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Abstract

Attention deficit hyperactivity disorder (ADHD) is a condition diagnosed in 5% of children
and adolescents. This neurodevelopmental condition causes impaired academic, social,
and occupational functioning. Adolescents with ADHD symptoms have lower health-related
quality of life and children with ADHD have been described as having difficulties forming
positive friendships. Therefore, the aim was to describe how 15—17-year-old adolescents
with ADHD experience friendship with peers. A semi-structured interview study was con-
ducted with twelve adolescents about their experiences of friendships. The adolescents
were recruited from a Swedish psychiatry clinic. A qualitative content analysis was used. In
the results, three main categories were constructed: "Bonding with Friends" underscores
the importance of understanding, shared interests, and adaptability. The "One’s own role"
category emphasises the dynamic interplay of self-perception and interpersonal behaviours
in interaction with friends. The "How Friendship Matters" category describes the complex
nature of friendships, involving both support and conflicts. The adolescents’ relationships
improved with age, influenced by self-awareness, ADHD medication and support from
adults. In conclusion, friendships play a crucial role in the well-being of the participants, pro-
viding vital support when navigating ADHD associated challenges. It is essential that the
adolescents themselves, but also adults and healthcare providers, recognise and address
their impulsivity issues and need for daily planning. We should assist adolescents in devel-
oping effective interaction strategies with friends. The study highlights the significance of
friendships and peer support for the adolescents’ health and functioning.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a common condition in children and ado-
lescents, with a prevalence of 5% [1]. It is a childhood-onset neurodevelopmental disorder
characterised by inappropriate and impairing inattention, motor hyperactivity and impulsiv-
ity. ADHD causes deficient academic, social, and occupational functioning [2]. Adolescents
diagnosed with ADHD may be restless, tire easily and have difficulty understanding the conse-
quences of their behaviour. The symptoms can also lead to an increase in risky behaviours,
accidents, and injuries [3]. There is a higher risk of other mental health problems and almost
half of all adolescents with ADHD develop depression [4]. ADHD is characterised by its asso-
ciation with an elevated risk of various challenges including low self-esteem, poor educational
achievements, involvement in criminality [5], substance abuse, accidents, speeding and driving
while under the influence of drugs or alcohol [6, 7].

The following studies outline previous research and existing knowledge concerning the
experience of friendship among children and adolescents diagnosed with ADHD. Addition-
ally, we have attempted to uncover contemporary insights on this topic. Children with
ADHD often find it difficult to form good friendships [8, 9]. A questionnaire disclosed that
if the relationship with friends was of poor quality at age 13-14, it often deteriorated further
by the age of 17-18 years. The boys in th study more often reported different best friends
over time compared to the girls [10]. In a Lancet series about adolescent health, being popu-
lar and experiencing love and passion in others is important [11]. An observational study on
6-18-year-old adolescents with ADHD reported that they were more often involved in bully-
ing than adolescents without ADHD [12]. Recent research shows that concomitant motor
coordination disorders in adolescents with ADHD impair their ability to form friendships
[13, 14]. In an observational study of children with ADHD aged 7-11 years, low prosocial
behaviour, lack of social insight or inability to accurately report social competence were
found to be common [8]. Children with hyperactivity/impulsivity symptoms combined with
impaired executive ability were rated by their friends as more aggressive, while children
with inattention symptoms combined with impaired executive ability were perceived by
their friends as having low prosocial ability [15]. However, Maya Beristain and Wiener’s
[16] questionnaires to 107 adolescents with and without ADHD aged between 13 and 18
years revealed no difference in the frequency of contact with friends, the number of friends
or the duration of friendships. In the same study, fewer of the girls with ADHD had their
best friends in other schools.

Krauss and Shellenberg [17] studied 907 14-24-year-olds with impairments and behavioural
problems in Switzerland, finding that adolescents with ADHD symptoms had lower health-
related quality of life, but the study revealed no significant differences in well-being related to
friends/peers between those with subclinical and unremarkable ADHD symptoms. The results
indicate a potential need for preventive measures in schools to address subclinical ADHD
symptoms and improve well-being, particularly among adolescents. Barfield [18] underscores
the value of seeking a person’s subjective view to understand their life situation. In an other
study including nine interviews with adolescents aged 16-18 years, the participants experi-
enced chronic peer rejection, loneliness, and conflictual relationships with friends during
childhood and early adolescence, which highlights the developmental and contextual factors
that shape the friendship experiences of adolescents with ADHD. Despite many expressing a
sense of resignation to remaining friendless during adolescence, the transition to secondary
school emerged as a period when they found peers with similar interests, thus fostering the
development of close friendships [19]. There is a great deal of research describing the lives of
children and adolescents with ADHD diagnosis. However, to our knowledge, there are only a
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limited number of interview studies about adolescents with ADHD exploring their own expe-
riences of relationships with friends.

Aim
To describe how 15-17-year-old adolescents with ADHD experience friendship with peers and

explore the dynamics of living with ADHD emphasising the transformative role of friendship
due to the influence it has in their lives.

Methods
Ethics

The study was approved by the Swedish Ethics Review Authority (registration number 2020-
01414). One month before the interviews, information letters were sent to the potential partici-
pants, which included an invitation to participate in the interview. They were then contacted
by phone and invited to take part in the TaMa—-ADHD study. Oral and written consent was
obtained from the adolescents before the interviews started. In Sweden, consent from parents
or guardians is not required for adolescents who have reached the age of 15 years. The inter-
views were recorded and saved in a file on the secure hospital server. All data were handled
confidentially, and no individual participant could be identified. The participants were
informed that they could withdraw their participation at any time before submission without
giving a reason or without any consequences for their care. Adolescents who were interested
in the results were informed that they could contact the first author for information.

Study design

The study is part of the Tactile Massage (TaMa)-ADHD research project. Other results from
this research will be presented elsewhere. Here we present results from an interview study with
semi-structured questions. In qualitative content analysis, the researchers strive to make the
participants’ voices heard [20]. The rationale behind adopting a qualitative study design is to
capture variations in experiences within a population, in this case, adolescents with ADHD.
The purpose of employing this design was to interpret and comprehend adolescents’ perspec-
tives and how the diagnosis influences their lives. Qualitative content analysis considers a text
in its context and the interpretation of participants’ narratives should be done with an aware-
ness of their life conditions, history, and prevailing culture [21].

