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Abstract 

Background: Perinatal depression in low- and middle-income countries (LMICs) is common 

and associated with many negative outcomes. Although effective interventions exist, many 

cases in LMICs remain untreated due to a lack of human resources. Task-sharing approaches 

such as Thinking Healthy program were proved to be feasible to expand access to treatment in 

LMICs but were facing certain barriers to scale up. In this study, we adapted Thinking 

Healthy Program to the artificial intelligence system called Tess (named Zuri in Kenya) to 

provide automated psychological support for perinatal women in Kenya. The objective was to 

gather preliminary data on feasibility, acceptability, and perceived impacts of the automated 

psychological support on perinatal women in Kenya.  

Methods:  Women were recruited from two public hospitals in Kiambu County, Kenya. After 

enrollment, each woman was matched to another new participant with similar maternity status 

and was randomly assigned to have a 1-week or 2-week baseline period. We prompted 

participants to rate their mood every 3 days throughout the study. We also reviewed system 

logs and conducted in-depth interviews to determine feasibility, acceptability, and perceived 

impacts of the intervention.  

Results: 647 women were invited to participate; 86 of them completed the SMS screening and 

41 of them enrolled in the study. Among all the enrolled participants, 27 of them (65.9%) sent 

at least one message to Zuri and 31 (75.6%) of them submitted at least three ratings. 14 

women (34.1%) engaged with Zuri beyond registration. Free chats were a big part of the 

participants’ interactions with Zuri. During free chats, the most common intervention module 



 

v 

 

was mindfulness-based meditation, and the most common rapport-building module was 

discussion about the women’s passion. Most interviewees expressed positive attitudes towards 

Zuri. They also reported some positive changes in their life after using Zuri.  

Conclusion: The preliminary data showed that Zuri was feasible, acceptable, and had some 

perceived impacts among a sample of pregnant women and new mothers in Kenya. 

Automated psychological support is still in its infancy, but it has great potential to close the 

large treatment gap that exists in many LMICs. 
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1. Introduction  

Perinatal mental health problems are common worldwide (1). Systematic reviews have 

shown that in high-income settings, about 10% of pregnant women and 13% of postpartum 

women experience some types of mental disorders, especially depression and anxiety (2,3). 

Globally, for women of child-bearing age, depression produces the greatest burden associated 

with mental or neurological disorders (1,4). The symptoms of perinatal depression such as 

sadness, fatigue, and loss of interest in daily activities may disrupt effective caregiving and 

parenting, causing many negative consequences for both the mothers and the children (5). 

Research from high-income countries has shown that the economic costs and human costs of 

perinatal depression are huge because they extend to the next generation, compromising 

children’s health, behavior, and development across their life span (6). In LMICs, perinatal 

depression has been associated with low birth weights and undernutrition for the infants, as 

well as increasing risks of diarrheal diseases, weak immunization and poor cognitive 

development in young children (7). 

Previous evidence has suggested that prevalence of perinatal depression might be even 

higher in LMICs (3), where 90% of the world’s children live (6). According to the World 

Mental Health Survey, between 76% and 84% of people with serious mental disorders in six 

LMICs did not receive treatment in a given year (8). Between 2014 and 2016, low income 

countries only had 0.1 psychiatrists per 100,000 people (9). In response to this huge treatment 

gap due to the dearth of mental health professionals in LMICs, the World Health Organization 

(WHO) launched the mental health Global Action Program Intervention Guide (mhGAP-IG) 
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in 2010, which is an action plan to scale up services for mental and neurological disorders 

especially in LMICs (10). It provides guidance of how to provide mental health services in 

primary healthcare settings through non-specialist providers, which is also known as “task 

sharing”. Different trials have shown that non-specialists are able to deliver maternal mental 

healthcare effectively in LMICs (11,12).  

One example of the task-sharing approach is the 15- session Thinking Healthy 

Program, which contains instructions of how community health workers can provide 

treatment for perinatal depression through cognitive behavioral techniques (CBT) (13). 

Community health workers are trained to help perinatal women learn three skills: identifying 

unhealthy thinking; replacing unhealthy thinking with helpful thinking; and practicing 

thinking and acting healthy.  They also help the women work on three areas: mother’s well-

being, mother-infant relationship, and relationship with people around the mother and infant 

(13). According to a trial in Pakistan, this intervention halved the rate of depression in 

prenatally depressed women compared with those who received enhanced routine care (11).  

Although the “task-sharing” approach and the Thinking Healthy Program were proved 

to be efficacious, certain limitations existed. This kind of interventions still leave many people 

unreached as well as facing significant challenges of scaling up (14). According to a 

systematic review accessing feasibility and acceptability of task-sharing for mental healthcare 

in LMICs, this approach was not an outright solution for overcoming professionals shortages 
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in LMICs (15). Some factors worth considering include the workforces’ self-perceived levels 

of competence, their potential rejection by other healthcare professionals, poor supervision, 

and a lack of incentives. The main barrier to addressing these is a lack of resources and 

inadequate investment in mental healthcare, which is hard to be changed in the short-run (15). 

