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Abstract 

Background: Depression during the postnatal year is prevalent in mothers (17%) and fathers (9%), and suicide is the 
leading cause of maternal death in this period. Lifelong costs and consequences of untreated postnatal depression 
(PND) are high due to impacts on infants as well as parents. We aimed to improve access to PND treatment using 
digital screening. We developed a smartphone app (ClinTouch DAWN‑P) that allows parents to monitor their mood 
daily with the Edinburgh Postnatal Depression Scale (EPDS), uploading responses in real‑time to a secure server. We 
evaluated the app’s feasibility, acceptability, validity and safety in a proof‑of‑concept study.

Methods: Pregnant women (≥ 36 weeks gestation) and partners were recruited from antenatal services and invited 
to complete daily EPDS assessments via the ClinTouch DAWN‑P app until 6 weeks postpartum. Participants completed 
standard paper‑based EPDS at two time points for validity comparisons. We examined app acceptability and usability 
at 6 weeks postpartum with qualitative interviews, examined using framework analysis, and the abridged Mobile App 
Rating Scale (convergent mixed methods design).

Results: Most (96%) eligible pregnant women approached were keen to try the app. Participating mothers (n = 15) 
and partners/fathers (n = 8) found the app easy to use, and 91% continued to use it for the full study period. Over‑
all, 67% of daily app‑based assessments were completed, with a history of depression predicting lower app usage. 
Participants suggested modifications to the app and its deployment to improve usability (e.g., extending the response 
window and including feedback and parenting advice). The validity of app‑based responses was confirmed by high 
agreement with standard EPDS. App‑based and paper‑based ratings showed perfect agreement in identifying cases 
of likely PND. There were no serious adverse events relating to app use.

Conclusions: Digital PND screening appears feasible, acceptable, valid and safe. It also benefits from being remotely 
delivered: we enrolled all participants remotely during the first COVID‑19 lockdown. Use of digital screening could 
address known shortcomings of conventional health visitor‑delivered screening such as limited staff time, parental 
unwillingness to disclose difficulties to a professional, lack of partner/father screening, and language barriers.

Trial registration: The study was prospectively registered (Clinicaltrials.gov: NCT04 279093).

Keywords: Postnatal depression, Digital mental health, mHealth, Smartphone, Maternal mental health, Screening, 
Mixed methods, Framework analysis
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Background
Meta-analyses indicate that 17% mothers [1, 2] and 9% 
fathers [3] experience major depression within the post-
natal year. Suicide is the leading cause of maternal death 
in this period [4]. Although diagnostically identical to 
depression at other times [5], the consequences [6] and 
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costs [7] of postnatal depression are substantially greater 
due to adverse effects on infants as well as parents [4, 
8–10].

A child’s first two years present a unique window of 
opportunity to build strong foundations for good future 
physical and mental health [10]. Parental postnatal 
depression hugely impacts children’s experiences during 
those critical days [6]. Children of parents with postna-
tal depression demonstrate poorer cognitive, emotional 
and behavioural development, and greater morbidity and 
mortality [6, 11]. Postnatal depression negatively impacts 
parent-infant bonding, parental quality of life, health and 
social functioning [6, 11]. The lifelong consequences of 
untreated postnatal depression for children and parents 
cost UK health and social care approximately £1.2 billion 
per one-year birth cohort [7].

Increasing access to high-quality perinatal mental 
healthcare is recognised as a key strategic priority for the 
UK National Health Service (NHS Long Term Plan) [12]. 
However, in order to offer treatment, services must first 
identify which parents need it. The Edinburgh Postnatal 
Depression Scale (EPDS) is a 10-item screening measure 
which detects postnatal depression with 81% sensitivity 
and 88% specificity [13]. Current UK guidelines recom-
mend that health professionals consider using two brief 
screening questions at each postnatal contact and then, if 
symptoms are detected, use the EPDS. However, national 
reports [7–9] and our local audit data (unpublished) sug-
gest more than half of cases of postnatal depression cur-
rently go undetected and untreated.

A practical, cost-effective solution is needed to increase 
screening effectiveness, identify postnatal depression in a 
timely manner and facilitate access to appropriate help. 
This solution should address known barriers, including:

• Limited staff time for screening, and heterogeneous 
timing/frequency of pre- and postnatal contacts [14].

• Parental unwillingness to disclose mental health dif-
ficulties to health professionals [15].

• Language barriers (e.g. 20% of Manchester adults 
have a non-English main language) [16, 17].

• Lack of partner/father screening [18]. This is now 
recommended practice in the NHS Long Term Plan 
[12] and good practice guidelines [19].

Most (94%) people of childbearing age own a smart-
phone [20, 21], presenting a clear opportunity for a 
digital screening solution. We developed the ClinTouch 
DAWN-P smartphone app, which prompts parents 
each day to answer the ten EPDS questions. Responses 
are then uploaded in real time to a secure server where 
they are accessible to clinicians via a password-protected 
web interface. Unlike the traditional paper-based EPDS, 

which asks parents how they have felt over the past week, 
the ClinTouch DAWN-P app asks parents daily how they 
have felt over the past 24  h, minimising retrospective 
recall bias. To our knowledge, this is the first study to test 
a daily version of the EPDS.

We anticipate that, compared to traditional face-to-
face health visitor screening, a smartphone app can 
make screening more efficient, effective and inclusive, 
whilst retaining high concurrent validity with traditional 
screening measures. Specifically:

• More efficient: less resource intensive than staff-
delivered screening, saving staff time.

• More effective: more parents are screened, with more 
regular and frequent assessments.

• More inclusive: an app can be made available in mul-
tiple languages and scaled up at relatively low cost, 
allowing partners/fathers to also be screened. Apps 
are widely used for everyday purposes, making them 
a low stigma way of assessing mental health [22].

• High concurrent validity: high agreement between 
daily app-assessed EPDS and traditional weekly 
paper-based EPDS responses.