Participants

The participants were retrieved from the patient registration system of a child and adolescent
psychiatry clinic in Western Sweden, based on diagnosis and medication. To obtain a homoge-
neous group, the inclusion criteria were: 1) age 15:0-17:11 years; 2) previously diagnosed with
ADHD in combined form F90.0B according to the International Classification of Diseases
(ICD-10) [22]; 3) unmedicated or medicated with central stimulants and/or atomoxetine with-
out modifications in the medication for the last six months. Sleep medication such as melato-
nin or promethazine was allowed; 4) able to speak, write and read Swedish. Exclusion criteria
were: 1) ongoing suicidality; 2) ongoing substance abuse; 3) other severe mental disorders,
such as autism, severe depression, epilepsy, manic episode or psychosis and intellectual disabil-
ity; 4) involvement in other ongoing psychological treatment such as psychotherapy, group
therapy and parent training. In September 2021 the clinic registration system contained 377
adolescents aged 15-17 years diagnosed with ADHD and comorbid conditions. From these, a
homogenous group of 195 with combined type ADHD who did not have any of the excluded
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diagnoses was chosen. After a review of each patient’s record (from September to October
2021) to check for the inclusion and exclusion criteria, 78 adolescents were selected. An invita-
tion letter was sent to all 78 adolescents containing information about the study and informing
them that the first author would contact them from a randomised list or that they could con-
tact the first author themselves. The recruitment ended after 14 adolescents had agreed to par-
ticipate in the whole TaMa-ADHD study. No additional adolescents volunteered after the
inclusion period ended, eliminating the necessity to exclude anyone from participation. In
qualitative content analysis, research questions frequently appear to be adequately addressed
with 10-15 participants [23]. This validates the acceptability of the chosen sample size of 14
participants. All 14 participants, five girls and nine boys, were aged from 15.5 to 17.5 years,
with a mean age of 16.4 years. Two male participants were unable to attend the interview part
of friendships. Thus, a total of 12 adolescents participated.

Data collection

An appointment was arranged for a first visit in December 2021, where their ADHD diagnosis
was double-checked with the ADHD section of the MINI-KID. This is a standardised diagnos-
tic interview with children and adolescents under the age of 18 years [24]. The MINI-KID
interview contains 24 diagnostic parts, but only the section related to ADHD (section O) was
included in this study. The interviews started with the following questions: O4 Did you have
problems with inattention, overactivity, or impulsiveness before you turned 122 and O5 Did this
cause problems with your friends? In addition to these two questions from the MINI-KID the
interviews were based on an interview guide with the opening question ‘How do you view
your peer relationships?’ and other key questions were ‘How do your peer relationships affect
your well-being? and ‘What is a good peer relationship for you?” The interviews were con-
ducted from the 7 to the 27™ of December 2021. Two psychiatry master students each per-
formed six one-to-one interviews. Eleven interviews were performed in face-to-face meetings
and one over the telephone. The interviews were recorded, each lasting between 15 to 40 min-
utes; (mean 27.5).

Analysis

Qualitative content analysis was used [25]. The approach involved an unbiased analysis of the
text, where patterns were sought in the material based on the adolescents” experiences. The
analysis process in qualitative content analysis is not linear but characterised by a de-contex-
tualisation and re-contextualisation [21]. The text was transcribed verbatim by the master stu-
dents and they as well as the last author read through the text several times to gain an
overview, after which they condensed the text while remaining close to the content. In the next
step, they created meaning units. The meaning units were then abstracted and brought
together under different codes based on the aim of the study. The codes were labelled with a
descriptive code close to the original text and then grouped into sub-categories by the master
students. The analysis was then reviewed critically by the first, second and third authors. After
this, all authors discussed the analysis together on several occasions and three main categories
were constructed.

Findings

Three main categories were constructed from the interviews: Bonding with friends, One’s own
role and How friendship matters.
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Bonding with friends

This category revolves around the multifaceted dynamics and factors influencing the forma-
tion and maintenance of friendships among the participants. It encompasses the qualities,
shared experiences, activities, and digital interactions that contribute to the formation and
maintenance of their friendships, highlighting the importance of understanding, shared inter-
ests, and adaptability in the face of external challenges such as the COVID-19 pandemic. The
participants stated that a friend should be kind, humble and caring. It was important to be
invited to participate in an activity and being with friends who made no demands was appreci-
ated. Having fun together and paying attention to each other when socialising was seen as
positive.

“It’s that you. . . so you’re always kind. . . and you ask, do you want to hang out? ... and . ..
yes caring . .. like and . . . always thinking of each other.” Participant 1

It was described as easier to talk about everyday problems with friends of the same age than
with adults. In this respect, friends could be seen as a complement to parents, especially when
talking about relationship problems, love problems or when adolescents have difficulties at
home. Another important factor for friendships was growing up together. Other adolescents
with ADHD were also valuable, as they had a better understanding of the situation.

"It’s probably one who has it [ADHD] confirmed, but I think the rest of the guys also have
something if 'm completely honest.” Participant 7

"Most people in my group of friends have problems sitting still so. . . most of them are the same
so. .. it turns out that you fit better together because you. . . everyone is the same.” Participant 5

Sports and other leisure interests were described as an important basis for friendship. Com-
mon leisure activities after school were talking, watching TV, playing games, applying make-
up, trying on outfits, or listening to music. Other leisure activities included meeting up at
shopping centres, going out to eat or driving A-tractors (low-speed vehicles that can be driven
from the age of 15 years) and hanging out in large groups. What mattered was not so much the
kind of activity, but that the adolescents socialised and took the day as it came. It also emerged
that it could be nice to be alone sometimes, but they more often wanted to meet friends.

Social media was described as the main way of socialising, which could be via text messages,
scrolling on different applications or online games. However, some adolescents did not use
social media at all. Social media was a way to keep in touch with friends, but also a way to meet
new friends. Certain steps in the friendship-building process could be skipped, which made it
quicker to get to know each other. Participants stated that when things were difficult it was
sometimes easier to open up to their old friends online than in real life. An online friendship
could last several years and was valued just as much as physical friendships.

