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Abstract

Objective: Rigorous research in the last decade has demonstrated the efficacy of specific techniques in positive
psychology that enhance psychological well-being. Online positive psychology interventions have the potential to
enhance positive well-being in large audiences, including hard-to-reach target groups. There is lack of data on the
effect of positive psychology exercises on happiness and on depressive symptoms in comparison with physical
activity exercises and a placebo group.

Methods: The Finnish Happiness-Flourishing Study (FHFS) included a TV-program on happiness interventions,
a happiness website and an email-based happiness exercise intervention. A three-armed randomized controlled trial
was conducted on 3274 Finnish adults in 2011. The participants were assigned to receive happiness exercises,
tailored physical activity exercises or reading exercises on happiness (i.e. placebo). The statistical analyses were
based on the intention-to-treat principle and linear random effects models.

Results: The overall happiness scores increased (X2=7.83, df=3, p=0.05) and depressive symptoms decreased
(X2=5.5, df=1, p=0.02) during the intervention, with more pronounced changes among women. The order of the four
different happiness exercises did not have a systematic effect on the happiness score. The exercise on good deeds
had the strongest effect on the improvement of the happiness score (change =4.50, 95% Cl=2.47-6.52) whereas for
the optimism exercise there was no improvement (change=0.46, 95% CI=-1.55-2.48). In the physical exercise group,
there was an increase in the proportion of physically active subjects as compared with the placebo reading-group
(X2=8.4, df=1, p=0.004).

Conclusions: This study produced further evidence on the effectiveness of web-based happiness exercises. The
results amplify the need for tailored online interventions for reducing well-being disparities. Further studies also need
to increase the current understanding of the relative importance of variety in the application of positive interventions.
Online positive psychology interventions are a potential tool in helping reduce well-being disparities, particularly
among populations with little access to other services.
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Introduction

Positive psychology is the scientific study of psychological well-
being and optimal functioning, which provides a perspective to mental
health beyond the absence of psychiatric symptoms [1]. Rigorous
research in the last decade has demonstrated the efficacy of specific
techniques that enhance psychological well-being [2,3]. In particular,
internet-based interventions have proved to be a valuable tool in
spreading information and exercises based on positive psychology.

In a national sample from the US, two thirds of internet users have
been estimated to search for health information in 2005 [4].
Individuals seeking for enhanced well-being or happiness, who would

be unable or unwilling to receive face-to-face counseling, might have
motivation and access to online intervention options, thus, online
interventions have the potential to promote mental well-being on a
broad scale. Other advantages of online interventions include their
cost- and time-effectiveness [5]. In a previous study on 912 self-help
seeking adults in the United States, the subjects arrived at the study
website either by web-browsing or via a well-known positive
psychology website. The participants reported depressive symptoms
above the mean of the general population and life satisfaction below
the average [6]. There is great potential in offering web-based
interventions to happiness seekers with mild symptoms of mental
disorders, as depressive symptoms may be decreased [3] and the
development of more serious mental health disorders may be
prevented [7,8]. TV-programs and movies based on happiness may
also attract individuals with needs to increase their own well-being. As
a recent review [9] points out, the potentially advantageous
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combination of different media, such as television, radio and internet-
based techniques, has remained underused.

Web-based interventions using cognitive behavioral therapy (CBT)
[10] and behavioural [11] techniques are well-known to alleviate
depressive symptoms, and recent research has shown web-based CBT
to promote positive mental health [12]. Regarding web-based positive
psychology interventions, several randomized controlled studies
(RCT) have shown that they also have the potential to enhance
positive well-being and to alleviate symptoms of depression. So far,
these RCT:s have had relatively small samples with up to 10-week
interventions. One of the first happiness-interventions included 577
adults recruited from a positive psychology website based in the
United States [2]. Three out of five happiness exercises decreased
depression and increased happiness after the 1-week post-intervention
assessment, namely the gratitude visit, three good things in life, and
using signature strengths in a new way. The latter two last exercises
increased happiness and decreased depressiveness for six months [2].
Since this classic study, several studies have repeated these results
comparing happiness exercises with placebo controls [13,14]. There is
little previous information on the relevance of the order of happiness
exercises and efficacy of separate happiness exercises. Furthermore,
although physical exercise has also been shown to alleviate symptoms
of depression [15] and to moderately increase overall wellbeing
(physical, mental, and job wellbeing)[16], few studies have assessed the
effects of physical exercise on happiness [17]. Online physical exercise
interventions have reported promising results on increasing physical
activity, [18], but the effects on online physical activity interventions
on depressive symptoms or happiness have remained understudied.

The Finnish Happiness-Flourishing Study (FHFS) included a TV-
program on happiness interventions, a happiness website and an
email-based happiness exercise intervention delivered to a sample of
3274 Finnish adults. The aim of this study was to examine the efficacy
of email-based happiness exercises in comparison to email-based
physical activity exercises, and a placebo control (email-based reading
exercises). Regarding primary outcomes, it was hypothesized that: 1)
the happiness exercise group would demonstrate an increase in
happiness and decrease in depressive symptoms at post-assessment; 2)
the physical exercise group would demonstrate a decrease in
depressive symptoms at post-assessment; and 3) there would be no
changes in happiness or depressive symptoms in the placebo group.
Regarding secondary outcomes, it was hypothesized that; 4) the order
of happiness exercises would not affect the level of change in
happiness scores; 5) there would be no efficacy differences between the
different happiness exercises in increasing happiness scores; and 6) the
level of physical activity would increase in the groups receiving
physical exercises.