Existing reviews [23–25] and our own systematic 
search of published studies and clinical trial registries 
found no studies examining the feasibility and accept-
ability of repeated-measures smartphone-based postnatal 
depression screening. For the antenatal period, we found 
two published studies testing one-off, in-clinic depres-
sion screening via tablet computer[26, 27] and four stud-
ies examining daily [28, 29], weekly [29], monthly [30] 
or tri-monthly [31] smartphone-based antenatal depres-
sion screening [30, 31] or monitoring [28, 29]. We found 
protocols for studies testing fortnightly email-based [32] 
or SMS-based [33] mental health and/or substance use 
screening, but none testing a smartphone app postna-
tally. We found no studies testing digital screening/moni-
toring of fathers’/partners’ mental health.

The current mixed-methods proof-of-concept study 
aimed to examine:

i) The feasibility and safety of using the ClinTouch 
DAWN-P system to screen for parental depression 
from late pregnancy (≥ 36 weeks) until 6 weeks post-
natally;

ii) App usage patterns, usability and acceptability;
iii) The preliminary validity of daily app-based EPDS 

assessments, compared to gold standard weekly 
paper-based reports.

We plan to report additional qualitative data in a 
follow-up paper exploring participants’ first-person 
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experiences of using an app for postnatal depression 
screening.

Methods
Design
This study had three phases. First, cross-sectional 
assessments checked eligibility and characterized 
the sample. Second, participants used the ClinTouch 
DAWN-P app from ≥ 36 weeks gestation until 6 weeks 
postpartum. Third, at 6  weeks postpartum, app/study 
experiences and acceptability were explored using 
mixed qualitative and quantitative methods. A con-
vergent mixed methods design was appropriate as it 
enabled us to quantify acceptability across the sample 
(using a questionnaire) and to explore how to improve 
the app and study design for future iterations (in quali-
tative interviews). Quantitative and qualitative find-
ings were integrated narratively using a contiguous 
approach [34].

Ethical approval was obtained from Greater Man-
chester East Research Ethics Committee (19/NW/0763) 
and the study was registered (Clinicaltrials.gov: 
NCT04279093).

Participants
Inclusion criteria for pregnant women were: ≥ 36 weeks’ 
gestation, aged over 18 years, fluent in English, under the 
care of Manchester University NHS Foundation Trust, 
informed consent. Exclusion criteria were: current still-
birth, fetal abnormality, or multiple pregnancy. Where 
present, partners of participating pregnant women were 
invited to participate. Partner inclusion criteria were: 
male/female partner of a pregnant participant, aged over 
18 years, fluent in English, informed consent.

Pregnant women were recruited from non-emergency 
antenatal services at St Mary’s Hospital, and via social 
media adverts. St Mary’s is a large maternity hospital 
operating across Greater Manchester, an area with high 
levels of ethnic and cultural diversity (30% identify as a 
non-White ethnicity [16]) and deprivation (43% of Man-
chester neighbourhoods are highly deprived [35]).

Senior clinicians (CT, RA) identified potential partici-
pants and obtained consent to pass individuals’ contact 
details to a researcher who completed the informed con-
sent process via phone. Individuals responding to social 
media adverts contacted the researcher directly. Partners 
were recruited via pregnant participants. Clinicians and 
researchers clarified that participation was voluntary. To 
inform feasibility outcomes, eligible pregnant women 
or partners who chose not to participate were invited to 
briefly state their reasons.

ClinTouch DAWN‑P digital screening
Digital screening
Android and iOS versions of the ClinTouch DAWN-P 
smartphone app were available via the app stores dur-
ing the study. The app alerts the user once per day, 
using a beep and visual notification, to answer the ten 
Edinburgh Postnatal Depression Scale (EPDS) items. 
Each item is displayed in turn along with four possible 
responses, chosen via radio buttons (supplementary 
Fig. 1). Items and response options reproduce the ques-
tions and sequence of the original EPDS.

App alerts are timed pseudo-randomly once per day 
between 9am and 7  pm. The user has a 2-h response 
window in which to complete the EPDS. They can press 
a ‘snooze’ button to receive a reminder 30 min after the 
initial alert. Participants rate the items for presence 
and severity since the previous daily alert. Participants’ 
responses are wirelessly uploaded in real time to a 
secure server. The research team can view responses via 
a password-protected web interface. The app did not 
meet requirements for registration as a medical device 
by the Medicines and Healthcare products Regulatory 
Agency (MHRA).

Edinburgh Postnatal Depression Scale
The EPDS is a ten item screening measure, usually 
used in person by health visitors. The English version 
has been extensively validated in perinatal women (IPD 
meta-synthesis: sensitivity 81%, specificity 88% [13]) 
and validated versions exist in numerous other lan-
guages including Urdu [36], Punjabi [36], Arabic [37], 
Cantonese [38], Persian/Farsi [39], Bangla [40] and 
Romanian [41]. Seven published studies examining the 
scale’s validity in partners/fathers report heterogeneous 
findings [18]. Original and translated EPDS versions 
ask parents to recall their mood over the past week. The 
current study is the first to test a daily version of the 
EPDS.

Procedure
Remote study procedures and participant payment
Participants were enrolled during the first wave of the 
COVID-19 pandemic, so all study procedures were con-
ducted remotely via a combination of telephone calls, 
SMS messages, email and post.

Participants received £60 in shopping vouchers for 
participating: £20 each for baseline and exit phone calls, 
and a further £20 on completing the app use phase. They 
also received £10 phone credit per month of the app use 
phase. Financial incentives were not contingent on a cer-
tain number of daily EPDS assessments being completed.
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Baseline assessment and app training
Following eligibility checks and informed consent, 
participants answered demographic questions (ver-
bally via phone) about: age, gender, ethnicity, employ-
ment status, whether English was their first language, 
and past psychiatric history. Further information was 
gathered from pregnant participants’ health records: 
BMI, past psychiatric history, answers to mental health 
screening questions at booking appointment, details 
of current childbirth (mode of delivery, live/still birth, 
any major obstetric complications), parity (total num-
ber of pregnancies reaching viable gestational age).

