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Data and methods
Suomi24 (www.suomi24.fi/) is the largest, and most popular, free and anonymous discussion
forum in Finland. The Suomi24 discussion forum data, which are available for research
purposes, contain the entire database and all messages of the Suomi24 discussion forum.
The data set can be downloaded for research purposes through FinCLARIN’s Kielipankki
Korp-interface (http://urn.fi/urn:nbn:fi:lb-2019010801). The corpus contains all messages
posted in the Suomi24 discussion forum, ranging from 1 January 2001 to 31 December 2017.
The Suomi24 data are an exceptionally comprehensive and big data set, with over a
hundred million words. Overall, there are over 82m (82,858,608) messages posted in Suomi24
for the time-period (1 January 2001–31 December 2017) analysed in this study. The Suomi24
discussion forum had 832,000 unique visitors per week in 2015, each of whom in average
spent 7 min on the forum in one session. The total amount of page loads per week in 2015
was over 17m (Aller, 2016). During the first half of 2018, Suomi24 still had a monthly reach
of over 2m internet users, making it the eighth most popular Finnish internet site
(FIAM, 2018). According to statistics, 24 per cent of the Finnish population aged 16–89 had
posted something in a discussion forum in 2014. The percentage of participation was clearly
higher for the younger demographic, as over 40 per cent in the age category 16–34, and
35 per cent in the age category 35–44, had posted messages in a discussion forum in 2014
(Tilastokeskus, 2017). The forum contains several different main topics such as pets, fashion
and beauty, tourism, cars and vehicles and health. The health (fi. terveys) category with
3,788,224m messages represents 4.57 per cent of posts in the forum and is divided into
sixteen sub-topics, ranging from plastic surgery and diseases, to medication and mental
health. These sub-topics are then further divided into different amounts of sub-categories
that relate to the sub-topic.

The Suomi24 data are available as a custom VRT format (“verticalized text”), which
represents a parsed version of the text for each posted message on the forum. The current
analysis focusses on the metadata of the posts, in particular the date and time of posting,
and the topic or sub-topic of the message board. The text content of the messages is not
included in the scope of this study. The data files are processed using Python with the
Python Data Analysis Library “pandas” and plotting library “matplotlib”. Temporal
patterns are studied by comparing the relative share of messages (when filtering by time
according to various criteria) to the overall average, to emphasise when and by how much
certain categories are over-represented or under-represented. This also corrects for the
natural increase and decrease in the number of messages in accordance to the usage of
the forum over time. To study the circannual distributions of messages, the data are binned
by the day and month. A rolling triangular window of 15 days is then applied in order to
reduce the effect of noise in the data, and extract more interpretable patterns.

Results
The results presented in this study are few and limited to a small number of topics. A more
thorough review of the temporal patterns and variations of health information behaviour
in the Suomi24 discussion forum will be presented in another upcoming paper. For this
paper, we chose to present three interesting patterns from the health category, on three
different time-scales including a circadian, circaseptan and circannual, or seasonal level.
The examples in this study were chosen from the larger sub-topics within the health
category, based on the interest and number of messages, as well as the recurring robust
patterns presented in regard to temporal variations. Forum popularity based on the
number of messages for the whole discussion forum as well as the health category
between 2001 and 2017 can be seen in Figure 1. A clear peak in posted messages for the
whole forum, as well as the health category can be seen for the year 2006, after which the
number of messages has been decreasing.
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On a circadian level, analysis of the messages in the Suomi24 discussion forum shows
that all health-related discussions show a similar hourly distribution with a clear unimodal
curve as all other messages in the discussion forum (Figure 2).