Data and Methods

Data

The Finnish Happiness-Flourishing Study (FHFS) is a national
collaboration with Duodecim Medical Publishing Ltd., the National
Institute for Health and Welfare, Tarinatalo [a Finnish television
production company], and Finland’s national public service
broadcasting company YLE. The study website offering access to the
happiness test was freely available and a part of the national publicly
funded Finnish Broadcasting Company’s (YLE TV1) large website that
offers e.g. a national news service, tv-program information, national
weather information, regional news and a national, educational section

for the primary schools, as well as archives of published TV-programs.
The happiness website gave detailed information of the TV-program,
the five main characters, some information on the happiness-test and
its development by the Finnish Medical Society Duodecim and the
National Institute of Health and Welfare in Finland, as well as the link
to the actual test.

At the happiness website, 139 462 Finns measured their own
happiness on the Happiness-Flourishing Scale (HFS) and identified
their important sources of happiness. They also answered
questionnaires including background variables (described below). The
baseline results from this study have been described in detail [19].
After entering their own answers to the HFS, the participants received
information on how their results compared to other Finns. After
excluding subjects who were not within the age range 18-99
(n=38 205), about 10.4% (N=10485) of the sample had given approval
for re-contacting.

Procedure

On 21.1.2011 (and a reminder email on 26.1.2011) we recontacted
the 10,485 subjects by email and described our forthcoming email-
based intervention as an opportunity to get involved in happiness
training. As an encouragement to participate, the subjects were
informed about a lottery for 10 Happiness skills -books and one trip to
Athens for two persons (i.e. a voucher for a travel agency). The email
stated that the intervention would include three different types of
happiness-enhancing exercises, but they were not informed about
which group they would be randomized into. The happiness
intervention was conducted between 31.1.-13.6.2011 for 3274
participants, and the post-intervention questionnaire was sent in
20.6.2011 (reminder on 5.7.2011). The study also included a 12-month
follow-up period (data not shown).

The intervention study was approved by the ethics committee for
Ethics Committee for Gynecology and Obstetrics, Pediatrics and
Psychiatry in the Hospital District of Helsinki and Uusimaa, Finland.

Intervention

In this three-armed randomized controlled trial, participants were
assigned to the Happiness group (n=1038), to the physical exercise
group (n=1181) or to the placebo-control (reading exercise) group
(n=1055) using the random allocation with ratio 1:1:1. The random
allocation sequence was generated using computer software, and the
sequence was merged with the list of email addresses. All participants
received instructions by email. Altogether the intervention lasted for 4
months.

All participants received short texts to read, which we selected from
the Finnish book "Happiness skills" [20]. The 26 different texts could
be considered as general information about happiness and did not
comprehend any happiness exercises.

The participants in the happiness group also received sequentially
four different happiness exercises: good deeds, gratitude, optimism
and reducing rumination. Each exercise consisted of seven messages
containing instructions and each message was delivered approximately
every four-five days, i.e. 3 messages per two weeks. The different
groups of exercises were delivered in random order. The exercises
were placed before the short texts in the emails. Because it was not
known if different orderings of the exercises had different effect on the
outcomes, this intervention group was further randomized into 24
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groups defined by all possible permutations of the four exercises. This
allowed us to test possible nonequivalence of the permutations. The
good deeds exercise was based on the “random acts of kindness’-
exercise [21]. The participants were encouraged to do 3-5 small good
deeds within one day during the next five days. Each new message
reminded the participant of doing the good deeds during the next five-
day-period, and the messages also described in one sentence what kind
of positive effects this exercise could induce. The gratitude exercise
[22,23] encouraged participants to choose one night during the next
five days for doing the following exercise” : In our lives there are a lot
of things, small and big, that we could be grateful for. Think about the
events of the past few days and write down in your diary five things
you are grateful for.” The next six gratitude messages reminded of the
original exercise and described in one sentence what kind of positive
effects this exercise could induce. The optimism exercise was based on
writing about life goals [24]. Take paper and a pen and reserve 15
minutes for this exercise. Imagine what your life is like in five years,
when you have reached all your goals. Write about this for 15 minutes
as vividly, concretely and in detail as possible. Continue writing this
description for 15 minutes every day for the next four weeks. The next
five messages reminded of the writing exercise and briefly referred to
ancient philosophers’ thoughts on optimism. The seventh message
encourages to question and doubt pessimistic thoughts as a tool for
strengthening optimism [22]. The message specifically advises as
follows” : The following questions may assist in restructuring a
situation: What else could this situation or experience mean? Could
something good come out of this? Does this offer me new possibilities?
What could I learn and apply in the future? Did this unravel or
develop some strength in me? The first message on reducing
rumination [22,25] described the harmful effects of excess rumination.
The second message advised to focus one’s attention to other activities
(with examples) than rumination. The third message described how to
reserve 30 minutes for daily rumination instead of constant
rumination. The fourth message encouraged to make a list of
situations that activate rumination, so that one could avoid these
situations. The fifth message advised on how to bring one’s attention
back to the present moment, if rumination bothers you during the
night”: In your mind, list five things that you see, list five things that
you hear, and list five things that you can feel touching your body.
Next, list 4-3-2-1 item in each category”. The sixth message instructed
how to bring oneself back to the present moment by focusing on one’s
breathing. The final, seventh message gave advise on learning to relax
oneself by progressively tensing and relaxing each area of one’s body.

