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Understanding the drivers of health and economic cost for the treatment

of mental health conditions s critical to meet the accelerating demands

for care. We conducted an economic evaluation of real-world healthcare-
systems data from 27,540 patients receiving care for amood or an anxiety
disorder within the UK National Healthcare Service. Using Markov models
built on discrete health states to compare the cost-effectiveness of different
interventions, we show that the principal drivers of healthcare cost relate
to waiting times and treatment effectiveness. We find that internet-
delivered cognitive behavioral therapy has a‘dominant’ incremental
cost-effectiveness ratio relative to standard care, offering similar clinical
effectiveness but with shorter treatment times. In most healthcare systems,
the clinical effectiveness of mental healthcare remains unquantified, and
long treatment times are common. The potential for these findings to inform
mental healthcare policy is substantial, particularly around immediacy of
access and the importance of outcomes-focused quality management.

Although common mental health conditions such as depression and
anxiety entail intense emotional distress and have a substantial impact
onsocialand occupational functioning, a striking proportion of these
conditions remain undiagnosed or untreated"* The estimated costs of
mental health disorders are high: across Europe in 2010, mood disor-
ders cost €113.4 billion (£97.3 billion), of which around 37% was attrib-
uted to direct medical costs**. Further costs are incurred through the
use of other healthcare services: people suffering from depression and
anxiety are more likely to use primary and secondary healthcare ser-
vices, such as general practitioners and other community provisions>®.
These costs vary by severity and are estimated to be above £750 per
person treated for outpatient care’. There is well-established literature
onthe global economic cost of mental health disorders and the health
economic value of mental healthcare provision® 2. However, although

there is a wide range of treatment options available for these condi-
tions, from pharmacotherapy to psychotherapy, and acombination of
both®*™, we lack studies comparing the cost-effectiveness of different
treatment interventions. For example, a recent systematic review of
economic evaluations for internet-based mental health interventions
noted that most are compared to wait-list control groups rather than
to other types of intervention™. Furthermore, the way variables such
as treatment costs, clinical effectiveness, waiting times, treatment
times and natural recoveryratesinteract to drive health and economic
outcomes also remains poorly understood.

Here we investigate the drivers of health and economic costs
in mental health conditions based on large-scale real-world health-
systems data that capture information about the treatment pathways,
durationand clinical outcomes for arange of interventions. We use data
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from the NHS Talking Therapies (NHS TT) program, formerly known
as Improving Access to Psychological Therapies (IAPT), a large-scale
initiative aimed atincreasing access to evidence-based psychological
therapy within the English National Health Service (NHS). The NHS TT
program provides a standard framework for the collection, monitor-
ing and evaluation of clinical outcomes, which promotes value-based
care using a stepped-care approach. This approach is founded on the
principle that patients should be offered the least intensive interven-
tions appropriate for their needs first, fromstep 1 (least severe) to step
4 (most severe)™.

More than 1.5 million patients referred to NHS TT services each
year are offered arange of behavioral therapies and interventions such
as counseling, cognitive behavioral therapy (CBT) and group therapy®.
Within these, CBT is one of the more common types of therapy and
is delivered to approximately one-third of NHS TT patients'®. With
proven clinical effectiveness, structured CBT models are also amena-
ble to delivery via online materials, in either self-guided or therapist-
led format'”*®, Online CBT approaches have been implemented in
NHS TT services to help overcome common barriers to accessing
mental health treatment, including enabling out-of-hours access to
therapy and reducing waiting times'**°. Furthermore, online-delivered
psychological therapies may play an important role in reducing the
cost of mental healthcare, with a number of recently published stud-
ies comparing the cost-effectiveness of online therapy with that of
traditional therapy'>* >,

This study extends this knowledge and investigates the principal
cost drivers for treatment of common mental disorders, by compar-
ing a form of internet-delivered CBT with general NHS TT services.
Using a modeling approach grounded in real-world health-systems
data, we conduct a cost-effectiveness analysis to understand the health
and economicimpact of different types of care and discuss the poten-
tialimplications our results have for policy and clinical practice.

Results

Base-case models

We constructed health economic models as health-state-transition
(Markov) processes that captured a range of costs associated with
different severities of anxiety or depression. Specific costs and utilities
were assigned to different health states, with costs and benefits accrued
while the patient remained within each statein the model. Transitions
between different health states were updated in monthly cycles, and
we modeled costs and benefits over a2 year time horizon. Costs were
estimated based on data from (1) Dorset Healthcare University NHS
Foundation Trust (DHC), (2) ieso, and, where costs were not directly
available, (3) published literature.

Results from the health economic modeling showed a differ-
ence in costs and health-related quality of life between the two data
samples, with internet-delivered CBT showing small improvements
in quality-adjusted life years (QALYs) and lower costs for both anxiety
and depression, across all severity bands, relative to NHS TT services
ingeneral (Table 1). This means that internet-delivered CBT results in
increased health benefits at a lower cost, relative to NHS TT services
ingeneral, and can therefore be said to have a‘dominant’incremental
cost-effectiveness ratio (ICER). The ICER is a standard outcome meas-
ure in health economic analysis; it communicates the extra cost of
accruing one extra unit of health benefit from using an intervention
versus acomparator treatment. In this case, it represents the financial
cost (in £) of accruing one extra QALY when using internet-delivered
CBT instead of NHS TT services in general. This suggests that at any
severity level, internet-delivered CBT is likely to be considered a cost-
effective intervention.

As the data consisted of real-world data samples, they were not
matched for symptom severity and demographic characteristics
(Extended DataFig.1). To test the robustness of the base-case results,
we used propensity score matching and inverse probability weighting

Table 1| Deterministic base-case results for anxiety and
depression over a 2year horizon

Internet-delivered NHSTT Difference

CBT

Depression

Mild
Initial treatment cost per patient £419 £596 -£178
Recurrent treatment cost per patient  £43 £59 -£15
Background costs £801 £846 -£45
QALYs per patient 1.40 1.39 0.01
Net monetary benefit £400
ICER Dominant

Moderate
Initial treatment cost per patient £453 £584 -£131
Recurrent treatment cost per patient  £46 £55 -£9
Background costs £948 £962 -£15
QALYs per patient 1.34 1.33 0.01
Net monetary benefit £313
ICER Dominant

Moderately severe
Initial treatment cost per patient £463 £617 -£154
Recurrent treatment cost per patient  £52 £65 -£13
Background costs £1102 £1127 -£25
QALYs per patient 1.29 1.28 0.01
Net monetary benefit £371
ICER Dominant