However, when examining the distribution of messages to the various sub-topics within
the health category, clear temporal variations on a circadian level can be identified.
Especially topics related to depression (masennus), loneliness (yksinäisyys), weight loss
(laihdutus), alcohol (alkoholi), drugs (huumeet) and birth control (ehkäisy) show that there are
clear and recurring patterns and variations (Figure 3). Of these topics, weight loss shows a
different peak time, starting around six o’clock in the morning and continuing during the

8,000,000

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

All

M
es

sa
ge

 c
ou

nt

Year

Terveys

Figure 1.
Distribution of the

number of messages
in the health (terveys)
category compared to
all other messages in
the discussion forum
between 1 January

2001 and 31
December 2017

0.06

0.05

0.04

0.03

0.02

0.01

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour

All
Terveys

R
el

at
iv

e 
fr

eq
ue

nc
y

Figure 2.
Comparison of hourly

distribution of
messages in the health

(terveys) category
compared to all other

messages in the
discussion forum

Masennus
Yksinäisyys
Laihdutus
Alkoholi
Huumeet
Ehkäisy

+100

+80

+60

+40

+20

+0

–20

–40

–60
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hour

R
el

at
iv

e 
sh

ar
e,

 d
iff

er
en

ce
 fr

om
 a

ve
ra

ge
, %

Figure 3.
Comparisons between
message volumes for

depression (masennus),
loneliness (yksinäisyys),
weight loss (laihdutus),
alcohol (alkoholi), drugs

(huumeet) and birth
control (ehkäisy) on a
circadian time-scale

779

Health
information
behaviour



forenoon, while depression, loneliness, alcohol and drugs, which are more related to mental
health and substance abuse issues, show a higher message rate during night time. Messages
in the birth control topic again show a more evenly distributed curve, with a clear trough in
the early morning.

On a circaseptan time-scale, the discussion forum as a whole shows a clear and recurring
pattern for message distribution (Figure 4). The health category follows this pattern, with
higher activity in the beginning of the week, and a clear trough on Saturday.

Again, when examining topics within the health category, temporal variations in
health information behaviour become visible on a circaseptan time-scale as well. As
Figure 5 shows, the patterns for alcohol (alkoholi) and birth control (ehkäisy) are clearly
opposed, with birth control showing increased behaviour during the beginning of the
week while alcohol discussions are less active. This pattern is then turning during the
middle of the week, and during the weekend, interest in alcohol is clearly peaking, while
activity for birth control is at its lowest.

On a seasonal or circannual time-scale, a comparison between the health category and
all other messages shows that health-related discussions have a slightly higher number
between January and September (Figure 6). More generally, all discussions follow a
bimodal distribution, with peaks in the beginning of the year and in late summer and
during autumn. The peaks during both early year and late summer and early autumn are
slightly higher for health-related messages. Clear troughs are visible during summer and
the end of the year, around Christmas.

There are also clear differences in circannual rhythmicity within the health category.
Health information behaviour in relation to loneliness (yksinäisyys), weight loss (laihdutus)
and alcohol (alkoholi) show clear and recurring patterns (Figure 7). These are more evident
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for loneliness and alcohol, where bimodal peaks are visible during the end of the year,
around the Christmas holidays, and in summertime, in contrast to the overall patterns of the
discussion forum. These topics also present clearer troughs in between the peaks.
For weight loss, there is a peak in mid-January and the beginning of July.

Discussion
The findings presented in Figures 1–7 are the initial steps towards understanding recurring
temporal rhythms in health information behaviour. The few presented examples of
longitudinal temporal analysis of health-related discussions in the Suomi24 discussion
forum clearly show that there are robust, recurring patterns for online health information
behaviour on all different time-scales. This rhythmicity and these temporal patterns and
variations are difficult to capture by surveys, interviews or questionnaires, and are therefore
not easily comparable to previous findings on health information behaviour. Some of these
temporal patterns, with increased behaviour at the beginning of the day, week, year or after
summer vacation, could be seen as aspirational behaviour, and interpreted as a kind of
“healthy new start” or “fresh start” (Dai et al., 2014; Gabarron et al., 2015). This is
particularly evident on a circaseptan and circannual level for health-related discussions.
This implies that these days (such as the beginning of the workweek or year) would be when
people are most motivated to pursue their aspirations or most likely to think about their
health (Gabarron et al., 2015). Especially for health information behaviour related to weight
loss, there are clear implications for this effect, as also noted by Dai et al. (2014). With regard
to topics related to mental health and substance abuse, such as depression, loneliness, drugs
and alcohol, the Suomi24 data present peaks during night time, similar to previous findings,
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especially for depression related health information behaviour (Tana et al., 2018).
On a circadian, circaseptan and circannual level, rhythmicity in health information
behaviour for substance abuse, in this case alcohol, follows previously recognised patterns
with peaks in the evening and night, as well as in the weekend and December
(Mustonen et al., 2010). As for the examples above, on a circadian and circannual level, there
seems to be a clear division between rhythmicity in physical and mental health interest. As
the aim of this paper is to present the infodemiology approach and assess it critically,
further analysis of results fall outside the scope of this aim. However, a more thorough and
in-depth analysis of health-related discussions, as mentioned, will be presented in an
upcoming article by the same authors.