The reading exercise group (=placebo group) received only the
short texts, with an interval of four-five days (in order to send 3
messages per two weeks). On the basis of their previous physical
activity and health status assessed by The Physical Activity Readiness
Questionnaire (PAR-Q)[26], the physical exercise group was divided
into five subgroups. Subjects with various health conditions only
received the short texts (0-group, n=201) and were thus moved to the
placebo group to receive only the reading exercises. The other four
groups: group 1 (n=244), group 2 (n=318), group 3 (n=403) and group
4 (n=15) received instructions on physical exercises customized
according to their fitness levels, i.e. light exercise for group 1 with no
previous exercise habits, and intense exercise for group 4 with
reported regular competitive exercise. The exercise program included
three training periods, which lasted for 6 weeks each. At the beginning
of each period, the participants received their forthcoming exercise
program. In addition, each group received once a week a supportive e-
mail,which included alternative forms of physical activity and tips for

muscle maintenance and the importance of rest. In order to be suitable
for as many as possible, individuals were given a number of of exercise
options, ie. running, walking, swimming, cycling, ball games and
skiing. The amount of exercise per week and the intensity of each
exercise were dependent on the previous exercise background (group 1
light exercise, group 4 heavy exercise). The participants in exercise
group 1 were encouraged to exercise 3-4 times per week with moderate
intensity. The suggested exercises were walking, Nordic walking,
skiing, team sports, swimming, cycling and gardening. Each training
session was recommended to last from 30 minutes to 1 hour.

The participants in exercise group 4 were suggested to exercise 6-7
times per week with high intensity. Especially running,
swimming,cycling, skiing, gym training and ball games were
recommended. Each training session was designed to last from 45
minutes to 2 hours depending on the intensity-level. The amount of
exercise and training-intensity in group 2 and 3 varied between group
1 and 4 exercise programs.

The repeated measurements for all variables were assessed at
baseline and at the end of the 4-month intervention. In addition,
during the intervention each participant received two mini-inquiries at
the change points (i.e. every 7 weeks) of the happiness exercises. The
mini-inquiries included questionnaires on three dimensions of well-
being; (happiness scores (Happiness-Flourishing Scale (HFS)
described under “Variables”), happiness skills (data not shown) and
life satisfaction (data not shown). The measure and time point was
randomized individually. No interim analyses were performed.

Outcome variables

In order to define the efficacy of the happiness, physical activity and
reading exercises, our primary outcome measure was happiness, and
the secondary outcomes were depressive symptoms and physical
activity.

A new Happiness-Flourishing Scale [HFS] was developed as a part
of the Finnish Happiness Flourishing Study. The HES consists of 10
items [1-7 scale] including experienced general happiness, moments of
happiness, actualization of competences, optimism, meaningfulness of
life, a life worthwhile, being in charge of one’s life, comparative
happiness, contribution to other people’s lives and inner peace. After
each item, subjects were to choose an answer that best reflected their
answer on a 7-point Likert scale.

Depressive symptoms were measured by the 21-item modification
[27] of the Beck Depression Inventory (BDI), which has been shown to
have good psychometric properties [28-30]. BDI sum scores were
categorized as follows: none or minimal depressive symptoms 0-9,
mild depressive symptoms 10-18, and moderate to severe depressive
symptoms [19-63].

As the exercises focused on leisure time physical activity, leisure
time physical activity was recorded by asking the following questions:
“How much do you exercise and strain yourself physically in your
leisure time?” (the so-called Gothenburg scale)[31].

Background variables

The level of education was captured with an open-ended question”
How many years have you attended school or studied full time?” and
participants responded as full years. Education was included in the
analyses as a continuous variable. Answering options on current main
activity included full-time employment; part-time employment;
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student; retired; unemployed or laid off; management of own
household or care of family members; conscript or non-military
service; other? Employed subjects were asked about their work
capacity as follows” : Do you think that, as far as your health is
concerned, you could continue in your present occupation after two
years? Followed by the options 1) probably not; 2) I am not sure; 3)
probably yes. The answering options for living arrangements included
alone; with spouse; with spouse and children; with children (single
parent/joint custody); with parent(s); other. Relationships satisfaction
was assessed by the item “My relationship with my spouse/partner
is...” followed by 7 options ranging from very good to very poor.

Smoking was assessed by the question “How many cigarettes, cigars
or pipefuls do you smoke per day? Smoking at least once a day was
dichotomized as regular smoking. An open text field followed the
question “How many units of alcohol do you drink per week?” At least
7 weekly doses for women and 14 for men were categorized as heavy
alcohol consumption. Binge drinking was assessed with the question:
“How often do you drink enough alcohol to feel yourself drunk?” with
4 response options. The answers reflecting drinking at least once a
week were categorized as “regular binge drinking” for analyses. Length
of sleep was captured with an open-ended question” How many hours
do you usually sleep during one night”? The following questions
concerned memory, learning and concentration and were followed by
the answering options very well; well; adequately; poorly; very poorly.
“How well does your memory work?”, “How easily do you learn new
information and new things to do?” and “How well can you
concentrate on things?” Current use of medications was assessed as
follows: “Have you used any of the following types of medicines over
the past 7 days?” (Sedatives; sleeping pills; anti-depressants) followed
by yes/no alternatives.