The researcher then provided verbal and written 
instructions about how to download, install, configure 
and use the DAWN-P app. Smartphones were available 
to borrow if necessary. Participants practiced answer-
ing app questions to check they felt confident doing so.

App use
Participants were asked to answer daily EPDS ques-
tions via the app from study entry (≥ 36 weeks’ gesta-
tion) until 6  weeks postpartum. As birth could occur 
at any point between study entry and 42 weeks’ gesta-
tion, the exact length of the app use phase varied from 
6–12 weeks’ duration.

To ensure participant safety, app-generated EPDS 
responses were checked daily by a researcher. Any 
response of “yes, quite often” or “sometimes” to the 
EPDS self-harm question (“The thought of harming 
myself has occurred to me”) was communicated to the 
participant’s GP within one working day. All partici-
pants were informed of this process during consent. 
Aside from self-harm disclosures (n = 1), no other 
information from app-reported EPDS was communi-
cated to GPs.

Participants received a brief phone call from the 
researcher after one week of app use, and fortnightly 
thereafter, to troubleshoot technical difficulties, 
address queries/concerns and monitor adverse events. 
Adverse events were recorded, then classified by a 
consultant obstetrician (CT) as related or unrelated to 
app use.

Participants completed a conventional paper EPDS 
after one week of app use and again at 6  weeks post-
partum (for validity comparisons with daily app-
reported EDPS). If paper EPDS total score was ≥ 12, the 
researcher sought the participant’s permission to com-
municate this to their GP. If they declined, informa-
tion was only communicated if there was risk of harm 
to self/others. In this proof-of-concept study, informa-
tion from app-reported EPDS was not sent to health 
professionals.

Exit interviews
In a final phone call at 6 weeks postpartum, app/study 
experiences and acceptability were explored using a 
quantitative assessment and qualitative interviews.

Quantitative assessment Participants completed a 
12-item version of Mobile App Rating Scale (MARS) 
[42, 43] prior to the interview. The MARS has high inter-
nal consistency (alpha = 0.90) and interrater reliability 
(ICC = 0.79).

Qualitative interviews All participants, including those 
who dropped out of the app use phase, were invited to 
participate in an individual semi-structured interview 
exploring a) their experiences of the app, b) their expe-
riences of the study, and c) their views on the accept-
ability of each. Interviews followed a detailed topic guide 
(available on request) including questions on: app accept-
ability, look and feel; item content, layout, wording and 
response format; length and frequency of assessments; 
worries about app use; how app use fitted with partici-
pants’ routines; and other experiences of using the app.

The topic guide allowed flexibility in terms of question 
order and wording, with probe questions used to prompt 
further elaboration. The topic guide was updated itera-
tively. Interviews were conducted by the first author, a 
female postdoctoral researcher with prior experience 
conducting and analysing qualitative interviews and with 
personal, lived experience of postnatal depression. The 
interviewer had prior phone/email contact with par-
ticipants throughout the study but never met them in 
person. Interviews were conducted via phone and were 
audio recorded and later transcribed verbatim.

Study outcomes and analysis
Overview
The study research questions, outcomes and analyses 
are summarised in Table 1. Additional details of statis-
tical and qualitative analyses are provided below.

Statistical analysis
Statistical analyses were conducted in Stata (version 
14.0) and considered statistically significant at p < 0.05. 
As the sample size in this proof-of-concept study was 
small, no adjustment was made to account for multi-
ple comparisons. The a priori “accept” criterion for app 
engagement was ≥ 33% daily EPDS completed, and the 
“target” criterion was 50% of participants completing 
50%.
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Qualitative analysis
The research team conducted a framework analysis of 
qualitative interviews using a combination of deduc-
tive and inductive coding [44]. This was appropriate as 
we aimed to investigate specific issues regarding app/
study acceptability (a priori themes. e.g., app look/feel), 
and also to explore unanticipated aspects of participants’ 
experiences (a posteriori themes). A priori themes are 
reported in the current paper. We plan to report a poste-
riori themes in a follow-up paper.

The seven stages of framework analysis [44] were fol-
lowed: transcription, familiarisation, coding, developing 
a working analytical framework, applying the analytical 
framework, charting data into the framework matrix, and 
interpreting the data. Contextual notes written by the 
researcher at the time of the interview and excerpts from 
the researcher’s reflective journal informed the analysis.

Mixed methods integration
As is common in a convergent mixed methods design 
[34], we integrated quantitative and qualitative findings 
narratively using a contiguous approach.

Results
Sample characteristics
Table  2 outlines the sample’s demographic and clinical 
characteristics.

Feasibility
Figure 1 shows participant flow through the study, with 
details of study recruitment and retention. Of the 24 
pregnant women approached by clinicians or identified 
via social media, 23 (96%) were enthusiastic about par-
ticipating and one declined without giving a reason. Eight 
of the 23 could not then be contacted by the researcher. 
Therefore, the final study sample consisted of 15 mothers 
(63% of those approached), of whom 8 had partners who 
were willing to participate (62% of eligible partners). Of 
the five partners who declined to participate, four gave 
no reason and one reported they rarely heard their phone 
due to working with noisy machinery. All participants 
completed exit interviews and only two participants (9%) 
dropped out of the app use phase.

Figure  2 shows percentage app completion across the 
sample during the app use period. On average, 67% of 
daily app-based EPDS assessments were completed. 
Therefore the study “accept” criterion was met (≥ 33% 
completed). Most participants (91%; 21/23) completed 
at least a third of daily app assessments and only slightly 
fewer (87%; 20/23) completed at least a half of daily app 
assessments. Therefore the study “target” criterion was 
met (50% of participants submitting 50% of data entries).

