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Abstract
Background: There has been growing concern in the UK over recent years that a perceived mental health crisis is
affecting children and adolescents, although published epidemiological evidence is limited.
Methods: Two population-based UK primary care cohorts were delineated in the Aurum and GOLD datasets of the
Clinical Practice Research Datalink (CPRD). We included data from 9,133,246 individuals aged 1–20 who contributed
117,682,651 person-years of observation time. Sex- and age-stratified annual incidence rates were estimated for
attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) (age groups: 1–5, 6–9, 10–12,
13–16, 17–19), depression, anxiety disorders (6–9, 10–12, 13–16, 17–19), eating disorders and self-harm (10–12, 13–
16, 17–19) during 2003–2018. We fitted negative binomial regressions to estimate incidence rate ratios (IRRs) to
examine change in incidence between the first (2003) and final year (2018) year of observation and to examine sexspecific incidence.
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Results: The results indicated that the overall incidence has increased substantially in both boys and girls in between
2003 and 2018 for anxiety disorders (IRR 3.51 95% CI 3.18–3.89), depression (2.37; 2.03–2.77), ASD (2.36; 1.72–3.26),
ADHD (2.3; 1.73–3.25), and self-harm (2.25; 1.82–2.79). The incidence for eating disorders also increased (IRR 1.3 95% CI
1.06–1.61), but less sharply. The incidence of anxiety disorders, depression, self-harm and eating disorders was in
absolute terms higher in girls, whereas the opposite was true for the incidence of ADHD and ASD, which were higher
among boys. The largest relative increases in incidence were observed for neurodevelopmental disorders, particularly
among girls diagnosed with ADHD or ASD. However, in absolute terms, the incidence was much higher for depression
and anxiety disorders.
Conclusion: The number of young people seeking help for psychological distress appears to have increased in recent
years. Changes to diagnostic criteria, reduced stigma, and increased awareness may partly explain our results, but we
cannot rule out true increases in incidence occurring in the population. Whatever the explanation, the marked rise in
demand for healthcare services means that it may be more challenging for affected young people to promptly access
the care and support that they need.

Introduction
Mental illness constitutes one of the leading causes of disability in the United Kingdom (UK) [1]. They are associated with several adverse trajectories, including
unemployment, low income, homelessness, criminality,
being assaulted or bullied, self-harm, suicide and other
causes of premature death [2]. It is known that psychiatric
disorder in adulthood often begins in childhood and adolescence [3]; it has been estimated that three-quarters of
individuals who experience mental illness during adulthood will have met diagnostic criteria for a psychiatric disorder before reaching their 18th birthdays [4]. Thus, early
intervention, prevention and treatment are important to
enhance long-term outcomes. In the UK, there has been a
shift in the public discourse relating to mental illness, with
psychological health and wellbeing during childhood and
adolescence now at the forefront of the public health
agenda. In 2016 the Mental Health Taskforce of NHS
England published the report ‘The Five Year Forward
View for Mental Health’, which emphasised children and
young people as being a “priority group for mental health
promotion and prevention” [5] The UK Department of
Health has also provided an additional £1.4 billion for
Child and Adolescent Mental Health Services (CAMHS)
between 2015 and 2020 [6] .
Studies conducted in high-income countries indicate
marked increases in numbers of children and adolescents
diagnosed with neurodevelopmental disorders and mental
illnesses during recent decades [7]. Despite growing public
concern that more children and adolescents in the UK
may be affected by these conditions, there are no comprehensive and up-to-date published data on annual trends in
the incidence rates in this demographic group. The most
recent evidence reporting on the incidence of attention
deficit/hyperactivity disorder (ADHD) [8] and depression
[9, 10] indicate a stable trend or slight increases over time
up until 2013. During the same period incidence of eating

disorders appears to have remained stable in younger adolescents, but decreased in older adolescents [11]. Evidence
for temporal trends in incidence of anxiety disorders [12]
and autism spectrum disorder (ASD) [13] is even more
dated, describing trends in rates up until the year 2011.
These studies also indicate a stable trend in incidence over
time. Investigation of the incidence of self-harm, a behaviour that is strongly linked to poor mental health, has
demonstrated an increase among adolescents in the UK
[14, 15] in recent years.
In addition to being somewhat dated, individual studies
have drawn data from different populations and settings
and have varying cohort inclusion criteria. They also differ
in terms of diagnostic classification and follow-up duration and period, hindering inter-study comparison. To
tackle these between-condition comparability issues and
to address the gap in the evidence base, we conducted a
comprehensive population-based investigation that examined temporal trends in the incidence of neurodevelopmental disorders, mental illnesses, and self-harm among
young people in a single study cohort for the first time.
This enabled us to assess age- and gender-specific temporal trends in incidence for multiple conditions with a
uniquely high degree of comparability, as well as make use
of the accurate routine primary and secondary care linkages that are available in the Clinical Practice Research
Datalink (CPRD).

Methods
Data source

We delineated two cohorts utilising data from two datasets in the Clinical Practice Research Datalink (CPRD):
GOLD and Aurum [16]. Because the two datasets are
equivalent, we present in this study estimates that were
created by combining data from both datasets. Aurum is
a database of individuals registered with general practices in England. It consists of anonymised patient
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records that contain information about diagnoses, prescribed medication, and referrals to secondary healthcare
services. It can also be linked to the Index of Multiple
Deprivation (IMD), which combines socioeconomic indicators to create a composite ecological measure of
deprivation based on practice location [17]. Clinical data
are captured in the CPRD using Read codes [18]. The
Aurum dataset covers approximately 13% of England’s
population, containing over 7 million anonymised patient records from 731 practices, and is considered to be
broadly nationally representative in terms of sex, age,
and ethnicity [16]. We used the July 2019 release, which
contained 7,125,786 active patient records. GOLD is also
a primary care database that contains essentially equivalent information to that held in Aurum. It draws data
from over 600 general practices in the UK that use an
electronic patient record system that is different from
that used by Aurum”. We used a “bridging” file to identify practices that have migrated from the GOLD dataset
to the Aurum dataset and removed those practices from
the GOLD dataset. This ensured that the study dataset
contained no duplicate patient records.
Study design
Cohort members

