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The Promising Role of Digital Therapeutics for Mental Health



"...the first thing that | am aware of, it’s like somebody’s
put a knife through my head. The pain is so intense
that for several seconds | don’t even open my eyes, in the
hope that I’'m just dreaming about it..."

Migraine patient in study conducted by Peters, Abu-Saad, Vydelingum, Dowson, and Murphy (2005) [1]

Approximately 1in 6 Americans self-report experiencing migraines or severe headaches over a 3-month period [2], while almost 1in every
4 households includes at least one household member suffering from migraines [3]. Relative to the general population, migraines are more
prevalent among women, people between 25 and 55 years of age, and people from lower socioeconomic statuses [4,5]. While the causes
of migraines remain unclear, migraine patients typically report multiple triggers; these commonly include [6,7]:

« Emotional stress *  Missing meals
* Having too much or too little sleep * Menstruation, for the majority of women
« Odors

Worldwide, migraines also represent one of the primary causes of disability [8]. Among those between 15 and 49 years of age, for instance,
headaches account for 9.5% of all years of healthy life lost to disability [9]. Migraines are commonly associated with [10,11]:

* Reduced vitality * Reduced social and occupational functioning
+ Fatigue * Pain
» Poorer physical and mental health » More than half of migraine patients report substantial impairment

to daily activities or that their migraines require bed rest

Prevalence of Migraines Common Migraine Triggers
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Source: https://www.cdc.gov/mmwr/volumes/69/wr/mm6912a8.htm?s_cid=mmé912a8_w
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Episodic vs. Chronic Migraines

The International Classification of Headache Disorders (ICDH-3) distinguishes between
episodic migraines, when patients have 14 or fewer migraines per month, and chronic
migraines, when patients experience 15 or more headaches per month (of which 8 must
meet criteria for migraines) for more than 3 months [12]. Although chronic migraines
are less common than episodic migraines, affecting 1-2% of the general population
[13], they are the most common reason for visits to headache centers [14, 15]. What’s
more, approximately 3-5% of cases of episodic migraines transform into chronic
migraines [16,17]; early reports suggest this number may have been closer to 10%
during the COVID-19 pandemic, when many migraine patients saw an increase in
migraine frequency [18].

While a small proportion of migraine sufferers have chronic migraines, these individuals
are more likely to suffer from comorbid conditions including depression, anxiety,
and chronic pain [19]. Moreover, the rate of disability days among chronic migraine
patients is 3.63 times higher than among those with episodic migraines [20]. However,
research suggests that chronic migraines can be reversed with adequate treatment;
as many as 26% of transformed migraines recover to episodic migraines within 2 years
[21]. Indeed, many of the risk factors for chronic migraines are treatable, including
obesity, depression, and stress [22], and thus present as important targets for chronic

migraine intervention.

The Burden of Migraines

Migraines also present a high economic burden, with average medical costs 1.7x higher
than in matched controls [23]. For example, headaches account for 3% of emergency
department visits in the United States, making it the fourth or fifth leading cause of
emergency department visits overall [24].

Some research suggests most of these costs are direct medical costs (60-64%), and
primarily driven by pharmaceutical utilization [25]. Other research suggests that up to
two-thirds of the economic costs associated with migraines may be indirect costs, such
as lost productivity [26]. One study found that migraines were associated with 22%
absenteeism, over 60% presenteeism, work productivity loss, and activity impairment
[27]. On average, migraines are associated with 4.4 missed work days per year as well
as an additional average of 11.4 days per year with reduced productivity [28]. People
with chronic migraines are more likely to be occupationally disabled and less likely to be
employed full-time than those with episodic migraines [29], suggesting their migraines
may be sufficiently debilitating to interfere with full-time employment.