Severe
Initial treatment cost per patient £442 £685 -£243
Recurrent treatment cost per patient ~ £55 £79 -£24
Background costs £1,327 £1,340 -£13
QALYs per patient 1.22 122 0.003
Net monetary benefit £349
ICER Dominant

Anxiety

Mild
Initial treatment cost per patient £434 £461 -£28
Recurrent treatment cost per patient  £38 £39 -£1
Background costs £754 £758 -£4
QALYs per patient 1.36 1.36 0.008
Net monetary benefit £183
ICER Dominant

Moderate
Initial treatment cost per patient £466 £545 -£79
Recurrent treatment cost per patient ~ £42 £48 =89
Background costs £800 £803 -£2
QALYs per patient 1.30 1.29 0.01
Net monetary benefit £187
ICER Dominant

Severe
Initial treatment cost per patient £501 £623 -£122
Recurrent treatment cost per patient  £57 £68 -£12
Background costs £915 £929 -£14
QALYs per patient 1.22 1.21 0.01
Net monetary benefit £379
ICER Dominant

A ‘dominant’ ICER refers to the introduction of an intervention that results in increased health
benefits at a lower cost.
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to balance covariate distribution between the two treatment groups,
based on their age and symptom severity at the start of treatment**.
Accounting for these differences between the two data samples did
not alter the findings (Supplementary Tables1-3).

Probabilistic sensitivity analysis

To understand the robustness of the modeling results to variations
in the input parameters, we performed Monte Carlo simulations.
In particular, we randomly varied input parameters based on pub-
lished estimates of variability” (when available) or by 15% around the
mean®**®and recomputed the model estimates. For both models, the
ICER points were compared with a cost-effectiveness threshold of
£20,000 per QALY”. We found that our findings were robust to vari-
ation in the input parameters, with internet-delivered CBT showing
a‘dominant’ ICER relative to standard NHS TT services, across both
conditions (depression and anxiety) and all severity bands (Table 2).
Specifically, for the depression population, the probability of inter-
net-delivered CBT being considered cost-effective relative to NHS
TT services averaged across all impairment bands was 99.9% (mild,
>99.9%; moderate, 99.7%; moderate-severe, 99.9%; severe, 99.9%),
with 91.8% of simulated ICER points averaged across all impairment
bandslocated under the cost-effectiveness threshold if ICERs with an
incremental QALY loss are excluded (mild, 99.1%; moderate, 89.5%;
moderate-severe, 91.6%; severe, 87.1%). For the anxiety population,
the probability of internet-delivered CBT being cost-effective rela-
tive to NHS TT services averaged across all impairment bands was
90.4% (mild, 78.8%; moderate, 92.4%; severe, >99.9%), with 85.7% of
simulated ICER points averaged across allimpairment bands located
under the cost-effectiveness threshold if ICERs with an incremental
QALY loss are excluded (mild, 70.0%; moderate, 87.0%; severe, >99.9%)
(Extended Data Figs. 2 and 3).

Deterministic sensitivity analysis and scenario analysis
Itisnotable that the incremental difference in costsis larger for patients
with depression, and those with a higher starting severity, relative to
patients with anxiety and milder starting symptom severity (Table1). To
understand the behavior of the modelin more detail and toidentify the
principal drivers of cost in the model, we systematically manipulated
the various model inputs in a deterministic sensitivity analysis (DSA).
Results show that although treatment effectiveness, treatment cost,
and utilities of the starting severity health state are the main drivers
of the model for milder severity bands, time from referral to end of
treatment increases in importance for more severe starting states,
more so for depression than for anxiety (Figs.1and 2).

Time fromreferral to end of treatmentis made up of acombination
of waiting time (from referral to start of treatment) and treatment time
(fromstartto end of treatment). As waiting times are one of the biggest
challenges faced by mental healthcare services globally, we conducted
a sensitivity analysis on NHS TT services data to explore the impact
of delays in treatment on costs to the healthcare system and patient
health, across all severity bands (Fig. 3). We found that principal driv-
ersof costs fromdelay resulted from the increase in background costs
(thatis, use of other healthcare services) and reductionsin the patient’s
quality of life. These cost increases are most notable for the patient’s
health-related quality of life (assuming a QALY is worth £20,000)
(ref. 29), particularly so for more severe health states at the start of
treatment. Results for internet-delivered CBT are similar and can be
found in Supplementary Fig. 4.

Another modelinputthat directly relates to the cost-effectiveness
of mental healthcare services is treatment effectiveness. We conducted
asensitivity analysis on NHS TT services data to explore the impact of
variations in treatment effectiveness on net costs per patient, where
a proportion of patients in each severity band moved to less severe
health states (positive change in effectiveness) or more severe health
states (negative change in effectiveness) (Fig. 4). Results again showed

Table 2 | Probabilistic results for anxiety and depression

over a2year horizon

Internet- NHSTT Difference [95% Cl]
delivered CBT
Depression
Mild
Total cost per patient £1,264 £1,503 -£239[-£381; -£109]
QALYs per patient 1.34 1.33 0.01[0.00; 0.05]

Net monetary benefit [95% CI]

£508 [£166; £1,188]

ICER Dominant
Probability of 0.991

cost-effectiveness

Moderate
Total cost per patient £1,445 £1.601 -£156 [-£286; -£31]
QALYs per patient 1.27 1.26 0.01[0.00; 0.03]
Net monetary benefit [95% CI]  £359 [£67; £828]
ICER Dominant
Probability of 0.895

cost-effectiveness

Moderately severe
Total cost per patient £1,618 £1,810 -£192[-£343; -£61]
QALYs per patient 1.22 1.21 0.01[0.00; 0.03]
Net monetary benefit [95% CI]  £415 [£96; £823]
ICER Dominant
Probability of 0.916

cost-effectiveness

Severe
Total cost per patient £1,826 £2100 -£275[-£431;-£129]
QALYs per patient 114 113 0.004 [0.00; 0.02]

Net monetary benefit [95% Cl]

£358 [£154; £624]

ICER Dominant
Probability of 0.871
cost-effectiveness
Anxiety
Mild
Total cost per patient £1,231 £1,250 -£18[-£144; £97]
QALYs per patient 1.31 1.30 0.02[-0.01; 0.06]

Net monetary benefit [95% CI]

£328 [-£138; £1,261]

ICER Dominant
Probability of 0.700
cost-effectiveness
Moderate
Total cost per patient £1,305 £1,388 -£82[-£226; £58]
QALYs per patient 1.24 1.21 0.03 [-0.01; 0.09]

Net monetary benefit [95% Cl]

£597 [-£88; £1,749]