We applied the same inclusion criteria to both Aurum
and GOLD datasets (Supplementary materials Fig. S1
and S2). Children and adolescents aged 1–19 during the
study’s observation period, 1st January 2003 to 31st
December 2018, entered the cohorts if they had been
registered with their practice for at least 12 months before entry. Cohort members were followed up until the
earliest of: index self-harm episode or diagnosis of mental illness, death, date of transfer out of practice, last
date of data collection, study end date or their 20th
birthday. We chose this age cut-off as this is when
adolescence ends according to the World Health Organization’s (WHO) definition and to facilitate comparison
with other recently published research [8, 14, 19].
Study measures
Psychiatric diagnoses and self-harm

We classified incident diagnosed cases and self-harm
episodes using lists of Read codes that were generated
by exhaustive searching of the CPRD’s medical directory
[20]. We identified the earliest recorded occurrence of a
psychiatric disorder or non-fatal self-harm episode for
each individual in the study cohort and noted the calendar year in which these events occurred. Incidence estimates from each dataset were then combined to create a
single set of estimates. The following diagnostic categories were examined because they are the most common
psychiatric illnesses in childhood and adolescence: anxiety disorders, ADHD, autism, depression, and eating
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disorders [21]. We also chose to examine self-harm because of its strong association with poor mental health
and since recent evidence from the UK has shown incidence increases in recent years [14]. The search terms
and the resulting code lists were then reviewed and refined by three experienced clinical academics in our
team (a psychiatrist with expertise in self-harm and suicide: NK; an academic GP with expertise in mental
health: CCG; and a child & adolescent psychiatrist: SG).
Because the descriptors for some Read codes can seem
ambiguous, we categorised codes as being either ‘stringent’ or ‘inclusive’ according to their perceived likelihood of correctly ascertaining a relevant diagnosis or
self-harm episode. This approach was taken because
recent evidence has demonstrated a decrease in the
number of recorded depression diagnoses and an increase in the number of related symptoms that are recorded [22]. In the UK GPs are incentivised to comply
with review and coding protocols stipulated by the Quality and Outcomes Framework (QOF) if they record a
diagnosis of ‘depression’ using Read codes. There is evidence that some practitioners may engage in ‘strategic
labelling’ (using a code such as ‘low mood’ that does not
trigger the need for follow up coding) to circumvent financial penalties [23]. To account for these phenomena,
we present estimates for all mental illnesses that included individuals with both symptom and diagnostic
Read codes. Incidence rates that include cases captured
by diagnostic codes only are presented separately in the
supplementary materials. For a full list of all Read codes
included in each diagnostic category, please see the
supplementary materials.
Deprivation

We measured deprivation through the Index of Multiple
Deprivation (IMD). The IMD provides a composite measure of deprivation based on information regarding income,
employment, crime, barriers to housing and services, and
health and living environment. Scores are provided for
small geographical areas, known as Lower-layer Super
Output Area (LSOA), which correspond to roughly 1500
individuals. IMD scores at LSOA level are then assigned
according to individual patient’s postcodes, and placed in
quintiles, with a higher score indicating higher levels of
deprivation [17].
Statistical analyses

We calculated annual incidence rates for each condition
stratified by sex and by age group (1–5, 6–9, 10–12, 13–
16 & 17–19 years). We generated these estimates by
manually counting the number of incident cases in each
stratum in each year and then dividing them by the
person-time at risk in the corresponding stratum. Finally, these stratified rates were directly standardised for
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IMD quintile and age group. For the 1–5 years age group
we only estimated incidence rates for ADHD and autism, as diagnosis of the other conditions examined is exceptionally rare at this young age. For the same reason,
we did not estimate incidence rates for self-harm or eating disorders among children aged below 10 years. We
modelled the count data by fitting negative binomial
models. We examined temporal changes in the overall
annual incidence rates between the first and final year of
the study by generating incidence rate ratios (IRRs), adjusted for deprivation, sex, and age group. We also estimated IRRs stratified by sex and age group, adjusted for
deprivation, to examine how change might vary across
different age and gender groups. We also tested for gender interactions in models that were adjusted for
deprivation quintile, year and age. Finally, we modelled
the predicted annual changes to incidence after adjusting
for deprivation and sex. Statistical analyses were completed using STATA 16.

Results
Cohort members

In the Aurum dataset, we assessed 23,840,626 unique
patent records for eligibility. Of these, we included data
from 4,566,623 individuals that contributed 114,601,017
person-years of observation. We assessed 19,959,796 records for eligibility in the GOLD dataset, and included 2,
418,680 for analysis, contributing 28,867,639 personyears to the denominator. Please see supplementary materials (Fig. S1 and S2) for a more detailed graphical illustration of entry into and exit out of the study cohort.
Mental illnesses