Current stress factors were assessed only in the post-intervention
questionnaire. Work-related distress was captured by asking “How
often do you find yourself annoyed that you have to push yourself to
the limit in order to cope with your present job or workload?” with 5
response options. “Offspring-related distress was asked as follows
“Have your children caused you particular problems?” with 6 response
options.

Four items measured adherence. The following sentences were
followed by a 7-point Likert scale; “I performed the exercises as
instructed”; “The instructions of the exercises were clear”; the exercise
program was useful” (Appendix 1). The question “Would you
recommend these exercises to others?” was followed by the response

options Yes; No; and cannot say (Appendix 2).

Drop out

Drop out was analyzed using logistic regression, where missingness
in the final inquiry was explained by different covariates. These
included age, gender, school years, living arrangements, medication
(antidepressants, sleeping medication, tranquilizers), smoking,

physical exercise, BDI score and happiness score. To test whether the
effect of the covariate on missingness was different in the treatment
groups, covariate-treatment group interactions were also included in
the models. After examining all covariates in separate models, a joint
model was estimated where all significant (p<0.1) predictors and
interaction terms were included in the same model in order to detect
all independent effects of the covariates.

Participant flow through the study from recruitment to data
analysis is summarized (Figure 1)

Statistical analyses

The HFS was validated in a separate sample representing the
Finnish population aged 17-79, which was contacted in March and
recontacted in November of 2009 (N=2035, RR=41%). The construct
validity was studied estimating convergence with two known life
satisfaction scales, the Satisfaction With Life Scale (SWLS)[32] and
Life Satisfaction (LS) [33]. The standardized (0-100) population mean
of the HFS was 69 points (men 68 points and women 70 points). The
reliability coefficient Cronbach’s alpha was .93. The convergence
correlations of the summed scales were .81 (SWLS) and .76 [LS].

The means and standard deviations were reported as the descriptive
statistics in addition to the group sizes and number of observations in
different treatment groups and measurements points. The statistical
analyses were based on the intention-to-treat principle and linear
random effects models [34]. Random effects models allow the
regression coefficients to vary randomly from one individual to the
other accounting for the similarity among repeated observations of the
same subject. These models also account for missing data assuming
missing-at-random. In the primary analysis the fixed effects of the
model contained the main effects of treatment groups and the follow-
up time as categorical covariates, and their interaction.

The individual random effects part of the model contained the
intercept and slope thus allowing individual linear trends, disregarding
the physical exercise groups, which only included the random
intercept. The nonequivalence of the three treatments was tested using
the Wald test on the interaction terms. Gender-time interaction was
also tested to determine possible differences of treatment effects
between men and women.

BDI score was logarithmized for normality. Physical exercise was
analyzed by random effects logistic regression using a dichotomised
outcome, which divided the sample into physically active and non-
active participants (active=heavy exercise at least 3h per week or
regular competitive exercise, non-active=no exercise or light exercise
at least 4h per week). Sample characteristics associating with both the
outcome variables and the intervention group were studied in order to
define possible confounding factors. Age was the only background
variable found to be associated with the intervention group and
therefore was included in the analysis as a confounding factor.
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Figure 1: Flow chart

In the secondary analyses the nonequivalence of the happiness
exercise permutations inthe happiness group was tested. That is, we
tested whether changes in the happiness scores depended on the order,
in which the four different happiness exercises were administered.
Men and women were analyzed jointly. A random effects model which
contained the permutation group as a categorical covariate and follow-
up time as main effects and their interaction as fixed effects was
applied. The random effects part was the same as in the model of the
primary analysis. As the number of permutations, 24, was relatively
large when compared to the number of participants in the happiness
group, another model, into which four binary indicator (dummy)
variables corresponding to the four happiness exercises and having
values 0 or 1 were entered, and in which the outcome variable was
defined as the change in the original outcome variable values during a
measurement interval, was applied. The random effects part of the
model contained only the intercept. Because the mini-inquiries
contained only a subset of the outcome measures or subjects did not
participate to some mini-inquiries, there were 1, 2, 3 or 4 exercises
during a measurement interval, thus at least one and at most four of
the dummy variables had value 1 for the measurement interval,

respectively. For example, if a subject participated in every
measurement point and was assigned to the optimism exercise
between baseline and the first mini inquiry, the dummy variable
corresponding to the optimism exercise had value 1 and all other
dummy variables corresponding to the other exercises had value 0 for
that measurement interval. If a subject answered only the baseline and
the post intervention questionnaires, he or she did all the exercises
between the two measurements and hence during that interval all of
the dummy variables had value 1. Because the order of the happiness
exercises was randomized, the order of the happiness exercises was
ignored thus allowing a comparison of the effects of the different
happiness exercises.