Indeed, the cost associated with chronic migraines is even higher, at approximately
3x the costs associated with episodic migraines. Specifically, episodic migraines are
associated with an average annual cost of $2,649 USD, whereas chronic migraines
are associated with an average annual cost of $8,243 USD [30]. Similarly, people
with transformed migraines have L4.4x higher annual per person costs relative to those
who maintain episodic migraines [31]. The economic burden of chronic or transformed
migraines is therefore substantially higher, highlighting the importance of preventing

migraine progression or reversing the chronicity of transformed migraines.
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Chronic Migraines:

When patients experience 15
or more headaches per month
for more than 3 months

Episodic Migraines:

When patients have 14
or fewer migraines per month

The Economic
Impact of Migraines

ER visits

3% E

Migraines make up 3% of all ER visits

Average costs

+70% o

Migraines contribute a 70%
increase in average medical costs

Productivity costs

2 2% of absences

22% of absenteeism is due to migraines

_I.l..l.l. days

44 workdays missed on average
due to Migraines

-1 1 .I.I. days

11.4 Reduced Productivity Days
due to Migraines



Managing Migraines by Addressing Mental Health

Given the high economic burden associated with migraines and the prevalence of the condition, some researchers have pointed to the need
for new treatment modalities in migraines [32]. While many migraine treatments focus on addressing the physical condition, researchers
are becoming increasingly aware of the role of mental health, particularly stress, in the migraine cycle. Emotional stress is one of the most
commonly reported triggers for migraines [33], and research suggests higher levels of generalized anxiety, stress, and depression are also
risk factors for migraines [34,35]. However, migraines also increase one’s risk for stress and poor mental health. For example, people who
experience more migraine symptoms per month and who have experienced migraines for a longer period of time reported higher levels of
migraine-associated stress [36].

Migraine patients are more than 2x more likely to have major depressive
disorder, bipolar disorder, panic disorder, and social phobia #”), and
people with higher levels of migraine-related stress seem particularly

at risk for elevated depression and anxiety 18

Conceivably, then, helping migraine patients cope with stress and
improve their mental health may reduce one of the primary triggers

The U.S. Headache Consortium
has suggested—

for migraines and result in corresponding improvements in migraine

frequency or migraine-related disability. A growing body of research

supports the use of biobehavioral therapy, such as cognitive
behavioral therapy (CBT), in migraine patients [39], particularly for
migraine prevention [40]. Research suggests that even as little as
a one-day session of Acceptance and Commitment Therapy (ACT)
coupled with Migraine Education may be sufficient to produce
noticeable improvements in migraine frequency and severity, as well
as medication usage and headache-related disability [41]. Evidence

Non-pharmacologic treatments like
biobehavioral therapy for migraine patients
who prefer non-pharmacologic interventions,
who have had an inadequate response, poor
tolerance or have medical contraindications
to pharmacologic treatments, who have

a history of medication overuse, and/or

for the adjunctive benefits of biobehavioral therapy with preventative
drug therapy is not as strong (Grade B) [42], though some

experience high levels of stress or have poor
stress-coping skills [L4].

research suggests it may augment the effects of pharmacologic

treatments [43].

How can Happify help?

Happify is a global software-enabled healthcare platform designed to help improve mental and physical health that can be accessed
via mobile app or the internet. The Happify program integrates various therapeutic approaches including CBT, mindfulness-based stress
reduction (MBSR), positive psychology, and ACT. Activities inspired by these theoretical frameworks are organized into ‘tracks’ that are
developed to help users focus on a specific area of concern, like coping better with stress or improving well-being while living with a chronic
iliness. Users may also access activities in an instant play format. Thus users have several avenues for personalizing their program.