Depression and anxiety disorders were the most commonly diagnosed mental illnesses followed by eating disorders (Table 1 and Fig. 1). The incidence of depression
and anxiety disorders increased in all age and groups
over time for both sexes, whereas for eating disorders,
increases occurred in girls of all ages and boys aged 13–
16 (Table 1, Fig. 1 and supplementary Fig. S3). Incidence
rate ratios measuring overall change in incidence rates
between 2003 and 2018, adjusted for age, sex, and
deprivation quintile, demonstrated increases in the incidence of depression (IRR 2.4; 95% 2.03, 2.77), anxiety
disorders (IRR 3.5; 95% CI 3.18, 3.89), and eating disorders (IRR 1.3; 95% CI 1.06, 1.61). The highest incidence
of depression was observed in the 17–19 age group, in
both girls (343 per 10,000 person years in 2018; 95% CI
332–354) and boys (200 in 2018, 95% CI 192–208). After
adjusting for year, age, and deprivation, we observed an
effect of sex (IRR 2.13 95% CI 2.04–2.23). Rates of similar magnitude were observed for anxiety disorders in
2018 in the 17–19 age group (girls: 305; 95% CI 295–
316 boys: 148; 95% CI 141–155). As can be seen in
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Table 1, the relative increase over time was higher in the
10–12 and 13–16 age groups for both depression and
anxiety disorders. Formal testing showed that the sexspecific IRRs varied significantly according to age in all
conditions examined and in both sexes, except for anxiety disorders among boys; for the latter category, there
was no statistically significant evidence of heterogeneity
in change in incidence between the first and last observation years across age groups (p = 0.267) (Supplementary materials Table S2). For anxiety disorders, girls aged
10–12 and 13–16 saw particularly sharp increases over
time, with incidence rate ratios of 4.6 (95% CI 4.0–5.3),
and 4.6 (95% CI 4.1–5.1) observed, respectively. As with
depression, incidence rates were higher in girls than
boys (IRR 1.79 95% CI 1.72–1.84). The incidence of eating disorders was much lower compared to depression
and anxiety disorders. The highest incidence rate observed for this diagnostic category was during 2018 at
ages 13–16 years in girls: 25 per 10,000; 95% CI 22–27.
The incidence was much higher in girls than boys: IRR
4.43 (95% CI 4.13–4.76). Please see the supplementary
materials for a complete array of annual incidence rates
presented by sex, age group, and condition, and formal
tests for effect modification by age and gender (Supplementary materials Table S1, S2, and S3).
Neurodevelopmental disorders

The incidence of ASD increased over time in all age
groups (IRR 2.36 95% CI 1.72–3.26). It was most commonly diagnosed in the 1–5 age group (Table 2, Fig. 2 and
supplementary Fig. S4), with rates being highest in 2018
for both boys (60; 95% CI 57–64) and girls (17; 95% CI
16–19). In terms of relative increases among boys, the
IRRs tended to be comparable or slightly higher than
those seen for anxiety disorders and depression (Table 2).
For girls the relative increases were more substantial, with
IRRs of 7.5 (95% CI 5.1–11.1; 6–9 age group), 9.2 (95% CI
5.6–15.1; 10–12 age group), and 13.0 (95% CI 7.1–23.9;
13–16 age group). Overall, the incidence of ADHD increased between 2003 and 2018 (IRR 2.36 95% CI 1.73–
3.25). Our stratified analyses showed that this increase occurred in all age groups across both sexes, except for the
1–5-year-olds, among whom the incidence rate decreased
over time, with age group being a statistically significant
effect modifier. In 2018, the highest age-specific incidence
rates for ADHD were among 6–9-year-olds for both sexes
(boys: 50; 95% CI 47–54; girls: 13; 95% CI 12–15). For
both conditions, rates were higher in boys than in girls
(Autism: IRR 3.53, 95%CI 3.37–3.69; ADHD: 4.35 95% CI
3.98–4.75). Please see the supplementary materials for a
complete array of annual incidence rates presented by sex,
age group, and condition, and formal tests for effect modification by age and gender (Supplementary materials
Table S1, S2 and S3).
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Table 1 Deprivation adjusted incidence rate ratios for mental illnesses between first and final year of the study’s observation period
by age group and gender
Aged 6–9
2003

Aged 10–12
2018

2003

Aged 13–16
2018

2003

Aged 17–19
2018

2003

2018

Female
Anxiety
Cases, n

153

624

209

1170

680

3626

1035

3158

Incidence rate

10

33

19

87

48

225

109

305

Incidence rate ratio

3.2

4.6

4.6

2.6

95% CI)

(2.6, 3.9)

(4.0, 5.3)

(4.1, 5.1)

(2.3, 3.0)

Depression
Cases, n

28

69

113

500

10

36

1155

3107

81

189

2274

3548

Incidence rate

1

4

Incidence rate ratio

1.9

3.6

2.1

1.3

245

343

(95% CI)

(1.2, 3.0)

(2.9, 4.4)

(1.9, 2.5)

(1.2, 1.5)

Eating disorders
Cases, n

60

96

196

416

161

204

Incidence rate

5

7

14

25

17

18

Incidence rate ratio

1.3

1.6

1.0

(95% CI)

(0.9, 1.8)

(1.2, 2.1)

(0.8, 1.3)

Male
Anxiety
Cases, n

149

565

228

878

380

1350

560

1797

Incidence rate

9

29

18

62

23

78

48

148

Incidence rate ratio

3.2

3.5

3.4

2.8

(95% CI)

(2.7, 3.8)

(2.9, 4.2)

(3.0, 3.9)

(2.3, 3.3)

Depression
Cases, n

46

92

100

336

8

23

439

1553

26

89

961

2428

Incidence rate

3

5

Incidence rate ratio

1.7

3.0

3.4

2.4

83

200

(95% CI)

(1.2, 2.4)

(2.4, 3.8)

(2.9, 3.8)

(2.2, 2.6)

Eating disorders
Cases, n

42

42

42

73

42

37

Incidence rate

3

3

2

4

3

3

Incidence rate ratio

0.8

1.7

0.9

(95% CI)

(0.5, 1.4)

(1.2, 2.4)

(0.6, 1.4)

Incidence rates are rounded to closest interger

Self-harm

Self-harm incidence rates increased across both sexes
and all age groups between 2003 and 2018 (IRR 2.25
95% CI 1.82–2.79: supplementary materials Fig. S5). As
with mental illnesses, the incidence rates were generally
highest at the end of the observation period, and the
rates of some age groups seemed to increase more
steeply after 2011 (Table 3 and Fig. 3). The rate was the
highest among girls in 2018 aged 13–16 (117; 95% CI
111–122) followed by girls aged 17–19 (87; 95% CI 81–