Patterns of app engagement
Associations between baseline sociodemographic/clinical 
characteristics and percentage app completion are shown 
in Table  2. Participant age was significantly correlated 
with percentage app completion, with older participants 
completing more daily assessments (albeit with only a 
moderate effect size). Participants with a self-reported 
history of depression completed a significantly lower per-
centage of app assessments (median 54% app completion, 
range 11%-81%) than those reporting no past depression 
(median 77.1%, range 31%-93%). Similarly, participants 
who had previously been prescribed psychiatric medi-
cation completed the app significantly less (median 58% 
app completion, range 11%-81%) than those who did not 
(median 78%, range 31–93%).

In terms of app engagement over time in the study, 
participants completed the daily EPDS gradually less as 
the study progressed (OR = 0.98 per day of follow-up; 
p < 0.001; supplementary Fig. 2).

Validity
Intra-class correlations between daily app-based and 
weekly paper-based EPDS total scores were high and sta-
tistically significant (Table 3), indicating excellent agree-
ment. Weighted kappa coefficients for individual EPDS 
item scores ranged from 0.5 and 1.0 (with two outliers of 
k = 0.25 and k = 0.00). Although all but the outliers were 
statistically significant, 95% confidence intervals were 
wide, likely due to the small sample size and low vari-
ability in individual item scores. Kappa coefficients for 
the final week’s EPDS item scores were all higher than 
those for the same item in the initial week. This may be 
because there was greater between-participant variability 
in mood at 6 weeks postpartum (final week) compared to 
during pregnancy (initial week).

App-based and paper-based EPDS showed perfect 
agreement in classifying participants as above or below 
threshold the commonly-used threshold for likely post-
natal depression (total EPDS score ≥ 12).

Safety
During the app use period, one Serious Adverse Event 
was recorded (hospitalisation for postpartum psycho-
sis), and 4 minor adverse events (1 A&E trip; 3 stayed 
in maternity hospital for several days (but < 7 days) post 
birth). None of these adverse events were judged to be 
related to app use.

Acceptability and usability
Mean score across items for the abridged MARS was 4.1 
(s.d. 0.5) out of a possible score of 5, indicating high over-
all acceptability/usability. One participant wrote:
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“This app help me understand my mental health. 
Force me to seek help. I researched a lot about my 
symptoms…and it’s not a shame to talk about it. I 
talked to my health visitor, family, GP and finally 
got medication, which really helped me. I am really 
grateful to this research and app it help me com-

ing out of sadness, anxiety, depression and negative 
thinking. Before that I was suffering day and night” 
[P28F, MARS free-text question]

Responses to individual items (Fig.  3) suggested that, 
although the app was easy to use (mean 4.7, sd 0.5), the 
current version was not very interesting to use (mean 

Table 2 baseline sociodemographic characteristics

a Usual employment when not on maternity leave or furloughed
b Sample too small for statistical comparison

Baseline variable Association between baseline variable and 
percentage app use

Frequency (percentage) unless 
otherwise stated

Test statistic type Test statistic value P value

Self-reported data (all participants, n = 23)
 Age (mean, sd) 33.8 (5.2) ρ 0.50 0.014

 Gender

  Female 15 (65.2) U 42 0.245

  Male 8 (34.8)

  Employmenta

  Full time work 13 (56.5) Χ2 7.50 0.058

  Part time work 7 (30.4)

  Home duties 2 (8.7)

  Unemployed 1 (4.4)

 Ethnicity

  Asian or Asian British 2 (8.7) Χ2 3.34 0.362

  Black or Black British 2 (8.7)

  Chinese 2 (8.7)

  Mixed race 1 (4.4)

  White British 16 (69.6)

 English language

  Native English speaker 19 (82.6) U 24 0.256

  English as a second language 4 (17.4)

 Owns a smartphone 23 (100.0) – – –

 Borrowed a study phone 6 (26.1) U 48 0.834

 Past depression 5 (21.7) U 18 0.044

 Past psychiatric medication 6 (26.1) U 22 0.042

 Past talking therapy 6 (26.1) U 49 0.889

Casenote data (for pregnant women with casenotes available, n = 13)b

 Body Mass Index (mean, sd) 27.1 (9.4)

 Major obstetric complications 2 (15.4)

 Mode of delivery

  Vaginal 6 (46.2)

  Caesarean section 7 (53.9)

 Parity

  One 2 (15.4)

  Two or more 8 (61.5)

  Missing data 3 (23.1)

 Booking appointment: any depression 3 (23.1)

 Booking appointment: any anxiety/worry 5 (38.5)

 Any psychiatric history 6 (46.2)
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3.3, sd 1.1. Qualitative interview data reflected this and 
included suggestions for making future versions more 
engaging. A priori themes relating to app acceptability 
and specifications are described below, with illustrative 
quotations in Supplementary Table 1.

Overall acceptability
Participants considered the core idea of using an app for 
postnatal depression screening useful and acceptable, 
although those without symptoms found it less useful, 
personally. Others were reassured by knowing they would 
be contacted if their app responses caused concern. Only 
one person reported finding any aspect of the app wor-
rying – having reported thoughts of self-harm that were 
passed on to the GP (per protocol), she felt worried about 
being a burden.

App look and feel
Participants enjoyed personalisation options: changing the 
colour theme and background picture. Most considered 

the app sufficiently visually appealing, although five said it 
could be made more modern and colourful.

Item content
Generally, participants found item content relevant, 
appropriate and acceptable. Three suggested expanding 
content to include questions about functioning and/or 
other perinatal mental health conditions (e.g. perina-
tal OCD/psychosis). Several suggested including a free 
text item allowing users to add details.

Item wording and response format
Overall, item wording and response format was acceptable. 
Most participants considered items easy to answer, although 
two commented that the wording was more suited to respond-
ing weekly (as per original EPDS) than daily. A minority of par-
ticipants expressed unease about specific EPDS item wording. 
E.g., three felt that items asking about feeling anxious “for no 
good reason” minimised their emotional experiences. Several 
suggested varying the order of questions or response options 
to reduce repetition. Others suggested varying question word-
ing or rotating through a larger question pool.