This digital approach to behavioral interventions helps to reduce many of the barriers associated with treatment-seeking and
adherence to traditional, in person interventions [45,46,47] and thus may engage migraine patients who would not otherwise consider
biobehavioral therapy [48]. Our research has shown that completing approximately 16 activities over 8 weeks via Happify leads to
significant improvements in subjective well-being [49,50], depressive symptoms, anxiety, and resilience [51]. More recently, we have shown
that users with chronic illness report lower levels of subjective well-being compared to users with no self-reported chronic conditions,
but improve at the same rate while using Happify as those without chronic illness [52]. Taken together, these data suggest that
Happify may be a favorable method for improving mental health in migraine patients and, in turn, help to improve migraine-related
outcomes as well.
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Happify Effects
on Migraine Patients:

A Pilot Study

In late 2020, Happify Health ran a pilot study to explore the effects of Happify usage on mental health and migraine-related outcomes
among adults with self-reported migraines. During the study, participants were asked to complete the Happify Happiness Assessment
and a separate migraine-related assessment at two week intervals. We collected usage and assessment data from participants between
October 27, 2020 and January 14, 2021, and new participants continued to enroll in the pilot throughout that period of time.

The results discussed here represent the changes observed between a user’s first and last assessment, while controlling for the number of
days between assessments, for users who had at least 2 assessments (users could choose to opt out of any assessment).

User demographics are represented in Table 1 and migraine-specific demographics are represented in Table 2.

Happiness Assessment

Migraine Assessment

Starting their second day on Happify and every
2 weeks thereafter, users were prompted to

Starting one day after the
happiness assessment, users were
complete our Happiness Assessment. also prompted to complete a 7-item

This assessment consists of our 9-item Happify migraine assessment every 2 weeks.

Scale, a proprietary measure of subjective well-
being (highly correlated with depression) with
scores ranging from O to 100 (higher scores mean
greater well-being), and the Generalized Anxiety
Scale 2 [53], a widely used screening tool for
generalized anxiety with scores
ranging from O to 6 (higher scores
mean greater anxiety).
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This assessment asked users to rate their level of
stress, fatigue, sleep quality, migraine frequency,
migraine severity, as well as the extent to which
migraines interfered with activities and the

extent to which they felt helpless because of their
migraines during the previous 7 days. On the
second migraine assessment, and every migraine
assessment that followed, participants were also
asked how their quality of life changed since they
started Happify.




Gender (%)

Female
Male
Other

Sample 1:

Changes in

Mental Health

(Completed 2+ Happiness Assessments)

91.1%
7.8%
1.2%

Sample 2:
Changes in Migraine-
Related Outcomes

(Completed 2+ Migraine Assessments)

90.2%
8.6%
1.2%

hge 0 I

18-24
25-34
35-LL
45-54
55-64
65+

12.2%
30.1%
28.1%
21.2%
7.8%
0.6%

1.7%
31%
27.8%
21%
7.7%
09%

White

Black

Hispanic or Latino/a
Asian Pacific Islander
American Indian
Middle Eastern

Other

Mixed Race

Unreported

74.5%
3.3%
4.9%
3.2%
0.6%
0.3%

245%

7.35%

3.46%

7%.7%
3.1%
4.7%
3.4%
0.6%
0.1%

2.45%
7.8%
3.1%

Employed
Self-Employed
Student
Homemaker
Retired

Unemployed

58.4%
5.5%
9.5%
9.8%
5.2%
11.7%

57.8%
6.1%
8.9%
10%
5.8%

11.3%

Table 1: User Demographics for Samples Used to Estimate Changes in Mental Health and Changes in Migraine-Related Outcomes.
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Sample 1:
Changes in Mental Health
a—_—
L]
Migraine Frequency
(per month)
Less than 4 41.4%
-1 45.2%
More than 14 13.4%

(Completed 2+ Happiness Assessments)

Sample 2: Changes in
Migraine-Related Outcomes

(Completed 2+ Migraine Assessments)

41.1%
45.2%
13.7%

T N R

None 0.6%
Mild 69%
Moderate 45.8%
Severe 40.3%
Extremely Severe 6.3%

0.2%
64%
414.9%
11.9%
6.6%

Less than 4 hours 19.2%
4-12 hours 44.2%
13-24 hours 21.2%
More than 24 hours 15.4%