ICER Dominant
Probability of 0.870
cost-effectiveness
Severe
Total cost per patient £1,477 £1,653 -£176 [-£344; -£33]
QALYs per patient 116 112 0.04[0.00; 0.09]

Net monetary benefit [95% Cl]

£941[£145; £1,987]

ICER

Dominant

Probability of
cost-effectiveness

>0.999

Total costs per patient are the sum of initial treatment costs, recurrent treatment costs and
background costs, per patient. A ‘dominant’ ICER refers to the introduction of an intervention
that results in increased health benefits at a lower cost. Probability of cost-effectiveness
excludes ICERs with an incremental QALY loss. Cl, confidence interval
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Fig.1|DSA for depression. a-d, Tornado diagrams showing how net monetary
benefitis affected in mild (a), moderate (b), moderate-severe (c) and severe
(d) depression, relative to the base-case model, by a variation of 20% in each of

Net monetary benefit (£)

the model parameters (20% increase in yellow, 20% decrease in green). Model
parameters with the greatest spread are those to which net monetary benefit is
most sensitive. NTT, NHS Talking Therapies.

impactonboth background costs (which areinversely related to treat-
ment effectiveness) and large changesin costsrelated to the patient’s
health-related quality of life, particularly for more severe health states
(assuming a QALY is worth £20,000) (ref. 29). Results for internet-
delivered CBT can be found in Supplementary Fig. 5.

Discussion

Here we have modeled healthcare costs based on two large datasamples
ofthereal-world delivery of mental healthcare treatments. We did this
to understand the principal drivers of cost within mental healthcare
provision, and our findings highlight the importance of reduced wait-
ing and treatment times for both anxiety and depression, particularly
for more severe presentations. Although we take astandard approach
of computing the relative costs between two services (NHS TT in gen-
eral versus internet-delivered CBT), sensitivity and scenario analyses
show that the principal benefits accrued by internet-delivered CBT
relate to the ability to treat patients sooner with a program that deliv-
ers similar rates of recovery under a shorter treatment time—from
patient referral to completion of treatment, internet-delivered CBT
canbe completed in approximately halfthe time taken for general NHS
TT services (Extended Data Fig. 4), with similar treatment effective-
ness. These findings may be explained by the fact that online forms of
therapy have beenreported to facilitate patient disclosure and enhance
self-reflection through writing, which may have an effect on treatment

efficacy and duration®**, Furthermore, internet-delivered CBT cost
savings are higher for depression than for anxiety, and for more severe
presentations than for mild. Thisis partly due to the higher background
medical costs associated with severe mental health conditions, as well
as higher background costs for depression relative to anxiety, meaning
the value of completing treatment faster is comparatively greater for
these patients”*. Inaddition, the proportional difference in treatment
costs between internet-delivered CBT and standard NHS TT services
isalso larger for depression than for anxiety (Extended Data Fig. 5),
furtherincreasing the relative cost-benefit ofinternet-delivered CBT
indepression.

Results from sensitivity analyses show that treatment effective-
ness, time fromreferral to end of treatment and treatment cost are the
most important drivers of cost in this model, with the importance of
waiting and treatment time increasing for more severe starting states.
This leads to an observed greater benefit of internet-delivered CBT
at higher severity levels. Furthermore, scenario analyses show that
increases in waiting and treatment times and decreases in treatment
effectiveness have a substantial impact on health-related quality of
life, highlighting the value of getting patients into effective treat-
ments more quickly, not only to reduce economic cost but also to
alleviate human suffering. In other words, the substantive costs of
mental health disorders do not come from treating them, but rather
fromnot treating them.
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Fig. 2| DSA for anxiety. a-c, Tornado diagrams showing how net monetary benefit is affected by mild (a), moderate (b) and severe (c) anxiety, relative to the base-case
model, by a variation of 20% in each of the model parameters (20% increase in yellow, 20% decrease in green). Model parameters with the greatest spread are those to

which net monetary benefit is most sensitive.

Real-world data is becoming increasingly influential for under-
standing and making policy decisions in healthcare®. The large data-
set used for this analysis provides insight into the key drivers to both
health and economic outcomes, when comparing psychotherapy
delivery methods. The strength of this datais that it can track individu-
als through their treatment with a high level of detail on number of
sessions, waiting and treatment time, requirement for repeat treatment
and engagement with treatment in a real-world setting, which may
be more reflective of behavior in clinical practice than a randomized
controlled trial.

The results of this study have particularly important implica-
tions for clinical practice, given current global accessibility issues,
exacerbated by the global pandemic®**, in which only a minority of
peopleinneed haveaccessto psychological therapy. Internet-delivered
CBT and other forms of online therapy have the potential to amelio-
rate this issue and substantially reduce waiting times, by offering a
degree of flexibility that is not available in traditional face-to-face
services™. Internet-delivered interventions have been shown to be
cost-effective relative to a range of control comparators (wait-list
control, treatment as usual, attention control and other psychological
and pharmaceutical therapies)'>*”*%, Thus, the use of internet-delivered
CBT can increase capacity through more efficient service delivery
and faster treatment and recovery. These benefits are further bol-
stered by reducing background medical costs and improving patients’
quality of life.

However, it is important to note that not all online service pro-
vision is equivalent. Specifically, therapist-guided therapies show
better clinical outcomes and lower drop-out rates relative to self-
guided interventions'"”*. Inaddition, the health economic evidence
for self-guided interventions is less favorable than that for therapist-
guided interventions'>*¢, and there is a paucity of knowledge about
the cost-effectiveness of self-guided interventions compared with
that of treatment as usual or active controls rather than waiting lists'.
Online and computerized self-guided interventions, or those with
only minimal therapist involvement, are classed as low-intensity
interventions. They have the advantage of being inexpensive and eas-
ily scalable, but are only suitable for patients with milder presenta-
tions, and show low engagement rates in real-world scenarios'*"*°,
By contrast, internet-delivered CBT is an effective type of online
therapy, in which patients are offered one-to-one sessions with an
accredited CBT therapist. As aresult of its one-to-one nature, internet-
delivered CBT is classed as high-intensity therapy and suitable for
patients with more severe conditions, while retaining other advan-
tages of online therapy, such as facilitating access and enhancing
disclosure?.