“I think it’s easier, you don 't feel like you are being judged or something. . . if you were to be
judged, it’s nothing more than your friend on Snapchat disappearing. Nothing changes in the
group of friends or anything.” Participant 4

When the interviews were conducted, the COVID-19 pandemic had been ongoing for two
years. The pandemic and subsequent distance learning were something that affected friend-
ships, especially for those adolescents who had just started secondary school and had not had
time to get to know their new classmates. They perceived that the process of making new
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friends and assimilating into the new social context of secondary school took significantly
more time.

"Over the past year, it’s like. . . when I feel, Now I need to talk to someone,” then there have
been fewer and fewer people I could turn to. .. I haven’t really noticed until it was needed that
I don’t have anyone to talk to.” Participant 4.

One’s own role

The essence of this category concerns the participants actively managing their roles in friend-
ships and navigating challenges associated with impulsivity, insecurity, and conflicts. The cate-
gory highlights the active role the participants play in shaping and maintaining friendships.
The essence revolves around the dynamic interplay of self-perception, coping mechanisms,
and interpersonal skills in the context of friendships. In new friendships, it was important that
the socialising continued to be interesting and that friends were active and wanted to do
things, otherwise the participants became bored and moved on to new friends. If the friend
continued to be interesting, it could become a long-term relationship. The participants often
took on the role of the happy one who tried to lighten the mood of the group when someone
was feeling bad and attempted to entertain their friends. When the adolescents described
themselves in relation to their friends, they talked about themselves as being outgoing and hav-
ing the ability to make new friends easily.

“I've always heard, and I know it myself. . . that I'm like. . . very easy to be friends with and
make friends. It’s like an interest” Participant 4

"So, I've never had any problems making friends because I'm quite social, so. . ." Participant 5

However, some adolescents described themselves as introverted or shy, which made it
harder for them to make new friends. They might prefer a few close friends rather than many
acquaintances. Overall, there was a range of attitudes concerning friendship and socializing
among the participants.

"I'm not exactly the friend expert. .." Participant 13

Being spontaneous or impulsive could be perceived as both positive and negative. It was
described that impulsivity could be expressed through, for example, quick comments and by
amusing their friends with witty attacks. One difficulty that emerged was controlling their
impulses, including in the performance of team sports. One way to deal with this was to care-
fully plan the intake of ADHD medication so that the effect occurred during the sport period.
This could be perceived as limiting and frustrating as it required careful planning, sometimes
several days in advance. The fact that their peers did not realise their need to take medication
before a team activity could also be annoying for the adolescents.

"Because I don’t have enough impulse control, I think, to manage if something goes against
me or if something unplanned happens. Because it will go to hell if I can’t control myself’. Par-
ticipant 11

Insecurity in the relationship with friends was described, an example being when friends
did not respond immediately to text messages. That created a feeling that the friends did not
want to socialise, which could lead to negative thoughts and not having the courage to get in
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touch again. Another description was that it took a long time to become attached to and trust
people, resulting in a sense of not having many real friends but only superficial ones. It could
also be difficult to initiate contact with friends from school to do things in their leisure time,
even if they had common interests. There was also uncertainty about seeking contact with new
people and it could take several terms before a relationship felt secure.

“I didn’t really know how to. .. what to say. .. how to be a friend, that’s how it was. And how
to be. . . without saying anything, without someone getting hurt or sad like.” Participant 1

Conflicts could arise due to misunderstandings in communication, which could complicate
new friendships. They stated that it could be difficult to interpret situations that had led to con-
flicts in the past and still did. The tone in different situations with friends could also be difficult
to interpret, which, among other things, made it challenging to decide when it was appropriate
to be serious and not take jokes too far. It could also be difficult to determine when something
was wrong in a friendship.

“What can I say. . . not drama but things happen all the time. Because I don’t understand
that I have. . .done anything wrong but. . . Then it became a big misunderstanding and I
just. . .well...” Participant 4

There was a fear of conflict and withdrawal was a way of trying to avoid it. There were also
statements about being drawn into conflicts between friends against their will. Participants
expressed that they avoided conflicts with friends at school and in their leisure time as much as
possible but sometimes took their irritation out at home instead.

“I must always have something to argue about, sort of. I'm not really that addicted to drama,
but I kind of always get drawn into drama because I'm kind of in the middle. So, I always get
drawn into it anyway.” Participant 2

It could be difficult to withdraw from friends in their leisure time and might be easier to say
yes and meet up for a while, even if they did not want to. It was easier to keep in touch with
friends by phone or online when they did not have enough energy to meet up. Friends were
important even when energy levels were low but there was a fear of using friends as therapists.
Being a positive and social person in a friendship could be associated with demands, making it
difficult to keep up that facade as it required a great deal of energy on the part of the young per-
son. One way to deal with this was to retreat from their friends during periods when they were
unable to cope.

"T'm known as the positive one and so when you’re having a bit of a bad day, you just. . .
yup. .. Because I kind of can’t stand it if 'm not. . . happy or how to put it. . . then I can’t
stand being social . .. because it takes so much energy.” Participant 4

At times it was necessary to prioritise schoolwork, mainly on weekdays but also at week-
ends. The school took a lot of energy and sometimes the participants had to take a nap in the
afternoons. They needed to study while the ADHD medication was active. There was a fear of
falling behind in school, especially at the beginning of the last years of secondary school.

"Go home and sleep. . . . I kind of do, I'm completely exhausted after school, so I can’t take
it. .. it’s so tough at school so. . . you have to go home and rest.” Participant 10
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How friendship matters

This category describes the multifaceted impact and diversity of experiences of friendships on
the lives of the participants. In essence, it captures the nuanced nature of friendships in the
lives of the participants, encompassing both positive and challenging aspects and highlighting
the evolution of these relationships over time. The influence of friends varied, but socialising
with friends was invigorating and provided relaxation in an otherwise hectic life. Friendships
could also negatively affect their behaviours, such as when they felt vulnerable or were pro-
voked by their friends.

"Some people screw up, are annoying and irritating. . . just because they know that even if you
get angry that day, you’re not angry the next day. . . They always think it’s fun to be annoying
to those who get the angriest." Participant 2.

Some participants described having long-standing friendships and never feeling that they
had been left out or had no one to socialise with. Living in a small community with small clas-
ses at school contributed positively to friendships. As they had always been social and chatty, it
facilitated their ability to make friends. An occasion when it was difficult to make friends was
when a sense of alienation occurred and led to conflicts with classmates. This evoked negative
feelings of being different or weird, resulting in anger.