Limitations and critical assessment of the approach
As with all other methods, the infodemiology approach also presents certain limitations
that need to be discussed. It needs to be noted that the strengths and limitations of the
infodemiology approach presented in this paper are not based on a systematic review, but
are instead identified and evaluated based on the literature cited in this paper. The first
and foremost limitation of using infodemiology metrics in general to study health
information behaviour is that this method only monitors the segment of the population
that uses the internet for health information behaviour. However, as statistics show,
internet adoption is globally reaching high penetration, and especially in developed
countries, the majority of the population is using the internet as a means for health
information behaviour (Zeraatkar and Ahmadi, 2018). Nonetheless, the populations using
internet are not representative for the whole population, and as noted earlier, not all Finns
use the internet for health-related matters, so there are methodological biases present.
This is especially evident for discussion forums, where statistics show that participation
has been decreasing, and today, less than 8 per cent of the population contribute to
discussion forums in Finland, compared to 24 per cent in 2014 (Tilastokeskus, 2017). This
can lead to underrepresentation of some population segments in the online society, and not
representing or reflecting their interests and needs (Mamiya et al., 2017; Guy et al., 2011).
Another related limitation is the lack of demographic data. This is common for
infodemiology metrics, and as there are no demographic data available, we have no way of
knowing exactly who has produced the digital traces aggregated and analysed
(Eysenbach, 2011). This prevents researchers from drawing conclusions on different
demographic characteristics in relation to health information behaviour. This limitation is
important to bear in mind, as socio-demographic variables such as gender and level of
education have, as noted above, have an impact on health information behaviour (e.g. Ek
and Niemelä, 2010; Ek et al., 2013; Marton and Wei Choo, 2012; Tilastokeskus, 2017, p. 36;
Yan, 2010). For this specific study, where focus lies on temporal variations and patterns,
these limitations are of a lesser concern.

Another key limitation arising from conducting quantitative analysis is the limitation
of semantics (Eysenbach, 2011; Mavragani et al., 2018). Without analysing content, there is
no way of knowing the underlying reasons for, in this case, posting something to the
discussion forum. It is therefore unclear why an individual writes a message in the specific
thread at a specific time, which makes the purpose for health information behaviour
unclear. However, as earlier research on health-related discussions in Suomi24 has shown,
it is reasonable to assume that the reason people seek and share health-related information
in the Suomi24 forum is because of either an information need or to share similar personal
experiences about the issue in question (Savolainen, 2011). Moreover, the purpose of this
study is not to find out the whys, hows or whats of health information behaviour, but
rather to bring focus on the question when. Therefore, qualitative analysis of message
content is left for further research.
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For this particular study, a further limitation is that it only analyses one discussion
forum. There are of course many other highly active discussion forums in Finland, of which
some are specifically related to different health concerns and issues. In addition, some social
media sites have become increasingly important in information and knowledge sharing for
specific health-related issues. However, the Suomi24 discussion forum is still the largest and
most popular discussion forum, ranging back to times before social media giants like
Facebook and Twitter, and the only one available as open data, and therefore applicable for
the infodemiology approach. In the future, it would be valuable to compare different
discussion forums for a more comprehensive picture of the temporal variations of health
information behaviour.