Finally, it is important to note that the models presented here
relate to the specific context of the English NHS, with background
costs, treatment costs for NHS TT, utilities and natural deteriora-
tion rates conservatively estimated from the literature. Although
we see considerable potential to extend the approach to other
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Fig.3|Mean economic cost of mental health conditions by waiting and
treatment time, for depression and anxiety. a-g, Economic cost per patient
for NHS TT services across all severity bands: mild (a), moderate (b), moderate-
severe (c) and severe (d) depression, and mild (e), moderate (f) and severe

(g) anxiety. Costs are split by background costs and QALY losses in monetary

value over the 2 year time horizon, for waiting plus treatment times ranging
from1to 12 months. QALYs were converted into amonetary value using the
cost-effectiveness threshold of £20,000 (that is, assuming that a QALY isworth
£20,000).
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Fig. 4| Economic cost of mental health conditions by treatment
effectiveness, for depression and anxiety. a-g, The economic cost per
patient of mental health conditions for NHS TT services: mild (a), moderate (b),
moderate-severe (c) and severe (d) depression, and mild (e), moderate (f) and
severe (g) anxiety, split by background costs and QALY losses in monetary value

over the 2 year time horizon. Costs are presented for treatment efficacies ranging
from -20% (thatis, 20% less effective than average NHS TT services) to +20%
(thatis, 20% more effective than average NHS TT services). QALYs were converted
into amonetary value using the cost-effectiveness threshold of £20,000 (that is,
assuming that a QALY is worth £20,000) (ref. 29).

healthcare settings, costs and key parameters of the model will
likely differ (that is, waiting times, effectiveness and costs of treat-
ment may differ). However, it is noted that the granular data that
enabled the analyses in the current study are not available for most
mental healthcare systems, and routine measurement of clinical
outcomes for mental healthcare remains the exception rather than
the norm.

Future work based on the analysis of other large healthcare data-
sets, with accurate cost and healthcare resource utilization data, would
reveal aricher picture of the interactions between model parameters
that occur across different real-world healthcare settings. This will
be important to inform mental healthcare policy and optimize men-
tal healthcare delivery focusing on immediacy of access to care and

measurable clinical effectiveness, to reduce both human and economic
costs of mental health conditions.

Limitations

This study explores the drivers of health and economic cost in mood
and anxiety disorders by comparing a specific form of psychologi-
cal therapy, internet-delivered CBT, with NHS TT services in general,
whichinclude various types of therapy (for example, CBT, counseling,
interpersonal therapy, psychodynamic therapy) delivered over arange
of modalities (for example, face to face, online, video, or telephone).
Although results show that internet-delivered CBT offers similar
treatment effectiveness under a shorter treatment time, relative to
NHS TT services in general, further research is needed to explore the
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comparative cost-effectiveness of specific therapy types or modali-
ties (for example, internet-delivered CBT versus face-to-face CBT,
or internet-delivered CBT versus internet-delivered counseling).
Furthermore, itisimportant to acknowledge that the current economic
evaluation only captured direct medical costs to the NHS, including
treatment costs and background medical costs. Given the substan-
tial indirect costs of mental health conditions, particularly related to
unemployment and productivity losses*, it is recommended that future
economic evaluations of different therapy types consider modeling
indirect costs alongside direct costs.

Another limitation affecting the current study is the potential for
bias, given the statistically significant baseline differences between the
two treatment groups (Extended DataFig. 1). Although we attempted
to mitigate this through propensity score matching and inverse prob-
ability weighting, the risk of self-selection bias may remain. Factors
suchas patients’socioeconomic status and age group may affect their
digital literacy, and patients who choose internet-delivered CBT may
be more likely to respond to treatment, relative to those who receive
standard NHS TT treatment. Although this riskis further mitigated by
the fact that patient preference is recognized as an important factor
for driving clinical outcomes in standard NHS TT services*, informa-
tionabout whether or not a patient received their preferred treatment
type or modality (for example, CBT, counseling, face to face and online)
is not systematically recorded. This is a trade-off in using real-world
healthcare data: although we have been able tolearn fromavery large
sample, we face the limitation of not having data available to control
for a variety of important factors (for example, patient-preferred
treatment choice, digital literacy, socioeconomic status, mental health
comorbidities and others) in the way that would be possibleinarand-
omized control trial. Enriching data collection around these variables
would enhance future research.

It is also important to recognize that certain model inputs were
estimated based on the literature (for example, NHS TT treatment
costs, natural recovery and symptom deterioration rates). Although
carewas taken to conduct athorough review of the existing literature,
in some cases, the patient population from which model inputs were
estimated did not closely match the patient demographicsin the cur-
rent study (for example, natural recovery and symptom deterioration
rates are estimated from published research onageriatric population
of patients with depression in the United States)*. As these model
inputs are assumed to be the same for both internet-delivered CBT
and standard NHS TT treatment, they are unlikely to meaningfully
affect model results.

Finally, mortality was not included within the economic models,
primarily because mortality data were not captured in the context of
our study. Although we recognize that there is extensive literature
demonstratingincreased mortality risk associated with mental health
disorders**, some studies suggest that this excess mortality is primar-
ily driven by multimorbidity and frailty*. Given the short-term time
horizonfor the current model, and the fact that patients with comorbid
chronic physical health conditions were excluded, the impact on the
model results if mortality rates were applied is expected to be small.
Nevertheless, thisis alimitation for the current economic analysis and
future work should consider the possibility of incorporating mortality
datainto analyses where possible.

Conclusion

We have used large robust real-world healthcare datato understand the
costs associated with treating mental health conditions. Our analysis
highlights the key healthcare and human costs from waiting times and
treatment duration. Treatment costs are generally outweighed by the
increased draw on other medical services, and in the loss of health-
related quality of life that comes from poor mental health. This high-
lights that the substantive costs of mental health conditions are driven
by notinterveninginanadequate or timely manner. Internet-delivered

CBT provides one means of reducing waiting times and quickening
the pace of a patient’s recovery, with similar treatment effectiveness.

Methods

Ethical statement

This study complies with ethical regulations set by the NHS TT
program (https://digital.nhs.uk/data-and-information/data-
collections-and-data-sets/data-sets/improving-access-to-psycho-
logical-therapies-data-set/iapt-data-set-fair-processing-guidance),
under which both DHC and ieso operate. The NHS TT program is
alarge-scale national initiative aimed at increasing free-of-charge
access to evidence-based psychological therapy for common mental
health disorders within the English NHS". The information captured
through the dataset of NHS TT is intended to support the monitoring
oftheimplementation and effectiveness of national policy and legisla-
tion, policy development, performance analysis and benchmarking,
national analysis and statistics and national audit of NHS TT services.
At registration, patients agree to the services’ terms and conditions,
including the use of deidentified data for research and audit purposes,
including academic publications or conference presentations. As thisis
ahealtheconomics evaluation using routinely collected NHS TT data,
itis classed as aservice evaluation and therefore not subject to formal
ethical review**". Before initiation, the study was reviewed internally
atbothieso and DHC following their respective standard procedures
for service evaluation studies.