"When I was smaller and around the 2nd and 4th class. . . then I had a very hard time with
friends or I was often frozen out and like that, fought a lot with my friends because they shut
me out. . . so that time was tough. . . but now it’s much easier. I was frozen out. .. It was
harder for me at school, I didn’t finish as quickly, so the others ran out and played." Partici-
pant 10

Relationships with friends often improved as the participants became older, although the
opposite also occurred in some cases. Why it became easier over time was due to a greater
awareness of their diagnosis, starting ADHD medication, getting help from supportive adults
such as parents and teachers and the fact that they themselves and their friends had become
older and more mature.

“I was thirteen years old when I was diagnosed with ADHD. .. Yes, so I was very late. I guess
they thought I was a little weird. . . or I don’t really know. I couldn’t really control myself
when I was younger. I didn’t really know how to say or not say and. . . well, so it was a bit
tough at times with my friends when I was younger.” Participant 1

Discussion

This qualitative study aims to describe twelve adolescents with ADHD and their experiences of
friendship. Three main categories were constructed when analysing the interviews: Bonding
with friends, One’s own role and How friendship matters. Key findings reveal the importance
of meaningful friendships for this group of adolescents. While most of the participants in the
study described themselves as finding it easy to make friends, many of them struggled with
maintaining friendships and finding a functioning life balance between school and leisure

time that they could spend with friends due to ADHD-related difficulties. The participants
mostly described themselves as social and that they found it easy to make new friends. In addi-
tion, they expressed that they attempted to lighten the mood and entertain their friends.
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However, they also experienced periods of suffering due to problems with peer relationships.
For example, when they were younger not being allowed to go on a break at the same time as
the other children had created a feeling of exclusion, which led to frustration, and fighting and
could affect their ability to make and keep friends. In their study Hanai et al. [26] also noted
that adolescents derived a sense of security by maintaining stable connections with their
friends, classmates, teachers, and family members. Lam et al. [27] found that friends were
important for adolescents in general as friends influenced their behaviour, norms, and values.
Additionally, two other studies underscored that adolescents typically spend a significant
amount of time with friends and are influenced by both their negative and prosocial behav-
iours [28, 29]. This is in line with this study, where the participants reported experiencing both
benefits and challenges within their friendships.

The participants described online games and social media were the main way to socialise
with their friends, although they also socialised with their friends in real life. Socialising online
could be a way to conserve energy when there was no time to meet in person. Bolic Baric et al.
[30] reported that adolescents with ADHD performed fewer leisure activities such as meeting
friends, doing homework, taking part in sports, reading, or performing theatre/dance com-
pared to a reference group. They were more likely to play computer games, and internet activi-
ties were an opportunity for adolescents to communicate with friends as a complement to
face-to-face meetings. Dawson et al. [31] found that 92.5% of the adolescents with ADHD
were online daily via a smartphone or computer, which was also representative of adolescents
of the same age in general. The participants in this study mainly interacted online with friends
or family members who they saw in person every day and to a lesser extent with friends they
only knew online. Interacting frequently online with friends they met each day was a protective
factor against online risk behaviours. However, in their study, Maya Beristain et al. [16]
reported that girls with ADHD had friends whom they had initially met online. Likewise, par-
ticipants in this study described that interacting online could broaden their network of friends
and they believed that it prevented them from engaging in negative behaviours. They consid-
ered online friends just as important as physical friends and described the advantages of online
friendships. It could be easier to meet new friends online as some formal steps of getting to
know each other could be skipped. They also reported that some online friendships lasted for
several years.

The participants in this study mentioned that the COVID pandemic and subsequent dis-
tance learning was something that affected their friendships, especially for those who had just
started secondary school and had not had the chance to get to know their new classmates. The
COVID-19 pandemic meant that it could take longer to settle into the community of a new
class and make new friends. During the pandemic, depression, anxiety [32, 33], slow cognitive
tempo, inattention and non-cooperation increased in all adolescents. However, these symp-
toms increased even more in adolescents with ADHD [32]. However, these two studies were
not conducted in Sweden, whereby the results may differ in terms of how the COVID-19 pan-
demic affected adolescents. This is because Sweden had contrasting guidelines and restrictions
during the pandemic compared to other countries. We only found one Swedish study investi-
gating the impact of COVID-19 on adolescents with ADHD. In that study, adolescents
exposed to COVID-19 during most of 2020 showed no differences in longitudinal changes in
mental health, relationships with parents and peers and health behaviours compared to those
not exposed to COVID-19 [34]. In the present study, the contact with friends during the pan-
demic varied for the different participants. There were descriptions of how friendship had
been affected in such a way that they did not meet as much as before the pandemic and had
more contact via social media, or that meeting places for adolescents were closed, forcing them
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to meet outdoors more often. However, some adolescents did not feel that they had been
much affected by the pandemic and continued to meet their friends as usual.

Research on positive illusory bias (PIB) suggests individuals with ADHD, especially chil-
dren and adolescents, may underestimate difficulties and overestimate competence. However,
caution should be exercised when using the term "positive illusory bias," as girls with ADHD
rated themselves more negatively than did their parents, teachers, and peers [35]. In contrast,
it has been found that young people with ADHD aged 14 to 24 years do not differ from young
people in general in their ability to form friendships [17]. McKee [36] found that adolescents
(17-19 years) with ADHD rate themselves as being as good as their peers in terms of initiating
social contact. However, Rokeach and Weiner [37] identified a difference in the perceived
quality of friendships among 16-18-year-old adolescents with ADHD compared with adoles-
cents without ADHD. ADHD symptoms were associated with increasing negative friendship
quality across secondary school for boys, which may be one mechanism that explains the
development of depressive symptoms in adolescent boys with elevated ADHD symptoms [10].
The participants in this study described emotional support, intimacy, and security as valuable,
as well as mutual entertainment. However, Morsink et al. [38] suggested that adolescents with
ADHD might consider mutual entertainment to be the core aspect of friendship in contrast to
the group without ADHD, where the active pursuit of shared feelings of affection was
expressed as the most important. The participants in this study described how long-lasting
friendships mattered in their lives and coming from a small community was seen as a facilita-
tor for making friendships last.