Fig. 1 Participant flow through the study
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Response window
Most participants (18/23) said the 2-h response win-
dow was not long enough and sometimes prevented 
them from answering. They would prefer a 4–5 h win-
dow or to be allowed to answer any time. Prominent 
reasons for missing the response window were being 
busy with child-related tasks, or sleeping while the 
baby slept. Participants had found it easier to answer 
within the 2-h response window before their baby’s 
birth. This emphasises the importance of designing 
digital tools to meet the needs of specific populations, 
in this case new parents.

Having missed the limited time window, participants 
felt frustrated and even guilty, underscoring the need 
for a longer response window: a short response win-
dow is potentially counterproductive (making users 
feel worse). Participants said they responded less on 
busy days. They pointed out that, on these busy days, 
they could probably benefit most from taking time to 
reflect on their feelings. Similarly, only allowing par-
ticipants to respond within a limited 2-h period may 
exaggerate underlying sampling biases (“non-ignorable 
non-response”) caused by users being less likely to 
respond on busy days.

Fig. 2 Level of app engagement per participant, averaged across the whole app use period

Table 3 Comparison of daily app‑reported EPDS (mean average 
of up to 7 days of data) with weekly paper EPDS for the initial 
week and the final week of the app use period

a Two way mixed effects model, absolute agreement; calculated for total EPDS 
score (continuous)
b Weighted Cohen’s kappa, calculated for EPDS individual items (ordinal)
c These extreme scores appear to be caused by the vary low variability in 
participant scores on this item (thoughts of self-harm); only one participant 
rated this item above zero on the app and/or the paper EPDS

Initial week (n = 23) Final week (n = 22)

ICCa/  kappab 95% CI ICCa/  kappab 95% CI

Total EPDS 0.91 0.81 – 0.96 0.97 0.93 – 0.99

EPDS1 0.77 0.41 – 1.00 1.00 1.00 – 1.00

EPDS2 0.66 0.34 – 0.98 0.87 0.59 – 1.00

EPDS3 0.58 0.28 – 0.88 0.70 0.36 – 1.00

EPDS4 0.58 0.27 – 0.89 0.79 0.53 – 1.00

EPDS5 0.82 0.60 – 1.00 0.82 0.62 – 1.00

EPDS6 0.50 0.25 – 0.75 0.87 0.69 – 1.00

EPDS7 0.54 0.18 – 0.90 0.25 ‑0.22 – 0.72

EPDS8 0.51 0.19 – 0.84 0.63 0.31 – 0.95

EPDS9 0.51 0.17 – 0.85 0.92 0.73 – 1.00

EPDS10 0.00c 0.00 – 0.00 1.00c 1.00 – 1.00
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Alerts and snooze
The app prompted participants at pseudo-random times 
each day (9am-7pm). Participants commended the deci-
sion to avoid notifications during early evening (typically 
a busy time for parents), although some would have pre-
ferred predictable prompts, ideally the same time each 
day. Eight commented on question frequency: five liked 
daily questions (aided recall and increased precision) and 
three found daily questions tedious. As a compromise, 
several suggested having daily questions initially, later 
reduced to weekly. Participants found the snooze fea-
ture useful but recommended changes its timing. A half 
an hour snooze was not long enough, and participants 
requested an extra reminder near the end of the response 
window.

Speed and ease of use
In line with quantitative findings (abridged MARS), all 
participants reported the questions were quick to com-
plete (30 s to 2 min). Virtually all participants described 
the app as very easy to use and self-explanatory.

Suggested changes to the app
Participants suggested changes to increase app engage-
ment. Several commented that the user is “not getting 
much back from the app” at present. They were keen 
for the app to summarise the user’s EPDS responses 
(e.g. graph or weekly report) and link them to informa-
tion (e.g. NHS website) and support (e.g. therapist or 
peer support) based on their responses. Some suggested 
that adding more general parenting content (e.g. feeding 
timer) would increase the app’s relevance and interest for 

parents. Finally, participants suggested ideas to increase 
the app’s general usability, such as fixing technical 
glitches, providing a welcome message and back button, 
and considering gamifying the app.

Discussion and conclusions
In a busy urban antenatal clinic, most (96%) eligi-
ble pregnant women approached were keen to try our 
newly developed postnatal depression screening app 
(ClinTouch DAWN-P). Use of the app from up to 4 weeks 
prenatally to 6  weeks postnatally in 15 mothers and 8 
partners showed it to be easy to use and free of adverse 
effects. Participants were able to suggest modifications to 
the app and its deployment which would improve usabil-
ity, such as extending the response window, adjusting 
question frequency over time, and including feedback 
and parenting advice. In all, 21 of the 23 participants con-
tinued to use the app for the full study period. A mean 
of 67% of daily app-based assessments were completed, 
with a history of depression predicting lower app usage. 
The validity of responses was confirmed by high agree-
ment between app responses and the standard EPDS, 
both for total scores and individual items. App-based and 
paper-based ratings showed perfect agreement in iden-
tifying cases of likely PND using a standard screening 
threshold.

In summary, we found this digital solution to be fea-
sible, safe, acceptable and valid. It also benefits from 
being remotely delivered: we enrolled all participants 
remotely during the first COVID-19 lockdown. Use 
of digital screening could address known shortcom-
ings of conventional health visitor-delivered screening 

Fig. 3 Average responses to abridged MARS items
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such as limited staff time, parental unwillingness to 
disclose difficulties to a professional, lack of partner/
father screening, and language barriers. For example, 
translated versions of the EPDS can be made available 
as a menu within the app, broadening access. Operat-
ing procedures can be adapted to individual services 
and clinical pathways: some services use other screen-
ing scales (e.g., PHQ-9) and the timing of primary 
care referral pathways can vary locally. Further work is 
needed to show how larger-scale adoption of the app 
translates into longer-term clinical outcomes and to 
quantify cost savings.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12884‑ 022‑ 04756‑2.