19.2%
43.3%
20.6%
17.0%

Less than 1 6.3%
1-10 43.1%
11-20 24.9%
More than 20 25.7%

6.9%
42.5%
24.5%
26.1%

Any Treatment 86.7%
Over the Counter Pain Relief 62.5%
Prescription Pain Relief 30.4%
Preventative Self-Injection 3.2%
Other Preventative 11.4%
Other 12.5%
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87.3%
62.9%
30.5%
3.5%
13.7%
12.3%



Migraines Are Associated with Poorer Mental Health

Among users who completed at least two happiness or migraine assessments, 70.2%
of those users reported initial anxiety scores that met screening criteria for a clinically
relevant anxiety disorder [54,55]. The mean score on the Happify scale was 3747
(SD =18.22) and 88% of our participants had scores below 61, which marks the 50th
percentile for the scale in the general population.

Within the sample, users with more frequent migraines reported significantly lower
levels of subjective well-being (p = .002) and significantly higher levels of anxiety (p =
.005). Compared to users who reported fewer than 4 migraines per month, well-being
scores were 10% lower among those with &4 to 14 migraines per month and 16.16% lower
among those with more than 14 migraines per month. Anxiety scores were 8.25% higher
among users with 4 to 14 migraines per month, and 15.15% higher among those with
more than 14 migraines per month.

Additionally, both migraine pain severity and migraine duration were significantly
associated with poorer mental health. Users who reported longer and more painful
migraines reported lower levels of subjective well-being (rs = -0.14 - -0.16, ps < .001)
and higher levels of anxiety (rs = 0.16, p < .001) when they started using Happify.

Migraine Sufferers and Anxiety Levels

%  higher”
Htot I w4 8.25% amiey
% higher*
woeverrs I -+ A 15.15% S

GAD2 Score

No. of Migraines
per month

Figure 1. Initial Levels of Anxiety from Happify Users (n = 694) based on Migraine Frequency.
*based on users that had less than four migraines a month

Migraine Sufferers and Subjective Well-Being

tessthan s | o
% lower"
ot e v 10 vl
9% lower”
morethan s [ > v 16.16% oo

Happify Scale Score

No. of Migraines
per month

Figure 2. Initial Levels of Subjective Well-Being from Happify Users (n = 694) based on Migraine Frequency.
*based on users that had less than four migraines a month
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Engagement

Across the 789 users in both
samples, participants in the
pilot did an average of 20.65
activities (SD = 34.62), ranging
from O to 330 activities, and
were active on the Happify
platform an average of 10.90
days (SD = 10.23), ranging
from 1 to 69 days.

Engagement with the program
was not significantly related to
migraine severity or duration
of migraine headaches,
though we observed a trend

(p = .067) that participants
with more than 14 migraines
per month completed more
activities than those with

fewer migraines.




Happify Helps Improve Mental Health in Migraine Patients

Our pilot data show that people with self-reported migraines report significant improvements in subjective well-being (p = .001) and anxiety
(p = .002) after using Happify. What’s more, users who complete the recommended number of activities (16) report significantly more
improvement in these outcomes than those with low levels of engagement (ps < .001). Users who completed fewer than 16 activities saw an
average improvement of 9.05% in their Happify Scale scores and 12.91% in their anxiety scores, whereas users who completed 16 activities
or more saw an improvement of 23.5% in Happify Scale scores and 26.05% in anxiety scores. And we observed these effects regardless of
a user’s migraine frequency, migraine severity, the duration of their migraines, or how many years they’d suffered from migraines.

Improvement in Well-Being Improvement in Anxiety
with recommended usage with recommended usage
A A
Initial Initial
weiiveng NN 7 23.5% ancery I 26.05%
[ [ ]
Latest Latest
well-being _ Rk improvement in anxiety &y improvement in
Happify Scale Score el GAD2 Score anxiety
with low usage with low usage
A A

e e I v, I 5
well-being anxiety
woirneing N aviery I
well-being 0% . X anxiety 3.5 . .
improvement in improvement in
Happify Scale Score well-being GAD2 Score anxiety

Figures 3 (top) and 4 (bottom). Changes in Subjective Well-Being and Anxiety as Measured by the Happify Scale and the Generalized Anxiety Disorder 2-item (GAD2) Scale Between First and Last
Assessment by Recommended Usage (Fig. 3) and Low Usage (Fig. 4).