Study designand data source

Thisstudy is an economic evaluation of real-world mental healthcare-
systems data, using routinely collected quantitative clinical-outcomes
data from patients receiving care for a mood or an anxiety disorder
within the UK National Healthcare Service. Deidentified real-world
data were obtained from records of 83,110 patients receiving either
standard treatment through NHS TT services or internet-delivered
CBT, discharged from treatment between January 2018 and December
2020. All patients received treatment under astepped-care approach,
in which patients are offered the least intensive interventions appro-
priate for their needs first'. Under the stepped-care model, patients
with milder presentations are signposted to low-intensity interven-
tions (step 2), whereas patients with more severe symptoms or more
complex needs are signposted to high-intensity interventions (step 3).

Standard NHS TT treatment data were provided by DHC, for
patients in Dorset who received outpatient treatment for a mental
health condition using a wide range of treatment interventions, includ-
ing CBT, counseling, guided self-help, and group therapy (Supplemen-
tary Table 6). Internet-delivered CBT data were provided by ieso, for
patients across England who received outpatient CBT for the treatment
of amental health condition, delivered over the internet using acom-
mercial package provided by ieso (https://www.iesohealth.com/).
Patients self-referred or were referred by a primary healthcare worker
directly to the service. Upon registration, patients were assigned to a
qualified CBT therapist and National Institute for Health and Care Excel-
lence (NICE)-approved disorder-specific CBT treatment protocols™
were delivered during scheduled sessions in an online therapy room,
via one-to-one real-time written conversation.

Given that most of the literature covering the health economics
of mental healthcare focuses on depression and anxiety, only patients
with aprimary diagnosis of depression (International Classification of
Diseases, Tenth Revision codes F32, F33 and F34.1) or generalized anxi-
ety disorder (International Classification of Diseases, Tenth Revision
code F41.1) wereincluded (45,065, 54% of patients referredtoNHS TT
services orinternet-delivered CBT). Clinical diagnosis was determined
by aqualified clinician after a one-to-one assessment with the patient.

For simplicity, patients who attended only assessment sessions,
but no treatment sessions, or patients with along-term physical condi-
tionsuch asdiabetes or chronic pain, were also excluded from the final
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model. However, we acknowledge that the overlap between long-term
physical conditions and mental healthis substantial and likely to incur
greater resource use from declining mental health>*°. Additional results
for this group of patients are presented in Supplementary Table 7.

The final model was populated with real-world data from 27,540
patients receiving standard treatment through NHS TT services
(16,790, mean age 35.7, 65.7% female) or internet-delivered CBT (10,750,
mean age 32.6, 73.6% female) (Extended Data Fig. 1). As ieso operates
withinthe NHSTT program, thereisasmall proportion of DHC patients
who received internet-delivered CBT provided by ieso (687 0f 16,790,
4.1%). Removing the small proportion of patients who received inter-
net-delivered CBT from the DHC dataset did not meaningfully affect
theresults of the final model. To make the results representative of the
complete service offering provided by DHC, we therefore opted not to
exclude these patients from the dataset.

Totest therobustness of the finalmodel, we used propensity score
matching to create an adjusted model in which covariate distribu-
tions were balanced between treatment groups to reduce the risk of
selection bias. A logistic regression model was fitted to estimate the
propensity score for each patient, with age and symptom severity at
thestartof treatment as covariates®. Patients receiving standard treat-
ment through NHS TT services were matched with patients receiving
internet-delivered CBT, using a nearest neighbor algorithm and a 1:1
ratio. An additional adjusted model used inverse probability weight-
ing to adjust for potential confounding variables. We calculated the
probability of agiven patient belonging to the standard NHS TT versus
internet-delivered CBT, based on their age and symptom severity at
the start of treatment*. A weight was assigned to each patient based
on the inverse of this probability, with model inputs calculated from
this weighted sample. The matching analyses were performed in R
v4.2.0 (ref. 48).

Modelinputs

Data used to populate the models included waiting time, treatment
time, clinical diagnosis, symptom severity before and after treatment
measured using the Patient Health Questionnaire-9 (PHQ-9) (ref. 49)
or the Generalized Anxiety Disorder Assessment (GAD-7) (ref. 50),
number of treatment sessions and recurrence rates (calculated from
patients discharged from NHS TT services between October 2015 and
September 2020). Inputsrelating tointernet-delivered CBT were taken
from data provided by ieso, and inputs relating to NHS TT services in
general were taken from data provided by DHC. A pragmatic search of
the literature was used to supplement the model with relevant costs,
clinical data and utilities.

Clinical effectiveness data
A summary of clinical effectiveness data used as input for the model
can be found in Extended Data Fig. 4. Transition probabilities from
pretreatment to posttreatment were calculated from DHC and ieso
datafor eachseverity level of anxiety and depression (measured using
the GAD-7 and PHQ-9 questionnaires, respectively), for patients who
engaged with treatment (Supplementary Tables 8 and 9). Following
NHS TT guidelines, patients who complete aminimum of two treatment
sessions are considered engaged, as this is the minimum number of
sessions a patient must attend such that pre- and posttreatment data
areavailable and clinical change can be evaluated®. Until a person had
completed treatment, they were assumed to stay within their starting
severity health state. Those who did not engage with treatment were
assumed to naturally deteriorate or improve relative to their starting
severity; hence, they were able to transition immediately to better or
worse health states. The proportion of patients who did not engage
with treatment, mean waiting times and mean treatment times were
calculated for NHS TT services in general and internet-delivered CBT.
Clinical effectiveness data calculated from DHC and ieso datasets
were supplemented with additional datafromtheliterature, including

rates of symptom deterioration in each cycle and natural recovery
rates, that is, the likelihood that the condition is alleviated without
treatment*>*, Values extracted from the literature are assumed to
applyequallytoNHS TT services ingeneral and internet-delivered CBT.
Where separate values for anxiety and depression are not available
from the literature (for example, symptom deterioration rates), they
are assumed to apply equally to both conditions.