Additional file 1: Figure S1. Example Edinburgh Postnatal Depres‑
sion Scale item, as displayed by the ClinTouch DAWN‑P app. Figure S2. 
Patterns of app use over the study duration. Table S1. a priori themes 
describing app acceptability and usability.

Acknowledgements
We thank the study participants for taking part in the study, particularly during 
a potentially stressful and challenging time of their lives.

Authors’ contributions
All authors designed the study protocol, were involved in ongoing manage‑
ment and/or data analysis, and contributed to drafts of this report. As lead 
author, EE applied for ethical approval, collected and analysed study data and 
wrote the manuscript. CT and RA recruited study participants from clinical 
services and advised on clinical aspects of the study. CSP and PW oversaw 
software development and advised on technical aspects of the study. CT and 
SWL had overall senior managerial responsibility for study delivery. All authors 
provided critical revisions of the manuscript.

Funding
Funding was provided by the UK Medical Research Council and Health 
Innovation Manchester (Mental Health and Women and Children research 
domains). However, they did not play a role in the study design, data collec‑
tion, data analysis, data interpretation, writing of this particular report or in the 
decision to submit the article for publication.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from Greater Manchester East Research Ethics 
Committee (19/NW/0763) and the study was registered (Clinicaltrials.gov: 
NCT04279093). All participants gave informed consent to take part in the 
study. All methods were performed in accordance with relevant guidelines 
and regulations.

Consent for publication
All participants consented for quotations to be published in an anonymous form.

Competing interests
PW and SWL are directors of Affigo CIC, a not‑for‑profit community interest 
company designed to make digital health products available in the NHS and 
public sector.

Author details
1 Division of Psychology and Mental Health, University of Manchester, 
Manchester M13 9PL, UK. 2 Greater Manchester Mental Health NHS Founda‑
tion Trust, Manchester, UK. 3 Division of Informatics, Imaging & Data Sciences, 
University of Manchester, Manchester, UK. 4 St Helens and Knowsley Teaching 
Hospitals NHS Trust, Rainhill, UK. 5 Manchester University NHS Foundation 
Trust, Manchester, UK. 

Received: 31 October 2021   Accepted: 5 May 2022

References
 1. Shorey S, Yin C, Chee I, Debby E, Huak Y, Wai W, et al. Prevalence and inci‑

dence of postpartum depression among healthy mothers : A systematic 
review and meta‑analysis. J Psychiatr Res. 2018;104(July):235–48.

 2. Hahn‑Holbrook J, Cornwell‑Hinrichs T, Anaya I. Economic and Health 
Predictors of National Postpartum Depression Prevalence: A Systematic 
Review, Meta‑analysis, and Meta‑Regression of 291 Studies from 56 
Countries. Front Psychiatry. 2018;8(February):248.

 3. Rao W, Zhu X, Zong Q, Zhang Q, Hall BJ. Journal of A ff ective Disor‑
ders Prevalence of prenatal and postpartum depression in fathers : A 
comprehensive meta‑analysis of observational surveys. J Affect Disord. 
2020;263(June 2019):491–9.

 4. Draper ES, Gallimore ID, Kurinczuk JJ, Kenyon S. Maternal, Newborn and 
Infant Clinical Outcome Review Programme MBRRACE‑UK Perinatal 
Confidential Enquiry Stillbirths and neonatal deaths in twin pregnancies. 
2021.

 5. APA. Diagnostic and statistical manual of mental disorders. 5th ed. Wash‑
ington: American Psychiatric Association; 2013.

 6. Slomian J, Honvo G, Emonts P, Reginster J, Bruyère O. Consequences of 
maternal postpartum depression : A systematic review of maternal and 
infant outcomes. Women’s Heal. 2019;15:1–55.

 7. Bauer A, Parsonage M, Knapp M, Iemmi V, Adelaja B. The costs of perinatal 
mental health problems [Internet]. London: Centre for Mental Health; 
2014. (https:// www. centr eform ental health. org. uk/ sites/ defau lt/ files/ 
2018‑ 09/ costs ofper inatal. pdf ).

 8. Bobo WV, Yawn BP. Concise review for physicians and other clinicians: 
Postpartum depression. Mayo Clin Proc. 2014;89(6):835–44.

 9. Greater Manchester Combined Authority. Greater Manchester Perinatal 
and Parent Infant Mental Health Service: Championing the 1001 Critical 
Days. In: Greater Manchester Perinatal and Parent Infant Mental Health 
Service: Championing the 1001 Critical Days. 2020.

 10. Parent‑Infant Foundation. Parent‑Infant Foundation: The First 1001 Days. 2021.
 11 Ramchandani P, Stein A, Evans J, Connor TGO, ALSPAC study team. 

Paternal depression in the postnatal period and child development : a 
prospective population study. Lancet. 2005;365:2201–5.

 12. NHS England. The NHS Long Term Plan. 2019. (https:// www. longt ermpl an. 
nhs. uk/ wp‑ conte nt/ uploa ds/ 2019/ 08/ nhs‑ long‑ term‑ plan‑ versi on‑1. 2. pdf ).

 13 Levis B, Negeri Z, Sun Y, Benedetti A, Thombs BD. Accuracy of the Edin‑
burgh Postnatal Depression Scale ( EPDS ) for screening to detect major 
depression among pregnant and postpartum women : systematic review 
and meta‑analysis of individual participant data. BMJ. 2020;371:m4022.

 14. Smith MS, Lawrence V, Sadler E, Easter A. Barriers to accessing mental 
health services for women with perinatal mental illness: systematic 
review and meta‑synthesis of qualitative studies in the UK. BMJ Open. 
2019;9(1):e024803 (https:// bmjop en. bmj. com/ conte nt/9/ 1/ e0248 03 
cited 2021 Aug 21).