Other issues rising from the novel use of web data and sources are the issues of ethics,
anonymity and privacy (McKee, 2013). Although automatic tracking and aggregation of
published, public, open data sources on the internet do not normally raise privacy issues or
even the involvement of ethics board approvals, in some cases or digital venues users may
expect that privacy issues be taken into account (Eysenbach, 2011). Anonymity on the
internet can also be seen as a backbone for infodemiology research and metrics, as the
internet provides users with protection against stigma and stereotyping when
communicating (Mamiya et al., 2017). Some of these issues are more evident while
conducting qualitative research, for instance when analysing user-created textual content in
virtual communities or discussion groups related to health, and when personally identifiable
information, such as usernames, geographic origin or internet protocol address remains in
the data set (Eysenbach, 2011). This limitation, as relevant as it is, is less important for the
current study, as neither messages nor identifying factors are taken into account, and the
data analysed are public (McKee, 2013).

Strengths and implications
Despite the limitations in utilising the infodemiology approach with its methods and
metrics to study health information behaviour, the implications and strengths that they
bring outweigh many of the weaknesses. Using large data sets such as the Suomi24 data
allows for more longitudinal studies on temporal variations of online health information
behaviour, in contrast to “snapshots” provided by surveys or questionnaires. This allows
identifying patterns of interaction, which, as Giddens (1979) state, cannot be identified or
revealed unless examined over time. As an increasing amount of digital data is gathered in
relation to health and health information behaviour, a clearer picture of how people
interact and behave in relation to their health, is emerging. Studying and analysing this
data can yield in a more holistic view of health and health behaviours, and even reveal
completely new trends, patterns and correlations. Identifying clear and robust patterns
and rhythms also facilitates the prediction of the future, making precautionary action
possible within health promotion and prevention (Adam, 1990; Ayers et al., 2014).
Discovering and understanding these health-related temporal rhythms for the Finnish
population therefore has strong potential for behavioural gains as well as improving
public health. Health promotion campaigns could immediately be made more cost effective
by targeting the population at the right time. Considering the temporal aspects and
patterns of health information behaviour on different time-structures, at times when more
individuals are contemplating their health and engaging in health-related behaviour could
have substantial impact on interventions (Ayers et al., 2014).

Utilising infodemiology metrics also has another methodological strength, as it avoids
the interviewer bias, whereby what is said is influenced by the researcher (McKee, 2013).
Data from the Suomi24 discussion forum involve no direct contact between the subjects and
the researcher. Time stamps for messages are generated automatically, making data
collection and analysis rapid, even real time, with the right tools.
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Further research
As previously noted, an in-depth analysis of the temporal variations of health-related
discussions will be presented in an upcoming article. Apart from this, it would, as noted
earlier, be fruitful to conduct content analysis on the messages, in order to see if and how
message content differs during different time-scales. It would also be useful to categorise the
messages into, for instance, information needs and information sharing, to identify
rhythmicity and temporal variations of these specific categories. For this kind of analysis,
novel research methods have started to emerge, like the use of natural language processing
to discover themes or topics in text within large data sets (Dredze and Paul, 2014) or
sentiment analysis to detect emotion or expressed peer-support within discussion forums
(Biyani et al., 2014).

Conclusions
By utilising the infodemiology approach and metrics, it is possible to study time and
temporal variations and patterns in health information behaviour. Adding the aspect of
time to research on health information behaviour can potentially complement
epidemiological data, as well as provide insights for health-related behaviours that fall
outside the scope of traditional epidemiologic data collection methods to get a more
holistic picture of health and diseases, including data on preclinical events and their
behavioural aspects (Eysenbach, 2009). Surveillance is a backbone of public health
activities that provides insights into population health status to guide the development,
management and evaluation of interventions (Gostin, 2006). Time and time of events are a
crucial aspect of this surveillance, as well as, more broadly, in epidemiological research
(Rothman and Greenland, 2014). A broader understanding of the different temporal
patterns and trends for health information behaviour, based on behavioural web data, can
therefore aid and complement in creating optimal interventions and health promotion
campaigns at times when behaviours are active. This in turn can aid in early intervention,
which can be beneficial for positive health outcomes (Lambert and Loiselle, 2007).
The field of information science, and health information behaviour, has a key role in
infodemiology, by bringing evidence for health-related issues that traditional research has
not been able to capture. Focussing on time and studying when health information
behaviour happens can thus have far-reaching consequences.
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