Cost and health-related quality-of-life data

A summary of cost and utilities data used as input for the model can
be found in Extended Data Fig. 5. All costs used in the analysis were
in UK pounds sterling (2019-20 value). Actual treatment costs for
internet-delivered CBT were provided by ieso. All other cost datawere
sourced from the literature’*>** and inflated to 2019-20 value using
the Personal Social Services Research Unitinflationindices*. Average
treatment costs per patient for internet-delivered CBT and general
NHS TT services included the costs for each session, as well as the
number of sessions by severity band (that is, mild, moderate, severe)
and treatment pathway (that is, step 2, step 3). Total treatment costs
were calculated by multiplying the average treatment session cost by
the average number of sessions, weighted by the proportion of patients
receiving low-intensity (step 2) versus high-intensity interventions
(step 3). Full details on treatment costs, number of treatment sessions,
and proportion of patients by severity band and treatment pathway can
befoundinSupplementary Table 10. Background costs comprise medi-
cal costs associated with the mental health condition outside of mental
health treatment costs (for example, patients with a mental health
condition are morelikely to attend general practitioner appointments).
Background costs used in the final models were based on a previous
analysis conducted on behalf of NICE, using costs estimated from the
Proudfoot Study’. Background costs were assumed to be the same for
internet-delivered CBT and NHS TT services in general.

Utilities for each health state were based on a systematic review
and qualitative assessment of health-related quality of life for NHS
TT patients with mental health conditions, with additional details
provided through communication with the author***. Following a
systematicreview of the psychometric performance of different qual-
ity-of-life instruments in 3,512 patients with common mental health
problems, a study used the short-form six-dimension health index
(SF-6D) to estimate depression and anxiety utility scores®, which
we use in the current study. Utility values vary between 0 and 1, with
1representing a year spent in full health and lower values associated
with greater decreases in health-related quality of life. The utilities in
the model were not adjusted for aging given the short time horizon of
the model and the heterogeneity in average age of those undergoing
mental health treatment.

Model structures

Two healtheconomic models were developed to assess the cost-effec-
tiveness of using internet-delivered CBT versus NHS TT services in
general, for generalized anxiety disorder and depression. The mod-
els were developed in Microsoft Excel 365 for Enterprise (Microsoft
Corporation). Before implementing the model, we conducted model
scoping to identify published anxiety and depression model struc-
tures. These were used to define and validate the model structure used
in this study®** %, although we note that we did not submit a formal
health economic analysis plan. Models were structured as health-
state-transition (Markov) models capturing different severity levels
of depression or anxiety. Specific costs and utilities were assigned to
each healthstate, and patientsincurred costs and accrued benefits for
the period of time in which they remained in each health state in the
model. Monthly cycles were used in the models to capture the move-
ment between health states, with costs and benefits modeled over a
2 year time horizon for both models (Extended Data Fig. 6). Longer
time horizons are usually applicable to chronic conditions associated
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withongoing clinical management rather than time-limited treatment
episodes, whereas shorter time horizons are applicable to acute condi-
tions. Whereas mental health conditions are often acute, with patients
becoming symptom free following a course of treatment, chronicity
in the form of symptom recurrence several months or years follow-
ing treatment is not unusual. Although most economic evaluations
for internet-based interventions for mental health use shorter time
horizons', in this study, we selected a 2-year time horizon to model
the evolution of anxiety or depression in the short-to-medium term,
capturing the balance between the acute versus chronic (recurrent)
nature of mental health conditions. As the benefit of internet-delivered
CBT accrues over time, a longer time horizon would likely lead to a
greater net monetary benefit of internet-delivered CBT relative to
standard NHS TT treatment.

Severity levels in the model were defined using GAD-7 for anx-
iety and PHQ-9 for depression***°. We capture health states using
recognized severity bands of minimal (GAD-7 <4, PHQ-9 <5), mild
(5<GAD-7<9,5<PHQ-9 <9), moderate (10 < GAD-7 < 14,10 < PHQ-
9 <14), and severe (15 < GAD-7 <21, 20 < PHQ-9 < 27) (ref. 50). For
depression, we additionally included a moderate-severe band
(15<PHQ-9 <19) (ref. 49).

Upon referral, patients entered the model in the ‘pretreatment’
state at their starting severity. They remained in that state until treat-
ment was complete, which includes the waiting time for treatment
to begin, as well as treatment time itself. This is because data were
not consistently available at the end of the waiting time, which would
have allowed us to model the health state immediately before the
start of treatment. During this time (waiting plus treatment time),
patientsincurred background medical costs (thatis, using other medi-
calresources outside of their mental health treatment, such as general
practitioner visits), as well as the QALYs associated with their ‘pretreat-
ment’ health state. This is a simplifying but conservative assumption
made to avoid unnecessary complexity in the model—in reality, the
majority of patients will see animprovement during treatment, whereas
a smaller proportion will experience a deterioration in symptoms
before or during treatment. An alternative way to address this would
be to assume a constant rate of change from the baseline health state
to the health states at the end of the treatment. However, this would
add further assumptions to the models, wheninreality the true move-
ments over this time period are unknown.

Following treatment, patients transition to ‘posttreatment’
states based on their severity at the end of treatment. The treatment
costs were applied at the end of treatment. For the rest of the time
horizon (that is, up to 2 years from ‘pretreatment’), patients could
transition to higher-severity health states based on deterioration
rates or back to the ‘minimal” health state, based on natural recov-
ery rates. Half-cycle correction was applied in the model to account
for the fact that, on average, changes to peoples’ health state occur
at the midpoint of each cycle, rather than at the start or end of each
discrete cycle.

The model also captured the cost of any additional treatment
undertaken within 2 years of initiation of the original treatment. The
proportion of patients receiving recurrent treatment for any mental
health condition was calculated from patients discharged from DHC
NHS TT services between October 2015 and September 2020. A cost
was applied for delivering these treatments (at the same level as for the
original treatment), but for simplicity, patient benefits (QALYs) and
additional background costs accrued during the time period between
the original treatment and recurrent treatments were not included.
Health outcomes for the recurrent treatment were also not captured,
because of the complexities of modeling treatment sequences. These
simplifying assumptions were made on the basis that probability of
recurrenceis relatively low (Extended Data Fig.4) and changes to how
recurring episodes are modeled are unlikely to meaningfully affect
model results.

Theanalyses were conducted in line with the NICE reference case,
modeling costs from a UK NHS and personal social services perspec-
tive?. Future costs and benefits (QALYs) were discounted at a rate of
3.5% per year*. A cost-effectiveness threshold of £20,000 per QALY
was used to assess the cost-effectiveness of internet-delivered CBT,
which is recommended by NICE as the maximum amount to be paid
for an additional unit of health benefit provided by an intervention®.
The Consolidated Health Economic Evaluation Reporting Standards
(CHEERS)®° were used as guidance and to inform the preparation and
writing of this report (Supplementary Information).

Economic and sensitivity analysis

The cost-effectiveness models generated total costs and QALYs per
patient for both NHS TT services in general and internet-delivered
CBT. Ahead-to-head comparison was conducted comparinginternet-
delivered CBT with NHS TT services generating an ICER, that s, aratio
showing the extra cost per extraunit of health benefit (QALY) forinter-
net-delivered CBT, relative to NHS TT services.