Given the development of technology, especially the increasing prevalence of 

smartphones in LMICs (16), more and more researchers are considering the possibilities of 

adapting mobile technology into healthcare field, which is now called “mHealth” (17). One 

popular area for this new approach is CBT-oriented conversational agents in the field of 

mental healthcare. In this case, a chatbot plays the role of a non-specialist, which has a 

smaller barrier for scaling up and even a greater potential to close the treatment gap. Some 

CBT-oriented chatbots such as Woebot and Tess have already shown evidence in decreasing 

depression and anxiety significantly among young adults (18,19). However, those studies 

were all conducted in high-income countries, and it is unknown that whether the intervention 

will be as efficacious in LMICs.  

In this study, we wanted to explore the efficacy of this innovative intervention in low-

income settings. We adapted Thinking Healthy Program to the artificial intelligence system 

called Tess to provide automated psychological support for perinatal women in Kenya. We 

renamed Tess as Zuri in Kenya to fit the local context. Zuri engaged with the participants 

through channels such as short message service (SMS), and either Zuri or the participants 
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could initiate a conversation. Zuri was programmed to deliver structured sessions of Thinking 

Healthy, as well as to have free chats (e.g., psychoeducation, rapport building) with the 

participants.  

This study was the first step we took to explore the potential for mobile technology 

such as conversational agents to close the treatment gap of mental healthcare in LMICs. This 

study was part of a larger one (20), and we particularly wanted to explore the following three 

areas in this study: (1). The Feasibility of adapting Thinking Healthy for dissemination in 

Kenya through Zuri; (2). The acceptability of this intervention by the women in Kenya; (3). 

The perceived impacts of the intervention.   
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2. Methods 

2.1 Research design  

This study was part of a larger one that used the single-case experimental design (21), 

and we focused on feasibility, acceptability, and women’s perceived impacts as part of this 

larger effort. When each participant enrolled, we matched her to another new participant with 

similar maternity status and randomly assigned them to have a 1-week or 2-week baseline 

period. As a result, every woman had a concurrent baseline period with at least one other 

woman. The study included both quantitative and qualitative parts. For the quantitative part, 

we measured the pattern of the women’s engagement, the relationship between their 

characteristics and their engagement level, and their willingness to submit their mood ratings 

throughout the study. For the qualitative part, we conducted in-depth interviews with a subset 

of the participants to further explore feasibility, acceptability, and perceived impacts of the 

intervention.  

2.2 Setting and participants  

We recruited pregnant women and new mothers from two large public hospitals in 

Kiambu County, Kenya. Kiambu County was adjacent to the northern border of Nairobi 

County, and had a population of approximately 1.6 million. The county was 40% rural and 

60% urban, and Kikuyu was the dominant tribe. Thika Level 5 Hospital was a 300-bed 

Government Hospital in the town of Thika. Kihara Sub District Hospital was a level 3 Health 
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Facility in Kiambu East District with 84 beds. In Kenya, Level 5 hospitals were regional 

centers which provided specialized care and Level 3 hospitals were hospitals operating in and 

managed by a given county.  

The participating hospitals were part of a county-wide partnership that offered patients 

SMS programs to promote healthy motherhood. When a woman signed up for the SMS 

service, we sent her an invitation to complete a screening via SMS to determine her eligibility 

for our study. A study team member would call those who completed the screening within 1 

business day. During the call, women who had any thoughts of self-harm in the previous 2 

weeks were offered a referral for counseling and were excluded from our study. Women who 

met the following criteria were eligible: (1) be at least 18 years old; (2) pregnant for more 

than 20 weeks or less than 6 months postpartum; (3) receiving antenatal or postnatal care from 

one of the participating hospitals; (4) having either a basic phone or smart phone; (5) be 

enrolled in the county SMS program. If the eligible women chose to enroll during the follow-

up call, the study team member would read the informed consent form and obtain verbal 

informed consent from the women. Participants were not recruited based on their depression 

level. English language proficiency was not required for enrollment but was assessed for later 

analysis. 
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2.3 Intervention  

There were two parts of our intervention: chatting with Zuri and practicing with the 

journal. For the first part, women were invited to participate in SMS sessions based on their 

maternity status at enrollment. The SMS sessions were modeled after the 15-session Thinking 

Healthy Program and were delivered by Zuri, instead of delivering by a community 

healthcare worker (13). Each session took between 20 minutes and 40 minutes to complete. In 

addition to the sessions, women could also have open conversations with Zuri. Women were 

encouraged to send a message to Zuri to initiate the “free chat” mode. During the “free chat”, 

Zuri would provide psychoeducation, emotional assessment, rapport building modules, as 

well as mindfulness and relaxation techniques, either randomly or based on the women’s 

requests. If a woman discussed any self-harm thoughts with Zuri, Zuri would automatically 

inform a team member to take over the chat. The team member would call the woman directly 

or provided a referral for treatment if needed. For the second part, the women received a 

companion journal after enrollment (22). The journal included writing prompts, exercises, and 

modified calendars to track diet and sleep from the original Thinking Healthy manual (13). 