The participants reported that the energy required to be with friends sometimes disap-
peared and that schoolwork had to be prioritised because otherwise, they would have no
energy left. In a systematic review, adolescents with ADHD reported more subjective sleep
problems compared to the control groups [39]. Daytime sleepiness is prevalent in ADHD,
affecting over 50% of adolescents with the condition [40]. The participants needed careful
planning to both be able to do their homework and participate in team sports while the
ADHD medication was effective. The fact that friends did not understand the importance of
planning to ensure that the activity and medication intake coincided and that it was pivotal for
their functioning in physical interactions was described as frustrating. Meaux et al. [41] found
that the perception of being able to concentrate was 100% during the period when the medica-
tion was effective, but that the level dropped to 20% when the effect decreased and became
even less than on days when the adolescents did not take the medication at all. In a review,
medication was reported to be crucial for ADHD management but did not address all symp-
toms or skill-building ability. While it aids organisational skills, daily life skills are also neces-
sary [42]. However, Blase et al. [43] observed no difference in the ability to concentrate
between college students with ADHD who took medication and those who did not. Adoles-
cents with ADHD often experience comorbid internalising disorders such as anxiety and
depression [44]. It is therefore crucial to address these challenges in adolescents with ADHD
and their interactions with peers, as they persist into adulthood, accompanied by issues such
as sleep problems and low self-esteem. Multimodal treatment approaches encompassing psy-
choeducation, pharmacotherapy and disorder-oriented psychotherapy are essential at any age.
Non-pharmacological methods, including complementary and alternative medicine, may also
be beneficial. Studies highlight elevated risks of poor social outcomes, such as separation and
early parenthood for individuals with ADHD [42], emphasising the importance of a range of
interventions. The use of complementary and alternative medicine, such as massage therapy, is
promising for improving ADHD symptoms, including anxiety and asocial behaviours [45, 46].
There is a need for further investigation of complementary treatments. It is essential to under-
stand that there is no one-size-fits-all solution. Each young person with ADHD is a unique

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000023  June 4, 2024 10/14


https://doi.org/10.1371/journal.pmen.0000023

PLOS MENTAL HEALTH

Friendship matters—An interview study with adolescents with ADHD

individual with their strengths, challenges, and preferences. Tailoring support systems and
interventions to align with their specific needs ensures a more effective and personalised
approach.

Strengths and limitations

Rich data were obtained from the sample, which included approximately equal numbers of
girls (n = 5) and boys (n = 7), as well as being relatively evenly distributed in terms of age and
where the participants served as a good source of information. All participants were recruited
from the same hospital in western Sweden. Because the study was conducted during the
COVID-19 pandemic, there was a requirement to use face masks. This may have influenced
participants’ perception of safety but also the interviewer’s ability to read their facial expres-
sions. However, there was a photo and a brief presentation of the interviewers in the informa-
tion letter sent to the participants before the interview. The participants came from a limited
geographical area, mostly from small towns or medium-sized cities. The results might have
been different if the geographical distribution had been larger. To achieve trustworthiness, the
COREQ checKklist [47] was consulted throughout the study to optimize the quality.

Conclusion

This study is one of the few in its investigation of the perspectives of young individuals, con-
veyed through personal narratives shared in interviews. From their reflections, three categories
of peer relationships have been discerned: Bonding with friends, One’s own role and How
friendship matters. The result indicates that despite perceiving themselves as having good rela-
tionships with friends, the participants experienced difficulties understanding and reading sit-
uations involving friends. Experiences of conflict were described, where they had been
misunderstood and excluded. The adolescents with ADHD were drawn to other adolescents
with the same diagnosis or similar energy levels, as they expressed having an increased under-
standing of each other. Friends of the same age play a central role in the identity formation of
adolescents with ADHD. It is crucial to comprehend the challenges these adolescents face in
managing their daily lives, such as the necessary planning to function. They struggle with
impulsivity, a challenge often misunderstood by others who may not grasp the constant energy
waste it causes. Friendships are seen as essential, impacting the participants’ well-being and
providing support when navigating the challenges associated with ADHD. For guardians and
healthcare providers, support involves considering the adolescents’ entire lifeworld in which
relationships are an important aspect, by, for example supporting the adolescents to develop
strategies in their interactions with friends and helping them build self-esteem. Healthcare
providers can additionally provide psychosocial treatment, contribute to the understanding of
ADHD symptoms, and teach strategies to cope with them. Creating an environment that
embraces neurodiversity and fosters inclusion is essential. Educators, parents, and peers play a
pivotal role in building a supportive community that encourages the development of strengths
while providing understanding and accommodation for challenges. By doing so, we empower
young people with ADHD to navigate the world confidently, armed with a sense of self-worth
and the knowledge that their differences are not limitations but can also be valuable assets.

Acknowledgments

Our gratitude and special thanks go out to all the adolescents who participated in the inter-
views. We would also like to thank Nathalie Bjorkman and Nanna Hallberg for conducting the
interviews. We also extend appreciation to Monique Federsel for proofreading.

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000023  June 4, 2024 11/14


https://doi.org/10.1371/journal.pmen.0000023

PLOS MENTAL HEALTH

Friendship matters—An interview study with adolescents with ADHD

Author Contributions

Conceptualization: Anna-Carin Robertz, Stefan Nilsson, Viola Nyman.

Methodology: Anna-Carin Robertz, Anne-Katrin Kantzer, Stefan Nilsson, Viola Nyman.

Writing - original draft: Anna-Carin Robertz, Stefan Nilsson, Viola Nyman.

Writing - review & editing: Anna-Carin Robertz, Anne-Katrin Kantzer, Stefan Nilsson, Carl-

Johan Térnhage, Viola Nyman.

References

1.

10.

1.

12

13.

14.

15.

16.