To quantify the level of confidence of the model results in rela-
tion to uncertainty in the model inputs, a probabilistic sensitivity
analysis was conducted”. A series of ICERs were calculated, with 1,000
Monte Carlo simulations performed for each anxiety and depression
severity band (we confirmed that convergence was reached using
this number of simulations). To estimate input parameter variation,
model parameters including proportion of patients who engaged,
symptom deterioration and natural cure probabilities, probabilities
of recurrence, and utility values were input into a beta distribution.
Variation in completed number of sessions, cost per session of NHS
TT services, background costs, recurrence treatment costs, waiting
time, and treatment time was estimated using gamma distributions.
The cost per session for treatment with internet-provided CBT was
set to be fixed as this was costed directly from the study and no vari-
ation was expected. Dirichlet distributions were used to estimate the
variance in treatment effectiveness and proportion of patients per
step, using a conditional beta approach. Any parameters that were
sourced from study-reported datawere varied by the standard errors
and alpha and beta values reported in the study®. For a small number
of parameters including natural cure rate, treatment costs for stand-
ard NHS TT treatment, background costs and utility values, it was not
possible to estimate standard error due to the absence of data on the
variability around the sampling distribution of mean values. In these
cases, following common practice in economic evaluations®2%, the
standard error was assumed to be equal to 15% of the mean. A series of
ICERs resulting from the probabilistic sensitivity analysis were plotted
ina cost-effectiveness plane, with the probability of internet-delivered
CBT being cost-effective relative to NHS TT standard care also plotted
as a cost-effectiveness acceptability curve. The cost-effectiveness
threshold was set at £20,000 per QALY?.

DSA was conducted by varying one input at a time while holding
otherinputs constant and recording the impact on the model results,
to determine the key drivers of the results. Allinputs were varied higher
and lower by an assumed 20% of the mean in the DSA. This was done
to investigate which inputs had an impact on the model results when
variedindividually. For time from referral to treatment, the value used
inthemodel and the DSAis rounded to the nearest integer to apply the
transitions at the end of a cycle. This may result in values that are the
same as those of the base case. The results of the DSA are presented
using net monetary benefit, which is calculated by multiplying the
incremental QALYs by the cost-effectiveness threshold, minus the
incremental cost. A positive net monetary benefit indicates that an
interventionis estimated to be cost-effective at the chosen threshold.

Finally, scenario analyses were conducted to test the impact of
varying key parameters such as waiting times and treatment effective-
ness, tounderstand how these influence the results of the model across
the various severity bands.
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Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Owing to the potential risk of patient identification, and following
data privacy policies atieso and DHC, individual-level data are not
available. However, the aggregated data that were used to populate the
model canbeusedtoreplicate the study’s findings and are providedin
Supplementary Information. A further breakdown of the aggregated
data is available upon request, subject to a data-sharing agreement
withiesoand DHC. Datarequests should be sent to the corresponding
author and will be responded to within 30 days.
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Internet-delivered CBT NHSTT p-value
(N=10,750) (N=16,790)
Pre-treatment PHQ-9; mean {SD) | 13.4 {5.8) 15.4 (5.3) 0.5e-23 ***
Pre-treatment GAD-7; mean {SD) | 12.4 {5.1) 13.4 {4.6) 1.8e-59 ***
| Age; mean (SD) 32.6 {11.0) 35.7 (13.7) 3.3e-26 ***
Sex <2 2e-16 ***
Female 73.6% 65.7%
Male 26.0% 34.1%
Not known 0.4% 0.1%
Diagnaosis <2.2e-16 ***
Depression 61.2% 72.2%
Anxiety 38.8% 27.8%
Ethnic group 0.0005 ***
White 87.8% 93.4%
Asian 4.4% 1.9%
Black 17% 1.0%
Mixed 27% 2.0%
Other 11% 0.9%
Not known 2.3% 0.8%
Extended Data Fig. 1| Patient demographics. Comparison of demographic disorder assessment (anxiety); Statistical comparison was done using one-sided
characteristics and pre-treatment scores between patients receiving Internet- linear model ANOVA for continuous variables, and two-sided Fisher’s exact
delivered CBT and NHS TT standard care. SD - standard deviation; PHQ-9 - test for categorical variables (that is, sex, diagnosis, ethnic group). Statistical
Patient health questionnaire (depression); GAD-7 - Generalized anxiety significance: **p <0.001.
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Extended Data Fig. 2| Simulated results of the cost-effectiveness plane. Cost-effectiveness plane for depression (a) and anxiety (b). Each point represents a
simulated incremental cost-effectiveness ratio (ICER) value, across different severity bands. The dashed line represents the linear cost-effectiveness threshold of

£20,000 per quality-adjusted life year (QALY).
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Extended Data Fig. 3| Cost-effectiveness acceptability curves across all severity bands, for depression and anxiety. Cost-effectiveness acceptability curves for
depression (a) and anxiety (b). QALY - quality adjusted life year.
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Internet-
delivered CBT NHSTT Source/comment
Depression
Proportion who did not engage by starting severity
Mild 9.6% 11.6%
Moderate 10.2% 11.6% .
Moderate/severe 10.4% 12.0% BRE ane Ieseasts;
Severe 12.7% 12.3%
Monthly symptom deterioration rates by starting severity
Mild 1.9% “3 Assumed the same for anxiety and
Moderate 2 4% depression, and for internet-
Moderately severe 25% delivered CBT and NHS TT services
Severe 35% in general.
Monthly natural recovery rate by starting severity
Mild 3.7% “°Assumed the same for internet-
Noderate 1% dell\{ereq CBT andI NHS TT
Moderately severe 2.2% el ESEsh Yl
Severe 1.3%
Waiting time (from referral to start of treatment) 0.8 months 0.7 months
- DHC and ieso data.
Treatment time (from start to end of treatment) 2.3 months 4.8 months
Monthly probability of recurrence and needing treatment, by starting severity — Within 1year
Mild 0.7%
Moderate 0.7% DHC data. Assumed to be the same
Moderately severe 0.8% for ieso.
Severe 0.8%
Monthly probability of recurrence and needing treatment, by starting severity — Within 1to 2 years
Mild 0.3%
Moderate 0.3% DHC data. Assumed to be the same
Moderately severe 0.4% for ieso.
Severe 0.4%
Anxiety
Proportion who did not engage by starting severity
Mild 79% 12.0%
Moderate 7.8% 10.4% DHC and ieso data.
Severe 8.1% 1.2%
Menthly symptom deterioration rates, by starting severity
Mild 1.9% 43 Assumed the same for anxiety and
Moderate 2.4% depression, and for internet-enabled
Sovere 35% CBT and NHS TT services in general.
52
Meonthly natural recovery rate 0.6% ASS.U.med thesametoral
severities.
Waiting time (from referral to start of treatment) 0.7 months 0.6 months | i~ ieso data
Treatment time {from start to end of treatment) 3.3 months 4.9 months ’
Monthly probability of recurrence and needing treatment, by starting severity — Within 1year
Mild 0.6%
I\A:)derate 0 27 DHC data. Assumed to be the same
Severe 0.8% fat lesa.
Monthly probability of recurrence and needing treatment, by starting severity — Within 1to 2 years
Mild 0.3%
Ml)derate 0.3% DHC data. Assumed to be the same
~2 for ieso.
Severe 0.4%