 15 Chew‑Graham CA, Sharp D, Chamberlain E, Folkes L, Turner KM. Disclosure 
of symptoms of postnatal depression, the perspectives of health profes‑
sionals and women: a qualitative study. BMC Fam Pract. 2009;10(1):1–9. 
https:// doi. org/ 10. 1186/ 1471‑ 2296‑ 10‑7 (cited 2021 Aug 21).

 16. Office for National Statistics. 2011 Census Analysis: Ethnicity and Religion 
of the Non‑UK Born Population in England and Wales. 2015. p. 5.

 17. Austin M. Best Practice & Research Clinical Obstetrics and Gynaecology 
Marcé International Society position statement on psychosocial assess‑
ment and depression screening in perinatal women. Best Pract Res Clin 
Obstet Gynaecol. 2014;28(1):179–87.

https://doi.org/10.1186/s12884-022-04756-2
https://doi.org/10.1186/s12884-022-04756-2
https://www.centreformentalhealth.org.uk/sites/default/files/2018-09/costsofperinatal.pdf
https://www.centreformentalhealth.org.uk/sites/default/files/2018-09/costsofperinatal.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://www.longtermplan.nhs.uk/wp-content/uploads/2019/08/nhs-long-term-plan-version-1.2.pdf
https://bmjopen.bmj.com/content/9/1/e024803
https://doi.org/10.1186/1471-2296-10-7


Page 12 of 12Eisner et al. BMC Pregnancy and Childbirth          (2022) 22:429 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 18. Darwin Z, Domoney J, Iles J, Bristow F, Siew J, Sethna V. Assessing 
the Mental Health of Fathers, Other Co‑parents, and Partners in the 
Perinatal Period : Mixed Methods Evidence Synthesis. Front Psychiatry. 
2021;11(January):1–18.

 19 Darwin Z, Domoney J, Iles J, Bristow F, McLeish J, Sethna V. Involving and 
supporting partners and other family members in specialist perinatal 
mental health services: Good practice guide. United Kingdom: NHS 
England; 2021.

 20. Poushter J. Smartphone Ownership and Internet Usage Continues to 
Climb in Emerging Economies. Pew Research Centre; 2016. (https:// www. 
pewre search. org/ global/ 2016/ 02/ 22/ smart phone‑ owner ship‑ and‑ inter 
net‑ usage‑ conti nues‑ to‑ climb‑ in‑ emerg ing‑ econo mies/ cited 2021 Jun 
28).

 21. Pew Research Center. Demographics of Mobile Device Ownership and 
Adoption in the United States | Pew Research Center. 2021. (https:// www. 
pewre search. org/ inter net/ fact‑ sheet/ mobile/  cited 2021 Jun 28).

 22. Eisner E, Drake RJ, Berry N, Barrowclough C, Emsley R, Machin M, et al. 
Development and Long‑Term Acceptability of ExPRESS, a Mobile Phone 
App to Monitor Basic Symptoms and Early Signs of Psychosis Relapse. 
JMIR Mhealth Uhealth. 2019;7(3):e11568 (https:// www. ncbi. nlm. nih. gov/ 
pubmed/ 30924 789).

 23. Hussain‑Shamsy N, Shah A, Vigod SN, Zaheer J. Mobile Health for Peri‑
natal Depression and Anxiety : Scoping Review Corresponding Author. J 
Med Internet Res. 2020;22(4): e17011.

 24. Van Den Heuvel JFM, Groenhof TK, Veerbeek JHW. eHealth as the Next‑
Generation Perinatal Care : An Overview of the Literature Corresponding 
Author. J Med Internet Res. 2018;20(6):e202.

 25. Dol J, Richardson B, Murphy GT, Aston M, Mcmillan D, Campbell‑yeo M. 
Impact of mobile health interventions during the perinatal period on 
maternal psychosocial outcomes : a systematic review. JBI Evid Synth. 
2020;18(1):30–55.

 26. Marcano‑Belisario JS, Gupta AK, Donoghue JO, Ramchandani P, Morrison 
C, Car J. Implementation of depression screening in antenatal clinics 
through tablet computers : results of a feasibility study. BMC Med Inform 
Decis Mak. 2017;17(59):1–11.

 27. Kingston D, Austin M, Van ZSV. Pregnant Women ‘ s Views on the Feasibil‑
ity and Acceptability of Web‑Based Mental Health E‑Screening Versus 
Paper‑Based Screening : A Randomized Controlled Trial. J Med Internet 
Res. 2017;19:1–18.

 28. Krishnamurti T, Davis AL, Wong‑Parodi G, Fischhoff B, Sadovsky Y, Simhan 
HN. Development and Testing of the MyHealthyPregnancy App: A Behav‑
ioral Decision Research‑Based Tool for Assessing and Communicating 
Pregnancy Risk. JMIR Mhealth Uhealth. 2017;5(4):e42 (https:// www. ncbi. 
nlm. nih. gov/ pubmed/ 28396 302).

 29. Hantsoo L, Criniti S, Khan A, Moseley M, Kincler N, Faherty LJ, et al. A 
Mobile Application for Monitoring and Management of Depressed Mood 
in a Vulnerable Pregnant Population. Psychiatr Serv. 2018;69(1):104–7 
(https:// www. ncbi. nlm. nih. gov/ pubmed/ 29032 705).

 30 Doherty K, Mastellos N, Morrison C, Doherty G, Cohn M. Engagement 
with Mental Health Screening on Mobile Devices : Results from an Ante‑
natal Feasibility Study. 2019. p. 1–15.

 31. Ricketts S. Screening for Depression in Pregnancy — There ‘ s an App for 
That! Innov Prim Care. 2019;17(3):2019.

 32. Ivers N. Proactive, Personalised Postpartum Mental Healthcare (P3MH). 
2019.

 33. Guille C. Pilot RCT: Remote SBIRT Vs. In‑Person SBIRT. 2020.
 34. Fetters MD, Curry LA, Creswell JW. Achieving Integration in Mixed 

Methods Designs—Principles and Practices. Health Serv Res. 2013;48(6 Pt 
2):2134 (https:// www. ncbi. nlm. nih. gov/ pmc/ artic les/ PMC40 97839/ cited 
2022 Apr 3).