92). Across all age groups, incidence was considerably
higher in girls than in boys (IRR 3.39 95% CI 3.17–3.62).
The relative increase over time ranged from IRR 1.7
(95% CI 1.4–1.9) among 17–19-year-old boys to 4.2
(95% CI 3.3–5.3) among girls aged 10–12; IRRs varied
significantly according to age. Please see the supplementary materials for a complete array of annual incidence
rates presented by sex, age group, and condition, and
formal tests for effect modification by age and gender
(Supplementary materials Table S1, S2 and S3).
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Fig. 1 Temporal trends in annual incidence rates for mental illnesses by age group, 2003–2018

Sensitivity analyses: stringent vs. inclusive coding lists
and GOLD vs. Aurum datasets

Results generated using our ‘stringent’ coding lists revealed similar temporal trends for all diagnostic categories
examined other than depression and anxiety disorders.
We observed an overall decrease over time in the incidence of depression, and a much less substantial increase
over time for anxiety disorders. Please see the supplementary material (Fig. S6) for a side-by-side comparison of results generated with the “stringent” coding list.

Discussion
In the absence of comprehensive up-to-date populationbased epidemiological evidence, we examined temporal
trends in the annual incidence of neurodevelopmental
disorders, mental illnesses and self-harm in young
people. Between 2003 and 2018 incidence rates for
ADHD, anxiety disorders, autism, depression, and selfharm increased in both sexes. In some age groups the
incidence more than doubled, with increases being particularly pronounced during the later years of the study’s
observation period.

The temporal increases in incidence rates that we report for depression are, in terms of their magnitude,
consistent with those reported from previous studies
conducted in the UK [22] and in Norway [24]. In both
sexes, incidence was higher at ages 13–16 and 17–19,
but younger age groups saw larger relative increases.
The increases in incidence of anxiety disorders followed
a similar pattern, with the highest incidence recorded in
the two oldest age groups, mirroring results reported
from studies conducted in Wales [12] and Sweden [25].
The increases in incidence for depression and anxiety
disorders that we observed were primarily accounted for
by a growth in the number of individuals with recorded
symptoms, rather than diagnostic codes, which too is
consistent with evidence from the UK up until 2015
[22]. Studies examining prescription rates of antidepressants also show large relative increases in recent years in
Sweden [26] and the UK [22]. A recently conducted
study based on CPRD GOLD investigating eating disorder incidence between 2004 and 2014 reported a
stable trend for girls aged 11–15 [11]. In our analysis, incidence rates nearly doubled in girls aged 13–16, with
more modest increases in the 10–12 and 17–19 age
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Table 2 Deprivation adjusted incidence rate ratios for neurodevelopmental disorders between first and final year of the study’s
observation period by age group
Aged 1–5

Aged 6–9

Aged 10–12

Aged 13–16

Aged 17–19

2003

2018

2003

2018

2003

2018

2003

2018

2003

2018

Cases, n

28

24

80

252

32

117

20

106

a

34

Incidence rate

2

1

5

13

3

9

1

6

0

3

Incidence rate ratio

0.7

2.5

3.0

4.6

14.3

(95% CI)

(0.4, 1.3)

(1.9, 3.2)

(2.0, 4.2)

(2.8, 7.4)

(3.4, 59.7)

Female
ADHD

Autism
Cases, n

90

372

31

302

17

192

12

187

8

43

Incidence rate

5

17

2

16

2

14

1

11

1

4

Incidence rate ratio

3.5

7.5

9.2

13.0

4.6

(95% CI)

(2.8, 4.5)

(5.1, 11.1)

(5.6, 15.1)

(7.1, 23.9)

(2.2, 9.8)

Male
ADHD
Cases, n

153

110

454

987

233

431

129

351

20

76

Incidence rate

8

5

27

50

18

31

8

20

2

6

Incidence rate ratio

0.6

1.9

1.7

2.6

3.5

(95% CI)

(0.5, 0.8)

(1.6, 2.2)

(1.4, 2.0)

(2.1, 3.3)

(2.1, 5.7)

Autism
Cases, n

379

1334

221

964

99

448

60

315

20

85

Incidence rate

20

60

13

50

8

33

4

18

2

7

Incidence rate ratio

3.2

3.8

4.5

5.1

4.0

(95% CI)

(2.7, 3.8)

(3.2, 4.4)

(3.3, 5.3)

(3.7, 7.1)

(2.5, 6.5)

Incidence rates are per 10,000 person years and were directly standardised for Index of Multiple Deprivation (IMD) quintile. Incidence rates are rounded to
closest interger.
a
The CPRD stipulates that cell counts below 5 are masked to protect confidentiality

groups. The increases in self-harm were of a similar
magnitude to those observed for affective disorders.
Girls aged 13–16 had the highest incidence, but rates increased at a faster rate in in the 10–12 group. Evidence
from England & Wales report increases of a similar
magnitude among adolescent girls aged 13–16 [14] and
10–14 [15] only, whereas we observed increases in both
sexes and all age groups.
There is evidence for increases in prevalence of known
risk factors for mental illnesses and self-harm. For example, recent data have demonstrated an increase in
prevalence of maternal depression in the UK [27], a
well-established risk factor for anxiety disorder and depression among children and adolescents. Individuals
who live in more socially deprived areas are more likely
to have mental illnesses; deprivation levels in England
have since 2004 increased in households with adolescents and young adults [28]. There is also a mounting
body of evidence for a dose-response relationship between social media usage and poor mental health outcomes in young people [21, 29]. Greater social media