Results

Characteristics of the data

There were 420 men (13%) and 2731 women (83%), and 123 (4%)
subjects who did not indicate their gender in the final sample (Table
1). In the age range 18-78, the mean age was about 42 years. The
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participants had completed 16,5 (sd 3,2) years of school on average.
About on third lived alone, one third lived with their spouse, and one
third lived with their spouse and children, whereas about 10% were
single parents.About 11% were current smokers. While training for
sports competitions was rare, less than one third exercised very little,

one third engaged in light physical activity at least 4 hours a week, and
over one third performed heavy exercise at least 3 hours per week.
About 14% used antidepressants, whereas use of sleep medications or
tranquilizers was less common.

p (Physical
Place control | Physical exercise | exercise vs | Happiness P (Happiness vs
group N=1038 groupN=1181 placebo) group N=1055 placebo)
Age?
mean (sd) 41.86 (12.25) 42.9 (11.83) 0.04 42.85 (12.15) 0.07
Gender®
N (%) Male 142 (14) 150 (13) 0.54 128 (13) 0.39
Female 862 (86) 992 (87) 877 (87)
Missing 34 39 50
Education years?
mean (sd) 16.58 (3) 16.37 (3.2) 0.09 16.49 (3.3) 0.52
Current main activity®
Full-time
N (%) employment 620 (60) 748 (63) 0.72 619 (59) 0.55
Part-time
employment 82 (8) 90 (8) 82 (8)
Student 102 (10) 97 (8) 83 (8)
Retired 92 (9) 98 (8) 112 (11)
Unemployed or laid
off 51 (5) 51 (4) 61 (6)
Management of
own household or
care of  family
members 42 (4) 44 (4) 47 (4)
Other 49 (5) 53 (4) 51 (5)
Work capacity®
Do you think that, as far as
your health is concerned,
you could continue in your
present occupation after
two years?
N (%) Probably not 59 (6) 50 (4) 0.23 61 (6) 0.51
| am not sure 91 (9) 96 (8) 108 (10)
Probably yes 865 (85) 1008 (87) 863 (84)
Missing 23 27 23
Living arrangements®
N (%) Alone 291 (28) 298 (25) 0.50 285 (27) 0.51
With spouse 320 (31) 357 (30) 330 (31)
With spouse and
children 297 (29) 378 (32) 315 (30)
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With children (single

parent/joint custody) | 86 (8) 102 (9) 96 (9)
With a  parent/
parents 11(1) 14 (1) 8 (1)
Other 33(3) 32(3) 21(2)
Relationship satisfaction
(-3;-3)°
mean (sd) 1.45 (1.53) 1.53 (1.45) 0.15 1.46 (1.5) 0.83
Smoking daily?
N (%) No 928 (89) 1046 (89) 0.58 939 (89) 0.82
Yes 110 (11) 135 (11) 116 (11)
Heavy alcohol
consumption® ¢
N (%) No 142 (14) 154 (13) 0.56 134 (13) 0.60
Yes 870 (86) 1023 (87) 886 (87)
Missing 26 4 35
Binge drinking®
At least 2 times a
N (%) week 28 (3) 33 (3) 0.29 30 (3) 0.89
At least once a
week 88 (9) 117 (10) 84 (8)
At least once a
month 258 (25) 256 (22) 249 (24)
Less than once a
month 660 (64) 765 (65) 683 (65)
Missing 4 10 9
Length of sleep?
mean (sd) 7.43(1.03) 7.4 (0.98) 0.44 7.42(0.97) 0.75
Memory®
N (%) Very good 171 (16) 182 (15) 0.5 155 (15) 0.17
Good 559 (54) 662 (56) 589 (56)
Adequate 254 (24) 287 (24) 273 (26)
Poor 51 (5) 44 (4) 33 (3)
Very poor 3(0) 6 (1) 5(0)
Learning®
N (%) Very good 209 (20) 211 (18) 0.1 199 (19) 0.77
Good 542 (52) 686 (58) 564 (53)
Adequate 255 (25) 253 (21) 256 (24)
Poor 28 (3) 28 (2) 34 (3)
Very poor 4 (0) 3(0) 2(0)
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Concentration®
N (%) Very good 156 (15) 186 (16) 0.21 178 (17) 0.36
Good 512 (49) 617 (52) 525 (50)
Adequate 304 (29) 318 (27) 304 (29)
Poor 58 (6) 57 (5) 42 (4)
Very poor 8 (1) 3 (0) 6 (1)
Anti-depressants?
N (%) No 887 (85) 1031 (87) 0.23 911 (86) 0.60
Yes 151 (15) 150 (13) 144 (14)
Sleeping pills?
N (%) No 951 (92) 1069 (91) 0.41 957 (91) 0.51
Yes 87 (8) 112(9) 98 (9)
Sedatives®
N (%) No 1000 (96) 1144 (97) 0.60 1012 (96) 0.70
Yes 38 (4) 37 (3) 43 (4)
Offspring-related distress
(1-6) ad
mean (sd) 3.41 (2.05) 3.63(2.01) 0.12 3.63(2.01) 0.12
Z\GQrk-related distress (1-5)
mean (sd) 2.56 (1.06) 2.48 (1.04) 0.29 2.45(1.01) 0.11
Happiness score (0-100) 2
mean (sd) 71.45(18.82) 72.88 (18.12) 0.07 71.91 (18.77) 0.57
BDI sum?
mean (sd) 8.67 (7.58) 8.13 (6.78) 0.08 8.47 (7.47) 0.54
Physical exerciseP
N (%) Not much exercise | 267 (26) 320 (27) 0.92 298 (28) 0.53
At least 4h light
exercise per week 355 (34) 397 (34) 361 (34)
At least 3h heavy
exercise per week 396 (38) 444 (38) 375 (36)
Training for sports
competitions 16 (2) 18 (2) 16 (2)
Missing 4 2 5

2 T-test used, ® Chi square test used, ¢ At least 7 weekly doses for women and 14 for men was categorized as heavy alcohol consumption,d Data

taken from post-intervention. Table 1: Sample characteristics in different treatment groups. Baseline data on 3274 Finns