 35. Ministry of Housing Communities and Local Government. The English 
Indices of Deprivation 2019 [Internet]. https:// assets. publi shing. servi ce. 
gov. uk/ gover nment/ uploa ds/ system/ uploa ds/ attac hment_ data/ file/ 
835115/ IoD20 19_ Stati stical_ Relea se. pdf. 2019 [cited 2021 Aug 21]. Avail‑
able from: https:// www. gov. uk/ gover nment/ publi catio ns/ engli sh‑ indic 
es‑ of‑ depri vation‑ 2019‑ techn ical‑ report

 36. Husain N, Rahman A, Husain M, Khan SM, Vyas A, Tomenson B, et al. 
Detecting Depression in Pregnancy: Validation of EPDS in British Pakistani 
Mothers. J Immigr Minor Heal. 2014;16:1085–92.

 37. Ghubash R, Abou‑Saleh MT, Daradkeh TK. The validity of the Arabic Edin‑
burgh Postnatal Depression Scale. Soc Psychiatry Psychiatr Epidemiol. 
1997;32:474–6.

 38 Lee DTS, Yip SK, Chiu HFK, Leung TY, Chan KPM, Chau IOL, et al. Detect‑
ing postnatal depression in Chinese women: Validation of the Chinese 
version of the Edinburgh Postnatal Depression Scale. Br J Psychiatry. 
1998;172(5):433–7.

 39. Mazhari S, Nakhaee N. Validation of the Edinburgh Postnatal Depression 
Scale in an Iranian sample. Arch Women’s Ment Heal. 2007;10(6):293–7. 
https:// doi. org/ 10. 1007/ s00737‑ 007‑ 0204‑x.

 40. Gausia K, Fisher C, Algin S, Oosthuizen J. Validation of the Bangla version 
of the Edinburgh Postnatal Depression Scale for a Bangladeshi sample. J 
Reprod Infant Psychol. 2007;25(4):308–15. https:// doi. org/ 10. 1080/ 02646 
83070 16448 96 (cited 2021 Aug 21).

 41. Wallis A, Fernandez R, Oprescu F, Cherecheş R, Zlati A, Dungy C. Valida‑
tion of a Romanian scale to detect antenatal depression. Open Med. 
2012;7(2):216–23. https:// doi. org/ 10. 2478/ s11536‑ 011‑ 0130‑1/ html (cited 
2021 Aug 21).

 42. Gumley A, Bradstreet S, Ainsworth J, Allan S, Alvarez‑Jiminez M, Artis J, 
et al. Early signs Monitoring to Prevent relapse in psychosis and prOmote 
Wellbeing, Engagement and Recovery (EMPOWER): A feasibility cluster 
randomised controlled trial harnessing smartphone technology blended 
with peer support. JMIR Res Protoc. 2020;9(1):e15058 (Accepted Publ. 
2019).

 43. Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani 
M. Mobile app rating scale: a new tool for assessing the quality of health 
mobile apps. JMIR Mhealth Uhealth. 2015;3(1):e27 (https:// www. ncbi. nlm. 
nih. gov/ pubmed/ 25760 773).

 44. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework 
method for the analysis of qualitative data in multi‑disciplinary health 
research. BMC Med Res Methodol. 2013;13:117 (https:// www. ncbi. nlm. 
nih. gov/ pubmed/ 24047 204).

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

https://www.pewresearch.org/global/2016/02/22/smartphone-ownership-and-internet-usage-continues-to-climb-in-emerging-economies/
https://www.pewresearch.org/global/2016/02/22/smartphone-ownership-and-internet-usage-continues-to-climb-in-emerging-economies/
https://www.pewresearch.org/global/2016/02/22/smartphone-ownership-and-internet-usage-continues-to-climb-in-emerging-economies/
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.ncbi.nlm.nih.gov/pubmed/30924789
https://www.ncbi.nlm.nih.gov/pubmed/30924789
https://www.ncbi.nlm.nih.gov/pubmed/28396302
https://www.ncbi.nlm.nih.gov/pubmed/28396302
https://www.ncbi.nlm.nih.gov/pubmed/29032705
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4097839/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/835115/IoD2019_Statistical_Release.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/835115/IoD2019_Statistical_Release.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/835115/IoD2019_Statistical_Release.pdf
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-technical-report
https://www.gov.uk/government/publications/english-indices-of-deprivation-2019-technical-report
https://doi.org/10.1007/s00737-007-0204-x
https://doi.org/10.1080/02646830701644896
https://doi.org/10.1080/02646830701644896
https://doi.org/10.2478/s11536-011-0130-1/html
https://www.ncbi.nlm.nih.gov/pubmed/25760773
https://www.ncbi.nlm.nih.gov/pubmed/25760773
https://www.ncbi.nlm.nih.gov/pubmed/24047204
https://www.ncbi.nlm.nih.gov/pubmed/24047204

	Digital screening for postnatal depression: mixed methods proof-of-concept study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Design
	Participants
	ClinTouch DAWN-P digital screening
	Digital screening
	Edinburgh Postnatal Depression Scale

	Procedure
	Remote study procedures and participant payment
	Baseline assessment and app training
	App use
	Exit interviews

	Study outcomes and analysis
	Overview
	Statistical analysis
	Qualitative analysis
	Mixed methods integration


	Results
	Sample characteristics
	Feasibility
	Patterns of app engagement
	Validity
	Safety
	Acceptability and usability
	Overall acceptability
	App look and feel
	Item content
	Item wording and response format
	Response window
	Alerts and snooze
	Speed and ease of use
	Suggested changes to the app


	Discussion and conclusions
	Acknowledgements
	References