use has been linked to online harassment, sleep deficits,
low self-esteem and poor body image, which are associated with an increased risk for developing depression,
anxiety disorders and eating disorders [29]. Recent evidence indicates that suicide among 15–19-year-olds in
England and Wales has increased between 2009 and
2017 [30]. Whilst increased exposure to risk factors may
explain some of the increases that we report for mental
illnesses and self-harm, it is likely that we have largely
uncovered previously unidentified need.
Compared to the other conditions examined, we observed a greater variety in the magnitude of temporal
change in incidence of autism between boys and girls
and specific age groups. The relative increase was particularly pronounced in females, with IRRs of 8.2, 10.2,
and 20.5 in girls aged 6–9, 10–12, and 13–16, respectively. It is important to note that incidence rates among
these groups were very low at the beginning of the study
period. Thus, while the increases in relative terms are
substantial, they are small in absolute terms. Autism incidence was highest among 1–5-year-old boys, which is
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Fig. 2 Temporal trends in annual incidence rates for neurodevelopmental disorders by age group, 2003–2018

slightly lower than previously reported in the UK [31].
In terms of temporal change, studies from Sweden [32,
33] and Denmark [32] have reported prevalence increases in diagnosis that are of a comparable magnitude
to the temporal trends that we observed. ADHD incidence increased in all age groups, except for among 1–

Table 3 Deprivation adjusted incidence rate ratios for self-harm
between first and final year of study’s observation period by age
group and by gender
Aged 10–12

Aged 13–16

Aged 17–19

2003

2003

2003

2018

2018

2018

Female
Cases, n

81

413

817

1934

475

952

Incidence rate

7

30

58

117

50

87

Incidence rate ratio

4.2

1.9

1.8

(95% CI)

(3.3, 5.3)

(1.7, 2.2)

(1.6, 2.0)

Male
Cases, n

48

133

193

569

276

496

Incidence rate

4

9

11

33

Incidence rate ratio

2.5

2.9

1.7

24

39

(95% CI)

(1.8, 3.6)

(2.4, 3.4)

(1.4, 1.9)

Incidence rates are per 10,000 person years and were directly standardised for
Index of Multiple Deprivation (IMD) quintile. Incidence rates are rounded to
closest interger

5-year-olds, among whom rates decreased slightly over
time in both sexes. Across most age groups studied, our
findings were similar to those reported from a recent
UK study showing stable incidence rates between 2003
and 2011, with an upwards trend in 2011–2013. Our results may be a continuation of this trend. Studies from
the past decade show that the number of diagnoses and
prescriptions of methylphenidate have increased by similar magnitudes in Denmark [32, 34], Sweden [32, 35]
and the UK [36]. Increases in parental age, in-utero exposure to antidepressants, or extremely low birth weight
have been proposed as explanations for the increased incidence of ADHD and autism [7], although raised prevalence of rare risk factors, or of those that are not
strongly associated with the outcome, is unlikely to account for the large increases in incidence that we and
other studies have observed. Moreover, both ADHD and
autism have a strong genetic component, with an estimated heritability of 70–80% [37, 38]. For these reasons,
there is a growing consensus that increases in the incidence of neurodevelopmental illnesses observed over the
last 20 years are mostly due to factors independent of
aetiology, such as increased levels of awareness, detection, diagnosis and availability of services [7].
Considerable caution is needed in making inferences
regarding causal mechanisms from temporal trends in
incidence rates at population level because these
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Fig. 3 Temporal trends in annual incidence rates for self-harm by age group, 2003–2018

estimates to an unknown extent are influenced by factors that are independent of underlying disease aetiology.
For example, increases over time likely reflect changes
to ascertainment, service provision and treatment.
Changes to diagnostic criteria may influence rates of
diagnosis. However, clinicians in the UK primarily rely
on the International Classification of Disease (ICD) system for diagnosis, which during the duration of our
study has remained unchanged. Reductions to stigma associated with mental illnesses and increased awareness
among teachers and parents may also contribute to increased help seeking. Estimates from studies that are less
likely to be influenced by these factors report more
modest increases in incidence over time. For example,
results from the UK Child Adolescent Mental Health
Survey conducted in 1999, 2004 and 2017, in which several thousand randomly sampled children and adolescents were assessed for mental illnesses and exposure to
their risk factors, reported increases in the prevalence of
mental illnesses among individuals aged 5–15 ranging
from 9.7 to 11.2%. Moreover, whilst the proportion of
self−/parent-reported mental illnesses has increased in
the UK, the degree of reported psychological distress has
remained stable [39].
A potential limitation of our study is that we could
not determine the validity or relative severity of diagnosed conditions and self-harm episodes. However, as
several studies have demonstrated, there is a significant
risk of under-ascertainment by adopting a case definition
that is unduly stringent [9, 22]. We invite interested
readers to consider the supplementary files for a side-byside comparison of results generated using case definitions of varying levels of sensitivity (Fig. S4). Moreover,
because the CPRD does not comprehensively capture
detailed contextual information pertaining to neurodevelopmental disorders, mental illnesses and self-harm, we
are unable to determine if the increases in incidence reflect true changes to underlying levels of psychological
distress and psychopathology in the population. Whilst

we implemented a 12-month clearance period to reduce
the risk of including prevalent cases, it is possible that
some prevalent cases were included as the CPRD does
not have complete coverage across the entire study
period. Our results reflect the incidence of recorded
diagnoses of mental illnesses in primary care; cases recorded in other healthcare settings may therefore be
missing. Finally, this study used data prior to the
COVID-19 pandemic and resulting restrictions and
change in service delivery.