Common Migraine Triggers

@ ) (-
80% 60% 45% 43% 4O% 30% 15% Ly%

Stress/ Sleep Sensory Menstrual Weather Diet | Don't Know Other
Anxiety Problems Stimuli Cycle Medications

Stress and Sleep are Important Migraine Triggers

When we asked participants to identify what their migraine triggers were, the most commonly reported trigger was stress and anxiety,
reported by 82.7% of our participants. The second most commonly reported trigger was sleep problems (58.5%), followed by sensory
stimuli (45%). This is consistent with other research and further supports the argument that interventions that help to reduce stress and
anxiety may ultimately help to reduce the actual frequency of one’s migraines. Indeed, although we did not find overall improvements
in stress (p = .357), migraine frequency (p = .353), or migraine severity (p = .056), we did find that when users experienced better than
average improvement in stress (i.e., more than a 0.42 point improvement in stress ratings), they reported significant decreases in migraine
frequency (p < .001). When users experienced minimal improvements in stress, their migraine frequency increased by 2.89%, but when
users experienced greater than average improvements in stress, their migraine frequency decreased by 18.78%. Similarly, we saw a trend
that when users experienced higher than average levels of improvement in anxiety (i.e., more than a 0.66 point improvement in GAD-2
ratings), they reported decreases in migraine frequency (p = .054). Users who had minimal improvements in anxiety had just a 0.59%
improvement in migraine frequency, whereas users who had greater than average improvements in anxiety had a 12.80% improvement in
migraine frequency.
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The Happify Impact
on Migraines:

Summary of Findings

Completing activities as part of the Happify program did not just help to improve
mental health outcomes, we also found evidence that engaging with Happify may help
people manage the negative effects of their migraines.

For example, participants in our pilot study reported significantly less interference from
migraines on their day-to-day activities (p=.009), particularly when they completed the
recommended dosage (p =.002). That is, users with low levels of engagement reported
an improvement of just 3% in migraine interference, whereas users who completed at
least 16 activities reported an 18.44% improvement in migraine interference.

Similarly, although we did not see a significant improvement in how frustrated or
helpless users felt due to their migraines overall (p = .125), users who completed at least
16 activities during the study did report feeling significantly less frustrated and helpless
due to their migraines (p = .039), with scores improving by 19.13%.

Overall, 71.9% of users also reported
noticeable changes in their quality
of life since joining Happify.

Summary

Migraines, particularly chronic migraines, are a debilitating and costly condition. Given the
key role of stress and anxiety in the migraine cycle, biobehavioral therapies that can target
these mental health outcomes are an important treatment modality as a preventative tool
as well as to enhance the benefits of pharmacologic treatments. As the need for digital
interventions increase due to the barriers associated with in-person treatment, there is a
pressing need to explore whether biobehavioral therapies for migraines can be effectively
delivered digitally. Our pilot study provides some promising preliminary results for effects
of engaging with a general mental health platform that is not even optimized for migraine
among people with self-reported migraines. Our data suggests that a digital biobehavioral
approach can help to improve subjective well-being and anxiety, and to reduce perceived
migraine interference with daily activities and feelings of frustration and helplessness
related to migraines. Particularly noteworthy is that this pilot data suggests that users
who successfully reduced their stress and/or anxiety reported corresponding decreases
in migraine frequency. Digital programs, like Happify, may then provide a cost-effective
and scalable means of offering support to migraine patients who might not otherwise
pursue biobehavioral therapy.
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The Impact Happify
has on Migraines
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