Drop out

Altogether 1617 participants answered the first mini-inquiry, while
the second was completed by 855 participants, 281 in the Happiness
group, 282 in the physical exercise group and 292 in the placebo-
control group. The final attendance and attrition was similar in all

groups. Of the 3274 who registered, 1288 completed the final inquiry,

417 of which were in the Happiness group (attrition rate 60.5%), 438
were in the physical exercise group (attrition rate 62.9%) and 433 were
in the placebo-control group (attrition rate 58.3%). The total attrition
rate was approximately 60.7%.
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Age was a significant predictor of missingness in the final inquiry
suggesting that younger participants were more likely to drop out
from the study (p<0.001). There was a significant interaction between
antidepressants and treatment group: Antidepressant users especially
in the physical exercise group were more likely to drop out from the
study compared to antidepressant users in the placebo group (p=0.05).
An interaction between gender and treatment group was at borderline
significance (p=0.09) indicating that men in the happiness group were
more likely to drop out compared to men in the placebo group.
Baseline values of the happiness scores, BDI or physical exercise did
not associate with drop out in this sample.

Men Women

78 ---=

Physical exercise group 78
Happiness group Happiness group

Placebo control group Placebo control group

76 | 76 | -

Om—mm—.onTlL.

Physical exercise group

o

- <o
e

[ I
o’ =-

g0

74

HSF score
HSF score

72

70 4

68 68

T T T T T T T T

Baseline
N=2731 N=423 N=207

1st miniinquiry 2nd mini inquiry  Final inquiry

Baseline 1stminiinquiy 2nd miniinquiry ~Final inquiry
= N=1049

N=420 N=67 N=36 N=178

Figure 2: Changes in happiness score among men and women.
Total change in the score was significant (p=0.05). Gender-time
interaction was significant (p=0.03). Group-time interaction was
not significant (p=0.55). Baseline to 1% mini inquiry: 8 weeks; 1°
mini inquiry to 2"4 mini inquiry: 4 weeks; 2" mini inquiry to Final
inquiry: 8 weeks.

Placebo Physical

(reading) exercise Happiness

group groups group a Total

N % N % N % N %
Yes 262 60.65 | 286 66.05 | 292 70.36 | 840 65.62
No 39 9.03 |24 554 | 24 5.78 | 87 6.8
Undecide
d 131 30.32 | 123 28.41 | 99 23.86 | 353 27.58

Appendix 1: Would you recommend these exercises to others?

Happiness

The happiness score (HFS) was measured at four different time
points, which were the baseline, the first mini inquiry, the second mini
inquiry and the final inquiry. The happiness score increased
significantly in the whole sample during the intervention (X?=7.8,
df=3, p=0.05 Figure 2). The change in the happiness score was
different between men and women, indicated by the significant
gender-time interaction (X?=9.0, df=3, p=0.03). Women continued to
increase their happiness score throughout the study whereas for men
the change was not linear and the increase between the first and the
final inquiry was small. Sample sizes were comparatively small for men
in the mini inquiries, resulting to less accurate estimation. There were
no significant differences among either gender in the changes between

the different intervention groups indicated by the non-significant
group-time interaction (X?=5.0, df=6, p=0.55).

Physical

Placebo exercise Happiness

group groups group Total
The exercise
program was
useful 0.93 (1.5) 0.56 (1.69)a 1.01 (1.53)b | 0.83 (1.59)
| performed the
exercises as
instructed -0.36 (1.91) 0.4 (1.74)b | 0.01 (1.87)
The instructions
of the exercises
were clear 1.54 (1.41) 1.59 (1.56) | 1.56 (1.49)

Appendix 2 : (mean (sd), scale: [-3; 3])

Order and efficacy of happiness exercises

Secondary analysis for the happiness group alone (data not shown)
revealed that the order of the four different happiness exercises did not
have a systematic effect on the happiness score. The main effect of the
permutation group was not significant nor its interaction with the
follow-up time (X?=27, df=23, p=0.25 and X?=19, df=23, p=0.73,
respectively). However, when comparing the effects of the different
happiness exercises on the change in the original outcome variable
during a measurement interval, some differences were observed. The
overall effect of the type of the happiness exercise was significant
(likelihood ratio test=10.21, p=0.04). The good deeds exercise
appeared to have the strongest effect on the improvement of the
happiness score (change in the happiness score=4.50, 95%
CI=2.47-6.52) whereas for the optimism exercise there was no
improvement (change=0.46, 95% CI= -1.55-2.48).

Men Women

6.0 | 60 -8..

55 5.5 -

5.0 5.0 -

BDI score
BDI score

4.5 45

4.0 4.0 7

Physical exercise group
Happiness group

Placebo control group 3.5 -
T T T T

Physical exercise group
Happiness group
Placebo control group

35

Baseline
N=2731

Final inquiry
N=1049

Baseline Final inquiry
N=420 N=178

Figure 3: Changes in physical activity (i.e. Leave out the addition
“among men and women”).

Depressive symptoms

The BDI score decreased significantly in the whole sample during
the intervention (X?=5.5, df=1, p=0.02, Figure 3). The decline was
more pronounced among women than men (interaction term X?=7.3,
df=1, p=0.007). The changes did not differ significantly between the
intervention groups (X?=0.4, df=2, p=0.83). In subanalysis of low and
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high BDI points at baseline, there were few differences in the decrease
of BDI points between the intervention groups (data not shown).