Posner J, Polanczyk GV, Sonuga-Barke E. Attention-deficit hyperactivity disorder.Lancet. 2020; 395
(10222):450-62. https://doi.org/10.1016/S0140-6736(19)33004-1 PMID: 31982036

Thapar A, Cooper M. Attention deficit hyperactivity disorder. Lancet. 2016; 387(10024):1240-50.
https://doi.org/10.1016/S0140-6736(15)00238-X PMID: 26386541

Newlove-Delgado T, Ford TJ, Hamilton W, Janssens A, Stein K, Ukoumunne OC. Resumption of atten-
tion-deficit hyperactivity disorder medication in early adulthood: findings from a UK primary care pre-
scribing study. Eur Child Adolesc Psychiatry. 2019; 28(12):1589-96. https://doi.org/10.1007/s00787-
019-01325-5 PMID: 30949828

Babinski DE, Pelham WE Jr., Molina BS, Gnagy EM, Waschbusch DA, Yu J, et al. Late adolescent and
young adult outcomes of girls diagnosed with ADHD in childhood: an exploratory investigation. J Atten
Disord. 2011; 15(3):204—14. https://doi.org/10.1177/1087054710361586 PMID: 20562386

Watts SJ. ADHD Symptomatology and Criminal Behavior During Adolescence: Exploring the Mediating
Role of School Factors. Int J Offender Ther Comp Criminol. 2018; 62(1):3-23. https://doi.org/10.1177/
0306624X16639970 PMID: 27056790

Barkley RA. Global issues related to the impact of untreated attention-deficit/hyperactivity disorder from
childhood to young adulthood. Postgrad Med. 2008; 120(3):48-59. https://doi.org/10.3810/pgm.2008.
09.1907 PMID: 18824825

Van de Glind G, Brynte C, Skutle A, Kaye S, Konstenius M, Levin F, et al. The International Collabora-
tion on ADHD and Substance Abuse (ICASA): Mission, Results, and Future Activities. Eur Addict Res.
2020; 26(4-5):173-8. https://doi.org/10.1159/000508870 PMID: 32599579

Linnea K, Hoza B, Tomb M, Kaiser N. Does a positive bias relate to social behavior in children with
ADHD? Behav Ther. 2012; 43(4):862—75. https://doi.org/10.1016/j.beth.2012.05.004 PMID: 23046787

Hoza B, Mrug S, Gerdes AC, Hinshaw SP, Bukowski WM, Gold JA, et al. What aspects of peer relation-
ships are impaired in children with attention-deficit/hyperactivity disorder? J Consult Clin Psychol. 2005;
73(3):411-23. https://doi.org/10.1037/0022-006X.73.3.411 PMID: 15982139

Meinzer MC, Felton JW, Oddo LE, Rubin KH, Chronis-Tuscano A. Do ADHD Symptoms and Relation-
ship Quality With Mothers and Best Friends Across High School Predict Depressive Symptoms for Ado-
lescents? J Atten Disord. 2021; 25(12):1699—711. https://doi.org/10.1177/1087054720923088 PMID:
32506994

Sawyer SM, Afifi RA, Bearinger LH, Blakemore SJ, Dick B, Ezeh AC, et al. Adolescence: a foundation
for future health. Lancet. 2012; 379(9826):1630—40. https://doi.org/10.1016/S0140-6736(12)60072-5
PMID: 22538178

Nevik TS, Hervas A, Ralston SJ, Dalsgaard S, Rodrigues Pereira R, Lorenzo MJ. Influence of gender
on attention-deficit/hyperactivity disorder in Europe—ADORE. Eur Child Adolesc Psychiatry. 2006; 15
Suppl 1:115-24. https://doi.org/10.1007/s00787-006-1003-z PMID: 17177011

Mancini VO, Althorpe KE, Chen W. Do motor coordination and sleep difficulties predict peer functioning
in children and adolescents with attention-deficit and hyperactivity disorder after accounting for existing
ADHD symptomology? Br J Dev Psychol. 2020; 38(3):442-57. https://doi.org/10.1111/bjdp.12327
PMID: 32167193

Dewey D, Volkovinskaia A. Health-related quality of life and peer relationships in adolescents with
developmental coordination disorder and attention-deficit-hyperactivity disorder. Dev Med Child Neurol.
2018; 60(7):711-7. https://doi.org/10.1111/dmcn.13753 PMID: 29611868

Diamantopoulou S, Rydell AM, Thorell LB, Bohlin G. Impact of executive functioning and symptoms of
attention deficit hyperactivity disorder on children’s peer relations and school performance. Dev Neurop-
sychol. 2007; 32(1):521-42. https://doi.org/10.1080/87565640701360981 PMID: 17650992

Maya Beristain C, Wiener J. Friendships of adolescents with attention-deficit/hyperactivity disorder.
Canadian journal of school psychology. 2020; 35(4):266—79.

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000023  June 4, 2024 12/14


https://doi.org/10.1016/S0140-6736%2819%2933004-1
http://www.ncbi.nlm.nih.gov/pubmed/31982036
https://doi.org/10.1016/S0140-6736%2815%2900238-X
http://www.ncbi.nlm.nih.gov/pubmed/26386541
https://doi.org/10.1007/s00787-019-01325-5
https://doi.org/10.1007/s00787-019-01325-5
http://www.ncbi.nlm.nih.gov/pubmed/30949828
https://doi.org/10.1177/1087054710361586
http://www.ncbi.nlm.nih.gov/pubmed/20562386
https://doi.org/10.1177/0306624X16639970
https://doi.org/10.1177/0306624X16639970
http://www.ncbi.nlm.nih.gov/pubmed/27056790
https://doi.org/10.3810/pgm.2008.09.1907
https://doi.org/10.3810/pgm.2008.09.1907
http://www.ncbi.nlm.nih.gov/pubmed/18824825
https://doi.org/10.1159/000508870
http://www.ncbi.nlm.nih.gov/pubmed/32599579
https://doi.org/10.1016/j.beth.2012.05.004
http://www.ncbi.nlm.nih.gov/pubmed/23046787
https://doi.org/10.1037/0022-006X.73.3.411
http://www.ncbi.nlm.nih.gov/pubmed/15982139
https://doi.org/10.1177/1087054720923088
http://www.ncbi.nlm.nih.gov/pubmed/32506994
https://doi.org/10.1016/S0140-6736%2812%2960072-5
http://www.ncbi.nlm.nih.gov/pubmed/22538178
https://doi.org/10.1007/s00787-006-1003-z
http://www.ncbi.nlm.nih.gov/pubmed/17177011
https://doi.org/10.1111/bjdp.12327
http://www.ncbi.nlm.nih.gov/pubmed/32167193
https://doi.org/10.1111/dmcn.13753
http://www.ncbi.nlm.nih.gov/pubmed/29611868
https://doi.org/10.1080/87565640701360981
http://www.ncbi.nlm.nih.gov/pubmed/17650992
https://doi.org/10.1371/journal.pmen.0000023

PLOS MENTAL HEALTH

Friendship matters—An interview study with adolescents with ADHD

17.