Conclusions
In this study, we show that the number of recorded
mental illness and self-harm-related primary care episodes have increased substantially among children and
adolescents in the UK in recent years. These findings are
consistent with evidence of increased demand for specialist mental health services [40] and raise several important questions for researchers, commissioners, and
policymakers. Secular trends of mental illness-related
presentations in healthcare settings are influenced by a
complex interaction of countervailing forces, many of
which are independent of disease aetiology. Future research is needed to determine if increased demand for
treatment reflects a real deterioration in psychological
wellbeing in the population and, if so, to identify the
underlying causes as this may lead to more targeted interventions. This could partly be accomplished by more
frequent updates to the UK Child Adolescent Mental
Health Survey, which provides prevalence estimates of
psychiatric illnesses and their risk factors that to a lesser
extent are influenced by factors unrelated to underlying
morbidity. Identifying the most effective responses to
the reported increase in demand represents a major
challenge for policymakers and researchers alike. Whilst
increasing access to treatment is a clear priority, it is evident that many of the solutions for reducing the burden
of mental illnesses lie beyond child and adolescent mental health services, and preventive efforts will need to
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address underlying determinants, such as poverty, bullying, educational stressors, and parental mental illness.
Because most psychiatric illnesses begin before adulthood, there is consensus among clinicians that preventative efforts targeting young people can lead to greater
personal, social and economic benefit than interventions
delivered at later stages of life [41]. The ongoing public
health response in the UK, which stresses the need for
parental support and outlines plans for increased collaboration between schools and mental health services [6],
is consistent with this view. However, evidence from
meta-analyses of school-based interventions is mixed
[42, 43], and more high quality evidence is needed to
better understand which interventions are effective for
whom and in what settings, and which factors are associated with their successful implementation.

Added value of this study

Using the UK Clinical Practice Research Link (CPRD)
Aurum and GOLD datasets, we delineated a cohort
study based on routinely collected primary care patient
electronic health records. We combined the study cohorts and investigated temporal trends in the incidence
of anxiety disorders, autism, attention-deficit hyperactivity disorder (ADHD), depression, eating disorders, and
non-fatal self-harm in children and adolescents aged 1–
19 years during 2003–2018. By presenting temporal
trends in incidence rates of self-harm and several neurodevelopmental disorder and mental illness diagnostic
categories in the same study cohort, we have addressed
some of the key limitations that are inherent with interstudy comparisons, providing an up-to-date overview
that hitherto has been lacking from the evidence base.
Results indicate that an increasing number of children
and adolescents are seeking help for neurodevelopmental disorders, mental illnesses and self-harm behaviour.
For several age groups and diagnostic categories the incidence rose by two-fold or more, with especially steep
increases occurring toward the end of the study’s observation period.
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Additional file 1: Fig. S1. Flow of cohort members in CPRD Aurum
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2003 and 2018.
Acknowledgements
This study is based on data from the Clinical Practice Research Datalink
obtained under license from the UK Medicines and Healthcare products
Regulatory Agency. The protocol for this work was approved by the
independent scientific advisory committee for Clinical Practice Research
Datalink research (protocol no. 19_061). The data are consensually provided
by patients and collected by the NHS as part of their care and support. The
interpretation and conclusions contained in this study are those of the
authors alone.
Authors’ contributions
LC, RW, DA, NK, and MC conceptualised the study and were involved in
planning the study design and analyses. LC and MC conducted the analyses.
LC wrote the first draft of the manuscript. LC, RW, DA, NK, MC, SG, & CCG
provided detailed comments on the initial draft of the manuscript and
contributed significantly to the interpretation of the findings. All authors
read and approved the final manuscript.
Funding
This study was funded by the National Institute for Health Research (NIHR)
Greater Manchester Patient Safety Translational Research Centre (GM PSTRC).
The views expressed are those of the authors and not necessarily those of
the NIHR or the Department of Health and Social Care. The funder was not
involved in the study design, data collection and analysis, or manuscript
writing. CC-G is part-funded by WM ARC. NK is supported by the Greater
Manchester Mental Health NHS Foundation Trust. The corresponding author
had access to the data and final responsibility for the decision to submit for
publication.
Availability of data and materials
Clinical Practice Research Datalink (CPRD) study datasets cannot be shared
publicly due to licencing restrictions. Researchers wishing to conduct their
own investigations using CPRD data should contact the Knowledge Centre
directly at the following email address: enquiries@cprd.com. The STATA code
that was used to generate the results is available on request.

Declarations
Ethics approval and consent to participate
Our study protocol was reviewed and approved both ethically and scientifically by
the Independent Scientific Advisory Committee of the Medicine and Healthcare
Regulatory Agency (protocol no. 19_061).
Consent for publication
Not applicable.
Competing interests
NK is a member of the Department of Health’s (England) National Suicide
Prevention Advisory Group. He chaired the NICE guideline development
group for the longer-term management of self-harm. NK is currently chair of
the committee for the updated NICE guideline for Depression and Topic Advisor for the new NICE self-harm guideline. All other authors declare no competing interests.

Additional file 2. Supplementary materials.
Additional file 3: Fig. S3. Observed annual and predicted incidence
rates of anxiety disorders, depression and eating disorders through a
linear time trend. Fig. S4. Observed annual and predicted incidence
rates of attention-deficit hyperactivity disorder (ADHD) and autism
spectrum disorder (ASD) through a linear time trend. Fig. S5. Observed
annual and predicted rates of self-harm through a linear time trend.