Physical activity

The proportion of physically active subjects in the whole sample
decreased during the intervention according to the random effects
logistic regression analysis (X2=5.4, df=1, p=0.02 (Figure 4). However,
in the physical exercise group there was an increase in the proportion
of physically active subjects [placebo vs. physical exercise grp x time
interaction: X2=8.4, df=1, p=0.004. No significant gender differences
were observed in the change of physical activity in time.

Phys!c_al Not At least| At least 3h| Training
condition, y
onl much 4h light| heavy for sports
v exercis | exercise | exercise competitio
reading
. e per week | per week ns
exercises
Baseline (N) | 201 244 318 403 15
Post-
intervention 89 79 108 150 6
(N)
f},}:g“"’” rate| 557 676 | 66.0 62.8 60.0

Appendix 3: Attrition rate in different physical exercise groups.

Adherence

Over 60% of participants in all intervention groups would
recommend the program to others (Appendix 1), and the 70% of
recommenders in the happiness exercise intervention group differed
significantly from the placebo group. The happiness exercise group
was more likely than the physical exercise group to find the
intervention useful, whereas the happiness group did not differ from
the placebo group. The happiness group was more likely than the
physical exercise group to perform the exercises as instructed. The
groups did not differ on how clear they considered the instructions.

Discussion

Main results

A major public health challenge is to increase the awareness and
availability of interventions for mental health promotion. This study
on 3274 Finns examined the effectiveness of email-based happiness
and physical activity exercises compared with placebo emails
containing reading material. To the best of our knowledge, previous
web-based happiness interventions have not compared physical
exercise interventions with happiness exercises. Furthermore,
information on relevance if the order of happiness exercises is lacking.
The results support the first and second hypothesis as overall
happiness scores increased and depressive symptoms decreased from
pre- to post-intervention in the happiness exercise and physical
exercise groups. In contrast to our third hypothesis, also the placebo
group demonstrated an increase in happiness scores and a decrease in
depressive symptoms. In line with our fourth hypothesis, the order of
the four different happiness exercises did not have a systematic effect
on the happiness score. In contrast to our fifth hypothesis, the exercise
on good deeds had the strongest effect on the improvement of the
happiness score, whereas the optimism exercise appeared to have no

effect on happiness. Finally, as hypothesised, there was an increase in
physical activity in the physical exercise group, but not in the other
groups.

0 T
O Baseline
O Final inquiry
0 T
0 e ) I

£
%
8 03 L L e e
o
o
02 | | [l | [T
o1 1| | [~ | [T
= = N= [N= N= | N=
e 1034/433 | 1179438 1050| 417 B
0.0 Placebo Physical Happiness

Figure 4: Changes in physical activity among men and women.
Total change in physical activity was significant (p=0.02). Group-
time interaction for physical exercise group vs. placebo group was
significant (p=0.004). Baseline to Final inquiry 20 weeks/5 months.

Comparison with previous studies

Consistent with previous research [2,6,13,14], women were over-
represented and the sample was relatively well-educated. We found
women to increase their happiness score throughout the study,
whereas for men the change was not linear and the total increase in
happiness was small. Previous online intervention studies with a
majority of women have also reported increases in happiness [2,13,14].
Disregarding one study [2] that found no gender differences in
happiness, the previous studies did not assessed gender differences
[13,14]. The study on mainly male subjects [35] reported no
improvement on happiness symptoms. Further studies are needed in
order to determine ways to promote happiness among men.

We found that the order of the four different happiness exercises,
i.e. optimism, good deeds, gratitude and reducing rumination, did not
have a systematic effect on the happiness score. To the best of our
knowledge, no previous studies have reported results on the order of
exercises. The exercise on good deeds appeared to have the strongest
effect on the improvement of the happiness score. We suggest that the
advantage of the good deeds exercise may be concrete action instead of
pure mental work, as well as potential interaction with the social
environment, which is known to have happiness enhancing effects.
Optimism appeared to have no effect, whereas other exercises had
some effect on happiness scores. Shapira et al. [14] reported positive
changes with the optimism exercise, whereas Abbott and colleagues
[35] found no effect with a multi-component program including
optimism. In our study, the optimism exercise on writing about life
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goals for 15 minutes may have been too vague or repetitive. In line
with our study, Seligman et al. found [2] the gratitude exercise
effective in increasing happiness. As the length of follow-up varied
between 1 week and 4 months due to the drop-out of the individuals,
any comparisons between studies must be cautious. Furthermore, we
used a new measure of happiness, i.e. the HFS. Our measure is based
on an integrated well-being model and is thus similar to measures
used in two previous studies [2,14].

There is consistent evidence on the benefit of physical activity in
alleviating depressive symptoms [15], but less previous evidence on
physical activity having beneficial effects happiness. However, one
must bear in mind that all intervention groups received placebo
readings on happiness, which may have alleviated the differences
between the intervention groups and increased the happiness of
subjects in the physical activity and placebo groups. Furthermore, the
mere attention produced by receiving emails from a virtual happiness
coach and any subsequent act performed, be it reading, or doing
happiness or physical exercises, may enhance one’s happiness during
an intervention.

The level of depressive symptoms decreased significantly in the
whole sample during the intervention. The mean baseline BDI score of
about 8.1-8.7 was only slightly higher than the score reported in the
population-based Finnish Health 2000 Study (women mean 8.02; men
mean 6.25) [36] suggesting that the level of depressive symptoms was
within the normal range. Two previous studies with relatively healthy
samples reported no changes in depressive symptoms [13,35] whereas
decreases have been reported in samples with higher baseline
depressive symptoms [2,14].