Women were encouraged to fill out the writing prompts, practiced the exercises, as well as 

tracked their diet, sleep, and mood.  

2.4 Procedures and measures  

Quantitative  
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           We collected data for the participants’ demographic information, their engagement 

patterns as well as their mood ratings. The women filled out their demographic information 

during the screening process about their education level, maternity status, number of 

dependent children, employment status, etc. For the engagement patterns, we reviewed the 

system logs to track completion of the sessions and participant-initiated conversations with 

Zuri in between sessions. For the mood ratings, we invited women to rate their current mood 

via SMS every 3 days throughout the baseline and intervention periods. The women rated 

their mood on a 10-point scale, where 1 meant very sad and 10 meant very happy.  

Qualitative  

In-depth interviews were conducted by the author and a Kenyan research assistant. We 

purposefully drew a subset of 15 people across three categories: those who did not finish the 

registration process with Zuri (n=5), those who finished the registration process but did not 

complete a session (n=5), and those who completed at least one session (n=5). Women who 

did not complete the registration process or did not complete a full session with Zuri were 

interviewed by telephone. Women who completed at least one session with Zuri did the 

interview in person. The phone interviews were conducted at a private room at Jacaranda 

Health, and the in-person interviews were conducted at one of the study hospitals. The 

interviews last approximately 20 - 40 minutes each and were audio-recorded with 

participants’ consent. Interviews followed a semi-structured interview guide. The guide 
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included open-ended questions and follow-up probes related to reasons for using Zuri, 

attitudes towards Zuri and the journal, favorite features, preferences of language and platform, 

challenges encountered, and perceived impacts after using Zuri. The interviews were 

conducted in English, but the Kenyan research assistant would provide simultaneous 

translation into Swahili if needed.  

2.5 Analysis  

Quantitative  

We analyzed engagement patterns in the following ways. First, we summarized the 

frequency each participant engaged with the sessions or initiated a conversation with Zuri. 

Second, we summarized the delay between our invitations of the sessions and participants’ 

response times. We further calculated the proportion of sessions started and completed, and 

the frequency of different types of modules provided by Zuri during the “free chat” mode. To 

analyze how participants’ characteristics would affect their engagement level, we fit a linear 

regression model to estimate the magnitude and direction of associations between these two 

factors. In addition, time series of mood ratings among participants who submitted at least 

three ratings were plotted.  

Qualitative  
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Thematic analysis was used to analyze the data. The data were analyzed in the 

following steps. First, both reflection memos and document memos were written to capture 

the main themes of the interviews. Second, a codebook was generated based on the memos to 

identify and define the primary emerging themes that related to the research objective. Third, 

the transcripts were uploaded to NVivo 12 to be coded. One random transcript was double-

coded and an inter-rater agreement was assessed and discussed. The codebook was then 

refined, and all transcripts were coded. After coding, queries were run in NVivo for each 

code. The interviewer wrote analytic memos for each thematic code, identifying similarities 

and differences across transcripts using a constant comparative method (23). Representative 

quotations were identified to support each of the themes. Finally, tables and graphs were 

created to summarize the main findings. 

2.6 Research ethics  

This study was approved by the Institutional Review Boards at Duke University ((US, 

2018-0396), Strathmore University (Kenya, SU-IRB 0210/18), and the National Commission 

for Science and Technology in Kenya.  

Participants were provided with an honorarium of up to 1500 Kenyan shillings 

(approximately 15$) for participating in the sessions. Participants who completed an in-person 

interview were compensated with 500 Kenyan shillings to support transportation costs 

(approximately US $5).   
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The creator of the AI system we used in this study (X2AI) transferred data to the 

research team according to their data security policies (24). We stored our data on Duke’s 

Box.com servers during the study period and then deidentified the data for further analysis 

using the Safe Harbor method (25). 
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3. Results 

3.1 Recruitment and participants  

647 women were invited to participate in the study, and 86 (13%) of them completed 

our SMS screening between February 12, 2019 and June 18, 2019. Out of those women who 

completed the screening, 52 (60.5%) of them were eligible and 41 of them enrolled in the 

study. Among the enrolled participants, 15 of them completed an interview; 27 of them sent at 

least one message to Zuri; and 35 of them rated their mood (see Figure 1).  