18.

19.

20.

21,

22,

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Krauss A, Schellenberg C. ADHD symptoms and health-related quality of life of adolescents and young
adults. European Journal of Health Psychology. 2022; 29(4):165-74.

Barfield PA. Life satisfaction in children with attention deficit hyperactivity disorder: Looking beyond
proxy reports. Journal of Child and Adolescent Psychiatric Nursing. 2018; 31(4):102-8. https://doi.org/
10.1111/jcap.12218 PMID: 30548739

Maya Beristain C, Wiener J. Finding true friendships: The friendship experiences of adolescents with
attention-deficit/hyperactivity disorder. Canadian Journal of School Psychology. 2020; 35(4):280-98.

Graneheim UH, Lindgren B-M, Lundman B. Methodological challenges in qualitative content analysis: A
discussion paper. Nurse education today. 2017; 56:29-34. https://doi.org/10.1016/j.nedt.2017.06.002
PMID: 28651100

Lindgren BM, Lundman B, Graneheim UH. Abstraction and interpretation during the qualitative content
analysis process. Int J Nurs Stud. 2020; 108:103632. https://doi.org/10.1016/j.ijnurstu.2020.103632
PMID: 32505813

Organization WHO. The ICD-10 classification of mental and behavioural disorders: clinical descriptions
and diagnostic guidelines: World Health Organization; 1992.

Hoégberg C, Billstedt E, Bjorck C, Bjérck PO, Ehlers S, Gustle LH, et al. Diagnostic validity of the MINI-
KID disorder classifications in specialized child and adolescent psychiatric outpatient clinics in Sweden.
BMC Psychiatry. 2019; 19(1):142. https://doi.org/10.1186/s12888-019-2121-8 PMID: 31072319

Polit D, Beck C. Essentials of nursing research. Ethics. 2012; 23(2):145-60.

Graneheim UH, Lundman B. Qualitative content analysis in nursing research: concepts, procedures
and measures to achieve trustworthiness. Nurse Educ Today. 2004; 24(2):105—12. https://doi.org/10.
1016/j.nedt.2003.10.001 PMID: 14769454

Hanai F, Narama M, Tamakoshi K. The Self of Adolescents with Autism Spectrum Disorder or Attention
Deficit Hyperactivity Disorder: A Qualitative Study. Journal of Autism and Developmental Disorders.
2021; 51:1668-77.

Lam CB, McHale SM, Crouter AC. Time with peers from middle childhood to late adolescence: develop-
mental course and adjustment correlates. Child Dev. 2014; 85(4):1677-93. https://doi.org/10.1111/
cdev.12235 PMID: 24673293

Busching R, Krahé B. With a Little Help from Their Peers: The Impact of Classmates on Adolescents’
Development of Prosocial Behavior. J Youth Adolesc. 2020; 49(9):1849-63. https://doi.org/10.1007/
$10964-020-01260-8 PMID: 32529342

Farrell AD, Thompson EL, Mehari KR. Dimensions of Peer Influences and Their Relationship to Adoles-
cents’ Aggression, Other Problem Behaviors and Prosocial Behavior. J Youth Adolesc. 2017; 46
(6):1351-69. https://doi.org/10.1007/s10964-016-0601-4 PMID: 27812839

Bolic Baric V, Hellberg K, Kjellberg A, Hemmingsson H. Internet activities during leisure: a comparison
between adolescents with ADHD and adolescents from the general population. Journal of Attention Dis-
orders. 2018; 22(12):1131-9. https://doi.org/10.1177/1087054715613436 PMID: 26610742

Dawson AE, Wymbs BT, Evans SW, DuPaul GJ. Exploring how adolescents with ADHD use and inter-
act with technology. J Adolesc. 2019; 71:119-37. https://doi.org/10.1016/j.adolescence.2019.01.004
PMID: 30690333

Breaux R, Dvorsky MR, Marsh NP, Green CD, Cash AR, Shroff DM, et al. Prospective impact of
COVID-19 on mental health functioning in adolescents with and without ADHD: protective role of emo-
tion regulation abilities. J Child Psychol Psychiatry. 2021; 62(9):1132-9. https://doi.org/10.1111/jcpp.
13382 PMID: 33543486

Swansburg R, Hai T, MacMaster FP, Lemay JF. Impact of COVID-19 on lifestyle habits and mental
health symptoms in children with attention-deficit/hyperactivity disorder in Canada. Paediatr Child
Health. 2021; 26(5):e199-e207. https://doi.org/10.1093/pch/pxab030 PMID: 34326910

Chen'Y, Osika W, Henriksson G, Dahlstrand J, Friberg P. Impact of COVID-19 pandemic on mental
health and health behaviors in Swedish adolescents. Scand J Public Health. 2022; 50(1):26-32. https://
doi.org/10.1177/14034948211021724 PMID: 34100665

Capodieci A, Crisci G, Mammarella IC. Does positive illusory bias affect self-concept and loneliness in
children with symptoms of ADHD? Journal of Attention Disorders. 2019; 23(11):1274—83. https://doi.
org/10.1177/1087054718763735 PMID: 29562849

McKee TE. Peer Relationships in Undergraduates With ADHD Symptomatology: Selection and Quality
of Friendships. J Atten Disord. 2017; 21(12):1020-9. https://doi.org/10.1177/1087054714554934
PMID: 25359763

Rokeach A, Wiener J. Friendship Quality in Adolescents With ADHD. J Atten Disord. 2020; 24(8):1156—
68. https://doi.org/10.1177/1087054717735380 PMID: 29029569