The physical exercise intervention proved to increase the
proportion of physically active men and women at post-intervention.
As data on the effectiveness of a web-based program on reducing
sedentary behaviour in primary care patients has been lacking [18],
our study provides promising short-term results.

Methodological issues

There are several strengths in this study. First, the sample size was
considerably larger than in previous online positive psychology
interventions, which enabled better detection of differences between
several intervention groups, i.e. and active physical exercise groups
and a less active reading group. Second, our cross-over design enabled
examining the relevance of the order of separate happiness exercises.
Third, the frequent assessments of the happiness measure provided a
comprehensive picture of the development of happiness during the
intervention. Fourth, we were able to assess a wide range of
confounding factors, although the possibility of residual confounding
cannot be fully excluded. Fifth, regarding areas of improvement for
future interventions, we provide data on how participants performed
the recommended exercises and whether they found the programs
useful.

The intention-to-treat (ITT) analyses are used for estimating
effectiveness, which represent the average effect of the treatment when
used widely in practice. This means that also the possible non-
compliance is similar both in the clinical trial and in practice. Another
question would be the estimation of efficacy, which is the “true
biological effect” of the treatment. Estimation of efficacy would require
adjustment for non-compliance and much more complicated
analytical methods in addition the compliance information, and this

was not our objective, but would be an interesting and important topic
of future work.

However, there are also limitations in this study that must be
considered. First, although this is one of the largest online positive
psychologies intervention studies so far, the sample size was still
relatively small, which may have hindered the observation of some
differences. The benefits of the different interventions on men would
probably have been clearer with more data. Second, this study does not
represent the entire population. As only 10.4% (N=10485) had given
approval for recontacting the generalizability of the results is quite
limited. In particular, we were unable to rigorously assess the male
population. Third, the original TV-program on happiness may have
attracted a distressed, particularly motivated sample looking to
increase their happiness. Thus, participating in a “happiness-study”
may have increased their happiness as such. A previous sample on self-
help seeking adults reported depressive symptoms above the mean of
the general population and accordingly, life satisfaction below the
average [6]. In analysis of the originally collected web-based data,
based on which selected subjects were recruited to the intervention
about 12 months later, the happiness scores of the contacted sample
had increased on average by about 4 points among women, and by
about 3 points among men (Table 2).

Physical .
group group group
mean (sd) N mean (sd) N mean (sd) N mean (sd) N
Before 67.39 (17.47)| 67.01 (17.4)| 67.53 (17.94)| 67.63 (17.06)
baseline N=1190 N=404 N=410 N=376
71.73 (19.39)| 71.36 (19.64)| 71.49 (19.52)| 72.39 (19)
Baseline N=1190 N=404 N=410 N=376
Mini-enquiry | 71.99 (18.74)| 70.39 (20.05)( 71.94 (17.59)| 73.77 (18.25)
1 N=325 N=119 N=95 N=111
Mini-enquiry | 74.72 (16.96) | 72.85 (19.54)( 74.92 (16.12)| 76.58 (14.42)
2 N=196 N=75 N=51 N=70
Post- 74.27 (18.92)| 73.29 (20.46)| 74.6 (18.12)| 74.94 (18.06)
intervention | N=1190 N=404 N=410 N=376

Table 2: Changes in happiness scores [HFS] in the whole sample and
among different intervention groups from before baseline to post-
intervention

With caution, this may reflect spontaneous improvement in general
well-being before the start of the intervention. Furthermore, as
described previously, the BDI score at pre-intervention was only
marginally higher than the national average. Fourth, the happiness
intervention was not tailored according to the subject’s needs. Higher
tailoring of happiness exercises may lead to better results, as suggested
by the promising results in our tailored physical activity program.
Fifth, the study limitations included a common problem in web- based
intervention studies, i.e. high study attrition (60.7%) at post-
intervention. However, the participants who dropped out of the study
did not differ from those who remained on their baseline happiness or
depression scores. We tested various background factors for their
association with drop-out from the follow-up. Age was found to be a
significant predictor of drop-out, but without interaction with the
intervention group, thus the selection mechanism due to age was likely
to operate in the same way in all groups. It is likely that age did not
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create bias in the estimated differences of the intervention groups.
Only one interaction of antidepressants and treatment group was
found significant (gender and treatment group was at borderline
significance) suggesting that the drop-out was selective, thus the
estimated differences of the intervention groups could be biased. The
random-effects model which we applied is able to handle the effects of
missing data assuming that it is missing-at-random, but more detailed
analyses based on, for example, multiple imputation would be an
important topic of future research. Finally, we only have subjective,
self-reported data on health status and other background variables.
Furthermore, several areas, such as physical activity, were only
measured only by one item.

Although we need new tools for tackling high attrition, online
delivery of health enhancing exercises has the potential to reach large
audiences, even if some population subgroups commit to only to the
first steps of the intervention.

Conclusions

This study produced further evidence on the effectiveness of web-
based happiness exercises and on the relative importance of the order
of exercises in a pre-designed program. More research is, however, still
needed to assess the potentially negative effects of valuing happiness
too strongly [37]. Further studies also need to increase the current
understanding of the relative importance of variety in the application
of positive interventions [38]. All in all, online positive psychology
interventions can become a powerful tool in helping reduce well-being
disparities, particularly among populations with little access to other
services.
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