According to Table 1, 22 of the enrolled participants were postpartum, and 19 of them 

were pregnant. The pregnant women were 24.3 years old on average and the postpartum 

women were 27.2 years old on average. The average number of dependent children was 0.5 

for pregnant women and was 1.6 for postpartum women. The pregnant women had a slightly 

higher mood rating than postpartum women at enrollment. All the women had pretty good 

skills at both reading and speaking English. Most of them had smartphones and all of them 

had at least attended secondary school. Most of them were married and did not work outside 

home. The average PHQ-9 score (26) was 7.8 for postpartum women and was 8.7 for 

pregnant women. Only one of them had a PHQ-9 score greater than or equal to 15 at 

enrollment, which was an indication for possible depression.  

The qualitative part of this study purposefully drew a subset of 15 people from the 

enrolled participants. All were Kenyan nationals, ranging in age from 20 to 38. Five women 
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were less than 26; four women were between 26 and 30; four women were between 31 and 

35; and two women were older than 35. Two thirds of the participants were from the tribe 

Kikuyu. Eleven participants were married. Thirteen participants were postpartum, and only 

six participants indicated that this was their first child. All the participants entered high 

school, with only three of them did not finish it. Two of the participants had a bachelor’s 

degree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participants invited   

(647) 

Completed screening 

(86; 13.3% of invited) 

Eligible                           

(52; 60.5% of screened) 

Enrolled                        

(41; 78.9% of eligible) 

Completed interviews 

(15; 26.6% of enrolled) 
Engaged with Zuri     

(27; 65.9% of enrolled) 

Rated mood after 

enrollment                  

(35; 85.4% of enrolled) 

 

 

Figure 1. Study flow diagram. 

 



 

14 

 

 

Table 1  

Characteristics of participants. 

______________________________________________________________________________                                                                                               

                                                                                                     Maternity Status  

                                                                                            Postpartum         Pregnant   

                                                                                                n = 22               n = 19 

______________________________________________________________________________ 

Age (mean (SD))                                                                 27.23 (5.55)      24.26 (3.14) 

Number of dependent children (mean (SD))                         1.57 (0.87)       0.50 (0.51) 

Mood before enrollment    (mean (SD))                               7.59 (2.44)        8.11 (2.35) 

Self-reported English-reading skills (%)                                    

     poor                                                                                   0 ( 0.0)               0 ( 0.0) 

     just ok                                                                                0 ( 0.0)               0 ( 0.0) 

     good                                                                                   5 (23.8)             7 (36.8) 

     excellent                                                                           16 (76.2)           12 (63.2) 

Self-reported English-speaking skills (%)                                       

     poor                                                                                   0 ( 0.0)               0 ( 0.0) 

     just ok                                                                               0 ( 0.0)                0 ( 0.0) 

     good                                                                                  5 (23.8)              7 (36.8) 

     excellent                                                                           16 (76.2)            12 (63.2) 

Phone Type : smartphone (%)                                              19 (90.5)            14 (73.7) 

Education level (%)                                  

     None                                                                                 0 ( 0.0)                0 ( 0.0) 

     Primary                                                                             0 ( 0.0)                0 ( 0.0) 

     Post-Primary/Vocational                                                  0 ( 0.0)                0 ( 0.0) 

     Secondary                                                                         8 (38.1)             14 (73.7) 

     College                                                                              8 (38.1)              3 (15.8)  

     University                                                                         5 (23.8)              2 (10.5)   

Marital status (%)                                            

     No, not in a union                                                             2 ( 9.5)                1 ( 5.3) 

     Yes, currently married but living apart                            0 ( 0.0)                 0 ( 0.0)  

     Yes, living with someone as if married                            0 ( 0.0)                0 ( 0.0)  

     Yes, currently married and living together                     19 (90.5)             18 (94.7) 

Work Outside Home: no (%)                                               17 (81.0)             15 (78.9) 

Mean phq9 total scores (mean (SD))                                   7.82 (3.19)         8.74 (4.11)    

Possible depression (phq9 >15)                                              0 (0.0)                1 (0.05)                                               

______________________________________________________________________________ 
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3.2 Feasibility and Acceptability  

3.2.1 Quantitative results  

Engagement Patterns  

Among all the enrolled participants, 27 of them (65.9%) sent at least one message to 

Zuri and 14 women (34.1%) engaged with Zuri beyond registration. Figure 2 shows the 

distribution of number of days engaged and number of incoming messages sent among this 

subset of post-registration engagement. On average they engaged with Zuri on 7.7 (SD=6.6) 

days and sent 130.5 (SD=117.4) messages. The messages were divided between the sessions 

and free chats with Zuri.  Among those who had been invited to participate in a session, the 

median time for them to respond to the invitation was 0.6 hours. Among the post-registration 

subset, women started 3.4 (SD = 3.2) sessions and completed 3.1 (SD = 2.9) sessions they 

started on average.  