Author details
Centre for Mental Health & Safety, Division of Psychology & Mental Health,
School of Health Sciences, Faculty of Biology, Medicine, and Health, The
University of Manchester and Manchester Academic Health Sciences Centre,
Manchester M13 9PL, UK. 2NIHR Greater Manchester Patient Safety
Translational Research Centre, School of Health Sciences, Faculty of Biology,
Medicine and Health, The University of Manchester, Manchester Academic
1

Cybulski et al. BMC Psychiatry

(2021) 21:229

Health Science Centre, Oxford Road, Manchester M13 9PL, UK. 3Centre for
Pharmacoepidemiology and Drug Safety, Division of Pharmacy and
Optometry, School of Health Sciences, Faculty of Biology, Medicine and
Health, The University of Manchester, Manchester, UK. 4Neuroscience &
Experimental Psychology, Manchester Academic Health Science Centre,
University of Manchester and Royal Manchester Children’s Hospital, Central
Manchester University Hospitals NHS Foundation, Manchester, UK. 5School of
Medicine, Faculty of Medicine and Health Sciences, Keele University, Staffs
ST5 5BG, UK. 6Greater Manchester Mental Health NHS Foundation Trust,
Manchester, UK.
Received: 6 October 2020 Accepted: 8 April 2021

References
1. Steel N, Ford JA, Newton JN, Davis ACJ, Vos T, Naghavi M, et al. Changes in
health in the countries of the UK and 150 English local authority areas
1990–2016: a systematic analysis for the global burden of disease study
2016. Lancet. 2018;3(392):1647–61.
2. World Health Organization. Mental health action plan 2013-2020. 2013.
3. Merikangas KR, Nakamura EF, Kessler RC. Epidemiology of mental disorders
in children and adolescents. Dialogues Clin Neurosci. 2009;1(11):7–20.
4. Kim-Cohen J, Caspi A, Moffitt TE, Harrington H, Milne BJ, Poulton R. Prior
juvenile diagnoses in adults with Mental disorder. Arch Gen Psychiatry.
2003;60(7):709–17. https://doi.org/10.1001/archpsyc.60.7.709.
5. NHS Mental Health Taskforce. The five year forward view for mental health.
The Mental Health Taskforce 2016.
6. Department of Health. Transforming children and young people’s mental
health provision: a green paper. 2017.
7. Collishaw S. Annual research review: secular trends in child and adolescent
mental health. J Child Psychol Psychiatry Allied Discip. 2015;56(3):370–93.
https://doi.org/10.1111/jcpp.12372.
8. Hire AJ, Ashcroft DM, Springate DA, Steinke DT. ADHD in the United
Kingdom: regional and socioeconomic variations in incidence rates
amongst children and adolescents (2004-2013). J Atten Disord. 2018;22(2):
134–42. https://doi.org/10.1177/1087054715613441.
9. John A, Marchant AL, Fone DL, Mcgregor JI, Dennis MS, Tan JOA, et al.
Recent trends in primary-care antidepressant prescribing to children and
young people: an e-cohort study. Psychol Med. 2016;46(16):3315–27. https://
doi.org/10.1017/S0033291716002099.
10. Kendrick T, Stuart B, Newell C, Geraghty AWA, Moore M. Changes in rates of
recorded depression in English primary care 2003-2013: time trend analyses
of effects of the economic recession, and the GP contract quality outcomes
framework (QOF). J Affect Disord. 2015;180(15):68–78. https://doi.org/10.101
6/j.jad.2015.03.040.
11. Wood S, Marchant A, Allsopp M, Wilkinson K, Bethel J, Jones H, et al.
Epidemiology of eating disorders in primary care in children and young
people: a clinical practice research Datalink study in England. BMJ Open.
2019;9(8):1–12.
12. John A, Marchant AL, McGregor JI, Tan JOA, Hutchings HA, Kovess V, et al.
Recent trends in the incidence of anxiety and prescription of anxiolytics
and hypnotics in children and young people: an e-cohort study. J Affect
Disord. 2015;183:134–41. https://doi.org/10.1016/j.jad.2015.05.002.
13. Micali N, Hagberg KW, Petersen I, Treasure JL. The incidence of eating
disorders in the UK in 2000-2009: findings from the general practice
research database. BMJ Open. 2013;3(5):3–10.
14. Morgan C, Webb RT, Carr MJ, Kontopantelis E, Green J, Chew-Graham CA,
et al. Incidence, clinical management, and mortality risk following self harm
among children and adolescents: cohort study in primary care. BMJ. 2017;
359:j4351.
15. Marchant A, Turner S, Balbuena L, Peters E, Williams D, Lloyd K, et al. Selfharm presentation across healthcare settings by sex in young people : an ecohort study using routinely collected linked healthcare data in. Arch Dis
Child. 2019;0:1–8.
16. Wolf A, Dedman D, Campbell J, Booth H, Lunn D, Chapman J, et al. Data
resource profile: Clinical Practice Research Datalink (CPRD) Aurum. Int J
Epidemiol. 2019;48(6):1740–1740g.
17. Mclennan D, Barnes H, Noble M, Davies J, Garratt E. The English indices of
deprivation 2010 the English indices of deprivation 2010; 2010.
18. NHS Digital. READ Codes. 2021. Available from: https://isd.digital.nhs.uk/
trud3/user/guest/group/0/pack/9.