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000023  June 4, 2024 13/14


https://doi.org/10.1111/jcap.12218
https://doi.org/10.1111/jcap.12218
http://www.ncbi.nlm.nih.gov/pubmed/30548739
https://doi.org/10.1016/j.nedt.2017.06.002
http://www.ncbi.nlm.nih.gov/pubmed/28651100
https://doi.org/10.1016/j.ijnurstu.2020.103632
http://www.ncbi.nlm.nih.gov/pubmed/32505813
https://doi.org/10.1186/s12888-019-2121-8
http://www.ncbi.nlm.nih.gov/pubmed/31072319
https://doi.org/10.1016/j.nedt.2003.10.001
https://doi.org/10.1016/j.nedt.2003.10.001
http://www.ncbi.nlm.nih.gov/pubmed/14769454
https://doi.org/10.1111/cdev.12235
https://doi.org/10.1111/cdev.12235
http://www.ncbi.nlm.nih.gov/pubmed/24673293
https://doi.org/10.1007/s10964-020-01260-8
https://doi.org/10.1007/s10964-020-01260-8
http://www.ncbi.nlm.nih.gov/pubmed/32529342
https://doi.org/10.1007/s10964-016-0601-4
http://www.ncbi.nlm.nih.gov/pubmed/27812839
https://doi.org/10.1177/1087054715613436
http://www.ncbi.nlm.nih.gov/pubmed/26610742
https://doi.org/10.1016/j.adolescence.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30690333
https://doi.org/10.1111/jcpp.13382
https://doi.org/10.1111/jcpp.13382
http://www.ncbi.nlm.nih.gov/pubmed/33543486
https://doi.org/10.1093/pch/pxab030
http://www.ncbi.nlm.nih.gov/pubmed/34326910
https://doi.org/10.1177/14034948211021724
https://doi.org/10.1177/14034948211021724
http://www.ncbi.nlm.nih.gov/pubmed/34100665
https://doi.org/10.1177/1087054718763735
https://doi.org/10.1177/1087054718763735
http://www.ncbi.nlm.nih.gov/pubmed/29562849
https://doi.org/10.1177/1087054714554934
http://www.ncbi.nlm.nih.gov/pubmed/25359763
https://doi.org/10.1177/1087054717735380
http://www.ncbi.nlm.nih.gov/pubmed/29029569
https://doi.org/10.1371/journal.pmen.0000023

PLOS MENTAL HEALTH

Friendship matters—An interview study with adolescents with ADHD

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

Morsink S, Sonuga-Barke E, Mies G, Glorie N, Lemiere J, Van der Oord S, et al. What motivates individ-
uals with ADHD? A qualitative analysis from the adolescent’s point of view. Eur Child Adolesc Psychia-
try. 2017; 26(8):923-32. https://doi.org/10.1007/s00787-017-0961-7 PMID: 28233072

Marten F, Keuppens L, Baeyens D, Boyer BE, Danckaerts M, Cortese S, et al. Sleep parameters and
problems in adolescents with and without ADHD: A systematic review and meta-analysis. JCPP Adv.
2023; 3(3):e12151. https://doi.org/10.1002/jcv2.12151 PMID: 37720581

Brook U, Boaz M. Attention deficit and hyperactivity disorder (ADHD) and learning disabilities (LD): ado-
lescents perspective. Patient Educ Couns. 2005; 58(2):187-91. https://doi.org/10.1016/j.pec.2004.08.
011 PMID: 16009295

Meaux JB, Hester C, Smith B, Shoptaw A. Stimulant medications: a trade-off? The lived experience of
adolescents with ADHD. J Spec Pediatr Nurs. 2006; 11(4):214—26. https://doi.org/10.1111/j.1744-
6155.2006.00063.x PMID: 16999743

Franke B, Michelini G, Asherson P, Banaschewski T, Bilbow A, Buitelaar JK, et al. Live fast, die young?
A review on the developmental trajectories of ADHD across the lifespan. Eur Neuropsychopharmacol.
2018; 28(10):1059-88. https://doi.org/10.1016/j.euroneuro.2018.08.001 PMID: 30195575

Blase SL, Gilbert AN, Anastopoulos AD, Costello EJ, Hoyle RH, Swartzwelder HS, et al. Self-reported
ADHD and adjustment in college: cross-sectional and longitudinal findings. J Atten Disord. 2009; 13
(3):297-309. https://doi.org/10.1177/1087054709334446 PMID: 19474463

Schatz DB, Rostain AL. ADHD with comorbid anxiety: a review of the current literature. Journal of Atten-
tion disorders. 2006; 10(2):141-9. https://doi.org/10.1177/1087054706286698 PMID: 17085624

Chen SC, YuBY, Suen LK, YuJ, Ho FY, Yang JJ, et al. Massage therapy for the treatment of attention
deficit/hyperactivity disorder (ADHD) in children and adolescents: A systematic review and meta-analy-
sis. Complement Ther Med. 2019; 42:389-99. https://doi.org/10.1016/j.ctim.2018.12.011 PMID:
30670272

Robertz AC, Rudolfsson G. Tactile massage as a nursing intervention in child and adolescent psychia-
try: nurses’ experiences. J Psychiatr Ment Health Nurs. 2016; 23(8):502—12. https://doi.org/10.1111/
jpm.12332 PMID: 27501077

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-
item checklist for interviews and focus groups. International journal for quality in health care. 2007; 19
(6):349-57. https://doi.org/10.1093/intghc/mzm042 PMID: 17872937

PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000023  June 4, 2024 14/14


https://doi.org/10.1007/s00787-017-0961-7
http://www.ncbi.nlm.nih.gov/pubmed/28233072
https://doi.org/10.1002/jcv2.12151
http://www.ncbi.nlm.nih.gov/pubmed/37720581
https://doi.org/10.1016/j.pec.2004.08.011
https://doi.org/10.1016/j.pec.2004.08.011
http://www.ncbi.nlm.nih.gov/pubmed/16009295
https://doi.org/10.1111/j.1744-6155.2006.00063.x
https://doi.org/10.1111/j.1744-6155.2006.00063.x
http://www.ncbi.nlm.nih.gov/pubmed/16999743
https://doi.org/10.1016/j.euroneuro.2018.08.001
http://www.ncbi.nlm.nih.gov/pubmed/30195575
https://doi.org/10.1177/1087054709334446
http://www.ncbi.nlm.nih.gov/pubmed/19474463
https://doi.org/10.1177/1087054706286698
http://www.ncbi.nlm.nih.gov/pubmed/17085624
https://doi.org/10.1016/j.ctim.2018.12.011
http://www.ncbi.nlm.nih.gov/pubmed/30670272
https://doi.org/10.1111/jpm.12332
https://doi.org/10.1111/jpm.12332
http://www.ncbi.nlm.nih.gov/pubmed/27501077
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://doi.org/10.1371/journal.pmen.0000023