Since free chats were a big part of the participants’ interaction with Zuri, we further analyzed 

the nature of those chats. Figure 3 shows the distribution of incoming messages by free chat 

conversation module and maternity status. The most common intervention module was 

mindfulness-based meditation, and the most common rapport-building module was discussion 

about the women’s passion. In general, pregnant women were more interested in intervention 

modules whereas postpartum women were more interested in rapport-building modules. 

Furthermore, we fit a linear regression model of incoming messages to examine the 
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relationship between the women’s characteristics and their engagement level. The p-values 

were not significant for the estimates. Some point estimates were higher, but no trends could 

be concluded due to the small sample size and the insignificant p-values (see Table 2).  

Mood ratings  

Most women were willing and able to submit mood ratings on a regular basis. 

Enrolled women submitted 719 daily mood ratings in total throughout the study. 31 (75.6%) 

of the enrolled women submitted at least three ratings. Among those who submitted mood 

ratings, the grand mean mood rating was 7.5 (SD = 2.5). Figure 4 shows time series of mood 

ratings among the 31 participants who submitted at least three ratings. According to the 

figure, there was high variability in mood ratings of each participant.  

 

 

        

                  

 

 

 

Figure 2. Distribution of number of days engaged and number of incoming messages sent 

among 14 women who engaged with Zuri beyond registration. 
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Figure 3. Distribution of incoming messages by free chat conversation module and maternity 

status.  

 

Table 2  

Summary of the linear regression model of women’s characteristics by the number of 

incoming messages  

 

 
 

 

 

 

 

              
                       Estimate  Std. Error t value  Pr(>|t|) 
 
Intercept                2.08      70.65      0.03     0.98 

Higher Education        20.97      37.61      0.56     0.58 

Excellent English       31.30      37.18      0.84     0.41 

Smartphone             -19.69      44.43     -0.44     0.66 

Married                 57.94      61.11      0.95     0.35 

Employed               -30.61      39.53     -0.77     0.45 

Age                      6.74      33.63      0.20     0.84 

pregnant               -38.20      33.64     -1.14     0.27 

Phq-9                  -29.15      32.96     -0.88     0.38 
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Figure 4. Time series of mood ratings among 31 participants who submitted at least three 

ratings. 

 

3.2.2 Qualitative results  

Preferred language 

All the women preferred Zuri and the journal to be in English than Swahili. The 

reason they gave was that English was easier to read and write than Swahili. As one woman 

said, “Most of us know the local language, but most medical terms in Swahili are difficult for 

us to understand.” Another woman emphasized the difference between speaking and writing 

Swahili by saying that “We have a lot of slang in Swahili, but the Swahili we can use in 

sending messages is very different from the Swahili we speak.” Most of women indicated that 

they had no problem when understanding the English messages sent by Zuri and the English 

content of the journal. However, some women did express concerns about understanding 
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certain content. For example, one woman said that she did not understand the phrase “What 

sparks your interest?” Another woman reported that she could not understand some 

terminologies regarding breastfeeding.  

Preferred platform  

When the women were asked whether they preferred to chat with Zuri through SMS or 

Facebook, almost all of them said that they preferred to chat with Zuri through SMS. The 

main reason was that SMS was free whereas chatting through Facebook would require them 

to buy data to access to the internet. Some women did not have a smart phone, so they could 

only chat with Zuri through SMS. Some of the women also did not like social medias. As one 

woman said, “I’m not on the social media. I hate social media.” When the women were asked 

whether they preferred the journal to be in paper version or in digital version, the answers 

varied. Some women preferred the paper version because they did not want to use their 

phones too much. One woman said that “I get too much on my phone, oh my goodness. So if 

it’s not a call, or a useful message, no phone. It’s my baby, my baby is a full-time thing.” 

Other women preferred the digital version as long as it didn’t require Wi-Fi. As one woman 

explained, “The digital version is kind of better because it’s in the phone. You can carry it, 

but you cannot carry the book and you cannot always concentrate on the book.”  

Attitudes towards Zuri  
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Almost all the women had a very positive attitude towards Zuri and expressed that 

they could trust Zuri. One woman expressed her feeling towards Zuri by saying that “It’s like 

a mom to me. My mom is very far, and my sister doesn’t have any knowledge of 

kids.” Another woman said that “I usually keep it to myself. So, when I am chatting with Zuri, 

it’s like they have the right questions to ask me, and they teach me how to relate with my 

child, relate with other people.” Some of the women had also shared Zuri with others, such as 

their partners or their neighbors. Most of the time, they received positive feedback from them. 