Extended Data Fig. 4| Clinical inputs used in the models.
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Internet-

delivered CBT NHS TT | Source/comment
Depression
Average treatment cost per patient, by starting severity
Mild £459 £672 ieso data, 3253 A further detailed breakdown of
Moderate £499 £658 this can be found in Supplementary Materials
Moderate/severe £512 £698 S10.
Severe £500 £778

Treatment costs for non-engaged patients, by starting severity

Mild £42 £23
Moderate £43 £22
Moderate/severe £43 £22
Severe £44 £22

ieso data, 3253 A further detailed breakdown of
this can be found in Supplementary Materials
S10.

Monthly background costs, by starting severity

Minimal £19.76 732 Analysis of the economic data provided from
Mild 4453 the Proudfoot study, inflated using PSSRU
Moderate 4824 inflation indices. Assumed to be the same for
Moderate/severe £6135 and for internet-delivered CBT and NHS TT
Severe £74.46 services in general.

Utilities, by starting severity
Minimal 075 5 Final values are from personal communication
Mild 072 with the author. Assumed to be the same for
Moderate 0.65 and for internet-delivered CBT and NHS TT
Moderately severe 0.61 services in general.
Severe 0.56

Anxiety

Average treatment cost per patient, by starting severity
Mild £467 £520 ieso data, 3253 A further detailed breakdown of
Moderate £502 £604 this can be found in Supplementary Materials
Severe £541 £699 $10.

Treatment costs for non-engaged patients, by starting severity

Mild £44 £30
Moderate £45 £29
Severe £45 £29

ieso data, 3253, A further detailed breakdown of
this can be found in Supplementary Materials
S10.

Monthly background costs, by starting severity

Minimal £32.08 732_Analysis of the economic data provided from

Mild £31.64 the Proudfoot study, inflated using PSSRU

Moderate 3487 inflation indices. Assumed to be the same for
and for internet-delivered CBT and NHS TT

Severe £47.29 services in general.

Utilities, by starting severity

Minimal 075 54 Final values are from personal communication

Mild 069 with the author. Assumed to be the same for

Moderate 0.63 and for internet-delivered CBT and NHS TT

Severe 0.56 services in general.

Extended Data Fig. 5| Costs and utilities used in the models. Utility values vary between 0 and 1, with 1 representing a year spent in full health, and lower values

associated with greater decreases in health-related quality of life.
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Extended Data Fig. 6 | Model structures for patients with anxiety (a) and
depression (b). Individuals enter the modelina pre-treatment severity state,
where they remain until treatment is completed, at which point they transition
into a post-treatment state, based on symptom severity at the end of treatment;

B Anxiety

Pre-treatment Immediately Rest of time horizon

+

after tr it
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or Severe
Moderate

0000

B
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for the rest of the time horizon (that is from end of treatment up to 2-years from
‘pre-treatment’) patients can transition between severity states based on natural
recovery and deterioration rates.
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CBT data were provided by ieso, for patients across England who received outpatient CBT for the treatment of a mental health
condition, delivered over the internet using a commercial package provided by ieso (https://www.iesohealth.com/).

Given that most of the literature covering health economics of mental healthcare focuses on depression and anxiety, only patients
with a primary diagnosis of depression (ICD-10 codes F32, F33 and F34.1) or generalised anxiety disorder (ICD-10 code F41.1) were
included (45,065, 54% of patients referred to IAPT services or internet-delivered CBT). For simplicity, patients who attended only
assessment sessions, but no treatment sessions, or patients with a long-term physical condition such as diabetes or chronic pain,
were also excluded from the final model. The final model was populated with real-world data from 27,540 patients receiving
standard treatment through IAPT services (16,790, mean age 35.7, 65.7% female), or internet-delivered CBT (10,750, mean age 32.6,
73.6% female).

Sampling strategy In order to make the results representative of the complete service offering provided by standard NHS TT services, all available data
from DHC and ieso was used as a starting point (83,110 patients discharged between January 2018 and December 2020). Given that
most of the literature covering health economics of mental healthcare focuses on depression and anxiety, selective sampling was
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used to retain only patients with a primary diagnosis of depression or generalised anxiety disorder. For simplicity, selective sampling
was also used to exclude patients who attended only assessment sessions, but no treatment sessions, and patients with a long-term
physical condition such as diabetes or chronic pain. The final model was populated with data from 27,540 patients receiving standard
treatment either through NHS TT services (16,790, mean age 35.7, 65.7% female), or internet-delivered CBT (10,750, mean age 32.6,
73.6% female).

Data collection This study uses routinely collected clinical outcomes data from patients receiving either standard treatment through NHS TT services
or internet-delivered CBT. Data is collected as part of standard care, with no researcher present at the point of collection. Due to the
nature of the dataset and the models, it was not possible to blind the researchers conducting the data analyses to treatment group
(i.e. standard NHS TT treatment vs internet-delivered CBT).

Timing Data was obtained from patients discharged from treatment between January 2018 and December 2020.

Data exclusions Patients who attended only assessment sessions, but no treatment sessions, or patients with a long-term physical condition such as
diabetes or chronic pain, were excluded from the final model (N = 17,525). Data from patients with long-term physical conditions is
presented in supplementary materials.
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Non-participation Not applicable as patients were not directly recruited for this study. De-identified real-world data was obtained from records of
patients receiving mental health treatment through standard services or internet-delivered CBT.

Randomization This study presents a retrospective analysis of real-world patient data to conduct an economic evaluation of mental healthcare

systems. Randomization is not applicable. We used propensity score matching and inverse probability weighting to create adjusted
models model where covariate distributions were balanced between treatment groups to reduce the risk of selection bias.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies XI|[] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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