Page 11 of 12

19. World Health Organization. Adolescent health. 2020. Available from: https://
www.who.int/southeastasia/health-topics/adolescent-health
20. Herrett E, Gallagher AM, Bhaskaran K, Forbes H, Mathur R, van Staa T, et al.
Data resource profile: clinical practice research Datalink (CPRD). Int J
Epidemiol. 2015;44(3):827–36. https://doi.org/10.1093/ije/dyv098.
21. NHS Digital. Mental Health of children and young people in England. 2018.
22. Sarginson J, Webb RT, Stocks SJ, Esmail A, Garg S. Temporal trends in
antidepressant prescribing to children in UK primary care, 2000–2015. J
Affect Disord. 2017;210:312–8. https://doi.org/10.1016/j.jad.2016.12.047.
23. Mitchell C, Dwyer R, Hagan T, Mathers N. Impact of the QOF and the NICE
guideline in the diagnosis and management of depression: a qualitative
study. Br J Gen Pract. 2011;61(586):279–89.
24. Skurtveit S, Bramness JG, Hjellvik V, Hartz I, Nesvåg R, Hauge LJ, et al.
Increase in diagnosis of depressive disorders contributes to the increase in
antidepressant use in adolescents. Acta Psychiatr Scand. 2018;137(5):413–21.
https://doi.org/10.1111/acps.12877.
25. Kosidou K, Magnusson C, Mittendorfer-Rutz E, Hallqvist J, Hellner Gumpert
C, Idrizbegovic S, et al. Recent time trends in levels of self-reported anxiety,
mental health service use and suicidal behaviour in Stockholm. Acta
Psychiatr Scand. 2010;122(1):47–55. https://doi.org/10.1111/j.1600-0447.2009.
01487.x.
26. Lagerberg T, Molero Y, D’Onofrio BM, Fernández de la Cruz L, Lichtenstein
P, Mataix-Cols D, et al. Antidepressant prescription patterns and CNS
polypharmacy with antidepressants among children, adolescents, and
young adults: a population-based study in Sweden. Eur Child Adolesc
Psychiatry. 2019;28(8):1137–45. https://doi.org/10.1007/s00787-018-01269-2.
27. Abel KM, Hope H, Swift E, Parisi R, Ashcroft DM, Kosidou K, et al. Prevalence
of maternal mental illness among children and adolescents in the UK
between 2005 and 2017: a national retrospective cohort analysis. Lancet
Public Heal. 2019;4(6):e291–300. https://doi.org/10.1016/S2468-2667(19)3
0059-3.
28. Kontopantelis E, Mamas MA, Van Marwijk H, Buchan I, Ryan AM, Doran T.
Increasing socioeconomic gap between the young and old: temporal
trends in health and overall deprivation in England by age, sex, urbanity
and ethnicity, 2004-2015. J Epidemiol Community Health. 2018;72(7):636–44.
https://doi.org/10.1136/jech-2017-209895.
29. Kelly Y, Zilanawala A, Booker C, Sacker A. Social media use and adolescent
Mental Health: findings from the UK millennium cohort study. Eclinical Med.
2019;6:59–68.
30. Bould H, Mars B, Moran P, Biddle L, Gunnell D. Rising suicide rates among
adolescents in England and Wales. Lancet. 2019;394(10193):116–7. Available
from:. https://doi.org/10.1016/S0140-6736(19)31102-X.
31. Taylor B, Jick H, MacLaughlin D. Prevalence and incidence rates of autism in
the UK: time trend from 2004-2010 in children aged 8 years. BMJ Open.
2013;3(10):1–6.
32. Atladottir HO, Gyllenberg D, Langridge A, Sandin S, Hansen SN, Leonard H,
et al. The increasing prevalence of reported diagnoses of childhood psychiatric
disorders: a descriptive multinational comparison. Eur Child Adolesc Psychiatry.
2014;24(2):173–83. https://doi.org/10.1007/s00787-014-0553-8.
33. Idring S, Lundberg M, Sturm H, Dalman C, Gumpert C, Rai D, et al. Changes
in prevalence of autism Spectrum disorders in 2001–2011: findings from the
Stockholm youth cohort. J Autism Dev Disord. 2015;45(6):1766–73. Available
from:. https://doi.org/10.1007/s10803-014-2336-y.
34. Jensen CM, Steinhausen HC. Time trends in incidence rates of diagnosed attentiondeficit/hyperactivity disorder across 16 years in a nationwide Danish registry study. J
Clin Psychiatry. 2015;76(3):e334–41. https://doi.org/10.4088/JCP.14m09094.
35. Rydell M, Lundström S, Gillberg C, Lichtenstein P, Larsson H. Has the
attention deficit hyperactivity disorder phenotype become more common
in children between 2004 and 2014? Trends over 10 years from a Swedish
general population sample. J Child Psychol Psychiatry Allied Discip. 2018;
59(8):863–71. https://doi.org/10.1111/jcpp.12882.
36. Renoux C, Shin JY, Dell’Aniello S, Fergusson E, Suissa S. Prescribing trends of
attention-deficit hyperactivity disorder (ADHD) medications in UK primary
care, 1995-2015. Br J Clin Pharmacol. 2016;82:858–68.
37. Xu G, Strathearn L, Liu B, Yang B, Bao W. Twenty-year trends in diagnosed
attention-deficit/hyperactivity disorder among US children and adolescents,
1997-2016. JAMA Netw Open. 2018;1(4):e181471. https://doi.org/10.1001/ja
manetworkopen.2018.1471.
38. Sandin S, Lichtenstein P, Kuja-Halkola R, Hultman C, Larsson H, Reichenberg
A. The heritability of autism Spectrum disorder analysis method B. J Am
Med Assoc. 2017;318(12):1182–4. https://doi.org/10.1001/jama.2017.12141.

Cybulski et al. BMC Psychiatry

(2021) 21:229

39. Pitchforth J, Fahy K, Ford T, Wolpert M, Viner RM, Hargreaves DS. Mental health
and well-being trends among children and young people in the UK, 19952014: analysis of repeated cross-sectional national health surveys. Psychol Med.
2019;49(8):1275–85. https://doi.org/10.1017/S0033291718001757.
40. Frith E. CentreForum commission on children and young People’s Mental
Health: state of the nation; 2016.
41. Royal College of Psychiatrists. No health without public mental health: the
case for action. Position Statement PS4/2010. 2010. Available from: https://
www.rcpsych.ac.uk/pdf/PS04_2010.pdf
42. Sanchez AL, Cornacchio D, Poznanski B, Golik AM, Chou T, Comer JS. The
effectiveness of school-based Mental Health Services for Elementary-Aged
Children: a meta-analysis. J Am Acad Child Adolesc Psychiatry. 2018;57(3):
153–65. https://doi.org/10.1016/j.jaac.2017.11.022.
43. Caldwell DM, Davies SR, Hetrick SE, Palmer JC, Caro P, López-López JA, et al.
School-based interventions to prevent anxiety and depression in children and
young people: a systematic review and network meta-analysis. Lancet
Psychiatry. 2019;6(12):1011–20. https://doi.org/10.1016/S2215-0366(19)30403-1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