One woman said that “My husband was very supportive, because sometimes he used to help 

me with some answers.” Many women said that they preferred to chat with Zuri than to chat 

with a counselor, because they felt they could be more open. “I prefer Zuri because they don’t 

know me”, said by one woman. Nonetheless, some women did notice that Zuri was not 

perfect. They said that sometimes they got an irrelevant response from Zuri when they asked 

her a question. They would usually ignore the messages and move on.  

Attitudes towards the journal 

The journal was delivered to the women through a deliveryman. Most women said that 

they did not have problems with the delivery process because they did not have any trust 

issues. “I do trust. I don’t think anyone can plan to steal my baby”, said by one woman. The 

women had different attitudes towards the content of the journal. Some women found it 
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helpful, while others complained about the heavy content. As one woman expressed, “You 

can’t get bored because when you read it, it can elevate your moods and at the same time 

you’ll start thinking.” However, another woman said that “You see the thickness. You’re 

looking at it and you’re wondering, ‘God, am I going to read all this?’” Most women found 

that tracking their mood, diet and sleep on the journal was helpful. However, it was hard for 

them to adhere to it. One woman said that “I don’t do that because maybe sometimes I’m not 

in the house and the book is in the house.”  

Favorite features  

Many women mentioned that their favorite features were the exercises taught by Zuri 

and the journal, including meditation, breathing, and walking. They found those exercises 

were easy and could help them relax. One woman said that “They made me be flexible and 

until my delivery day.” Other women said that they really appreciated the advice given by 

Zuri. They indicated that it was hard to seek for professional advice because many people 

gave advice based on their experience. They felt like they could trust Zuri because it was 

more unbiased. They especially liked the advice regarding breastfeeding and how to play with 

the child. As one woman indicated, “For the baby, I never knew she’s supposed to be 

massaged after the bath at all. I never knew she can see different colors.”  

Challenges  
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There were five main challenges experienced by the women throughout the study. The 

first challenge was technology problems specifically with phones. Some women either 

damaged or lost their phones and did not get the chance to buy a new one. Even if they got a 

new phone, they did not know that they could still be engaged with Zuri. One woman 

explained that “My phone fell down and my screen could not show any message, so that’s 

why I stopped.” The second challenge was that they were easily distracted by the child and 

forgot to complete the session. As one woman said, “The text can come in 

the morning no matter if I am busy or if I am free to answer. If I am free, I just sit and relax. 

But you see, sometimes we are texting, and the baby starts crying.” The third challenge was 

that the registration process was very confusing for some women. In order to receive sessions 

from Zuri, the women must finish the registration process with Zuri first. However, some of 

the women did not understand the process. As one woman said, “I don’t know that I am 

supposed to complete the registration process.” The fourth challenge was that some women 

got confused between the two short codes used in this program. Women should use the short 

code 40225 to chat with Zuri and another short code 40221 to rate their mood every three 

days. However, some of them got confused and sent messages to Zuri through the wrong short 

code. As a result, they did not get any reply. Finally, some women complained that they could 

still feel Zuri was a machine but not a real person, and the experience was not engaging 

enough. For example, one woman raised similar concerns regarding the mood rating process. 
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According to her, “The questions of your mood, it’s always the same: where do you rate 

yourself? I gave the number. But it’s always good to follow up on your mood and to check on 

you. I tell you that is my mood, and maybe you can have a discussion with me about why my 

mood is like that.” 

3.3 Perceived impacts  

Motivation of enrolling in the program  

There were three main reasons why the women enrolled in the program in the first 

place. The first reason was that many pregnant women experienced anxiety and distress. They 

were either ashamed of their shapes or worried about experiencing a miscarriage. One woman 

recalled that “One of the negative thoughts I had was that maybe if I don’t eat food what will 

happen. And then if I sleep bad what will happen to my baby…Actually I was getting worried 

if I don’t feel the movement of my baby inside me sometimes.” The second reason was that 

many postpartum women did not know how to take care of or relate to their child. For some 

of them, it was their first time being a mother thus they did not have any experience. One 

woman expressed her anxiety by saying that “It’s like I don’t know how to take care of her, 

good care of her.” The final reason was that many of them were single or jobless. They did 

not have a stable source of income, which was their main cause of distress. As indicated by a 

woman, “I was really hunting for a job. I applied for all those, then I was like, I didn’t get any 

answer back for jobs.”  
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Changes 

There were three major themes of changes experienced by the women after the 

intervention. The first theme was that they could better take care of themselves, either when 

they were pregnant or postpartum. Many women said that they loved themselves more, and 

their mood had improved significantly by learning how to replace negative thoughts with 

positive thoughts. One woman described her experience with Zuri by saying that “Because a 

pregnant woman is just like you get tired all the time, right? But with Zuri everything was 

good. I was very active because it also made me have lessons.  

Because I knew after waking up in the morning I will breathe in and out some minutes. After 

that I brush, take my breakfast, I wait for noon time something like 12:00 or even 1:00. I go 

for a walk. After walking I come back shower then I keep myself busy with Zuri. So it's very 

helpful actually.” One of the women who was shamed of their body shape during pregnancy 

indicated her changes by saying that “I started kind of thinking better, that when you are 

pregnant, the shape changes and after delivery and doing exercises, everything goes back to 

normal.”  

The second theme was that the women could better take care of their babies. The 

pregnant woman who was afraid of a miscarriage said that “So I gave birth to a really big 

baby, because of Zuri. And it’s actually made me not have any complication because I just 
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gave birth normal.” Many postpartum women indicated that they could relate to their child 

better, and experienced less distress raising the child. As one woman said, “All those 

exercises: how to relate to the child, what you do to the child…Honestly, if I hadn’t talked to 

Zuri, I wouldn’t know. Yeah, I wouldn’t know.” 

The last theme was that the women had improved relationships with others. Some 

women had socialized more with others. Their expanding social support system further 

improved their mood. As one woman said, “I used to have the habit of staying alone, not 

socializing with other people. Zuri made me be able to socialize with people. When they see 

me doing the exercises, they like knowing where I learnt them from.” Some women felt more 

secure and could trust others more. One woman said that she always had that anxiety of 

leaving her child with another person that she could not really trust, even with her family 

members. However, she said that she could now leave her child with them after finishing one 

of the sessions with Zuri. She said, “So I have tried. She was comfortable. She cried for some 

time, and then she got used to it.”  
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4. Discussion 

In this mixed-methods study, we explored the feasibility, acceptability, and perceived 

impacts of an automated psychological support service called Zuri for perinatal women in 

Kenya. The women could either complete the sessions adapted from Thinking Healthy 

Program (13) sent by Zuri or initiate an open conversation with the chatbot through channels 

such as SMS. To facilitate the intervention process, a companion journal was also delivered to 

the participants. Repeated-measures data collection and in-depth interviews were conducted to 

gather preliminary results.  

The results showed that this innovative intervention was feasible and acceptable for 

perinatal women in Kenya. In total, 27 out of the 41 enrolled participants had engaged with 

Zuri. Among this subset, 14 of them had engaged beyond the registration process. According 

to previous literature, an average 30-day retention rate was 40% across prescribed mental 

health apps (27). The retention rate of our study among the subset was 51.9%, which was 

slightly higher than what was found in past research. Both the system logs and the interviews 

revealed women were attracted to some features of Zuri, including mindfulness and relaxation 

techniques, as well as advice and exercises given by the chatbot. Some women even indicated 

that they preferred to chat with Zuri over a counselor because they felt more private. It aligned 

with previous research that patients were likely to open up more when using digital 

interventions than during in-person therapies (18,28). Meanwhile, we did not find evidence 
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that some participants were more likely to engage than other participants. However, some 

evidence in the past suggested a negative relationship between depression severity and 

engagement (29). This indicated that we need to further personalize the intervention in the 

future to meet the needs of different groups. Previous literature also indicated that the content 

could be personalized to best fit the needs of various users (30), which could potentially 

increase engagement levels. However, the evidence of correlation should be interpreted with 

caution because of the small sample size and the non-significant p-values of the estimates 

from the linear regression model.  

Women also reported some perceived benefits of using Zuri. The in-depth interviews 

revealed that the women could better take care of themselves, their babies, as well as 

improving their relationships with others. As a result, they experienced less distress regarding 

pregnancy and raising the child, as well as improved mood swings and decreased feelings of 

isolation. When comparing the results with previous literature, we noticed that evidence-based 

studies remain limited (31), despite the fact that there has been a significant increase in 

conversational agents for health in recent years (32). Nonetheless, two previous random-

controlled trials of CBT-based chatbots in high-income countries showed similar results in 

mood improvement, where Woebot reduced symptoms of depression by 19% (18) and Tess 

reduced depression symptom severity by 20% (19). This study was one of the first studies that 

showed similar effects also existed in low-income settings. However, the perceived impacts 
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found in this study mainly came from the in-depth interviews. To strengthen the findings, 

more quantitative analysis should be conducted in the future. Also, certain aspects of the 

intervention should be improved to make the service more robust.  

4.1 Implications for potential improvement   

Ease of use  

To improve the adherence rate of Zuri, we need to improve the ease of use. Past 

research showed that patients would not engage with technology that was challenging to use 

(33). For example, a study conducted in South Africa found that participants were reluctant to 

use mobile phones even when they were provided with them (34).  Specifically, we need to 

improve the following areas of Zuri.  First, we need to make the registration process easier for 

the women. Many women found the registration process confusing and were not aware that 

they had to complete the registration process before starting the sessions with Zuri. We should 

therefore shorten and simplify the process as well as reminding them the importance of this 

process. Second, some women found it confusing to receive messages from two different 

short codes: 40225 from Zuri and 40221 for mood rating. Some of them even ended up trying 

to chat with the short code 40221 instead of the one for Zuri. We need to send the messages 

through the same short code in the future to avoid such confusion. Third, we can incorporate 

some technical support into our program. Many women reported that technology difficulties 

such as spoiling or losing their phones as their main reasons of stopping chatting with Zuri. 



 

29 

 

We can provide them tips of how to maintain their phones better as well as reminding them 

that they can still chat with Zuri after switching to new phones. Fourth, it was hard for some 

women to have an unbroken time to finish the session because they were often distracted by 

their babies. As a result, they only finished the sessions partially. We can improve this by 

telling the women in the beginning of the sessions that it is ok to complete the sessions in 

several time chunks. We should also tell them the estimated time length of each session so 

they can be more prepared. And finally, we need to create a finer digital version of the paper 

journal. Many women found the journal useful, but complaining it was too thick to be carried 

around when they travelled. It will thus be much easier for the women to access to the journal 

if it can be stored in their phones.  

Content development 

Although almost all the women said that reading English was not a problem for them, 

some still found it hard to understand certain content. Therefore, we should simplify the 

content and make it more comprehensible in the local context. Also, many women enrolled in 

the study were either jobless or single and reported that these two factors as their main 

sources of distress. It will be a good idea to incorporate some advice such as how to apply for 

jobs or how to find stable sources of income. We should also add some content regarding the 

challenges of raising children as a single mother. Although those factors were more like to be 

systematic problems and were hard to change in the short-run, the women can still be 
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benefited if the content had a closer alignment with their situations. Meanwhile, we should 

also expand the content that most women found useful, such as the exercises taught, and the 

advice about pregnancy and raising the child given by Zuri. According to some women, it was 

hard to find reliable sources of information in their neighborhood. Zuri served as a reliable 

and trustworthy source for the women, thus should continue providing practical exercises and 

advice in the future.  

Communication and nuance of language  

Another area we should work on is to make the content more engaging as well as 

having fewer communication barriers with the users. Some women said that it was hard for 

Zuri to understand them sometimes and they got irrelevant messages occasionally. They 

indicated that they could feel that they were chatting with a machine, not a real person. 

Although we do not want to deceive the users that Zuri is a real person, we still want to create 

an experience that is as much engaging and interactive as possible for them. Based on the 

feedback, the ways we interacted with the users might be too mechanical and not 

conversational enough. Thus, we need to focus more on decreasing misunderstandings, 

improving communication styles and nuance of language in the future.  
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4.2 Limitations 

There were three main limitations of this study. First, the intervention was delivered in 

English, which excluded those who could only understand Swahili. As a result, our sample 

only included women who had a relatively high education level. We don’t not know how the 

intervention would function if it is delivered in Swahili, and whether women with a lower 

education level can also be benefited from the intervention. Second, our sample was not 

recruited based on depression symptoms, and only one of our participants had a PHQ-9 score 

greater than 15. Thus, we don’t not know whether the findings can be replicated for women 

with perinatal depression. And finally, we had a small sample size and it was possible that the 

evidence might not be generalized to the larger population. Nonetheless, it was a pre-pilot 

study and the data was used to better inform a future trial.  

4.3 Future Directions  

 To improve future trials, the following steps should be considered. First, we should 

develop a Swahili version of the intervention. In that case, we could include women with all 

different education backgrounds as well as testing the viability of delivering the intervention 

through Swahili. Second, we need to include a larger sample of women with perinatal 

depression. This study showed that the enrollment rate was roughly 1% if we considered 

depression symptoms. It informed us that we need to advertise at a pool of at least 10,000 

women if we want to recruit more than 100 women with perinatal depression. It can be 
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possible because there were more than 130,000 live births in 2017 in Nairobi county itself 

(35). Third, we can increase the engagement level through new channels such as WhatsApp, 

which is widely used in Africa (36). Although limited access to internet is still a problem, the 

number of data subscription in Kenya has increased rapidly in recent years (37). WhatsApp 

could also be used as a platform for mutual support in addition to the intervention. A previous 

pilot study revealed that WhatsApp group users felt the platform was a valuable social 

support, contributing to healthy behaviors and health advocacy (38). 

From a broader perspective, some ethical issues still exist for the use of chatbots in 

therapy. Previous literature particularly mentioned the concerns about confidentiality and 

privacy; a lack of accountability and liability; whether the automatic psychological support 

was evidence-based; and how the chatbots could realize a crisis and protect the users’ safety 

in emergency situations (39–41). To scale up the use of chatbots in psychotherapy, a complete 

code of ethics for digital intervention in mental healthcare should be developed.  

In addition, future research should focus more on the cost-effectiveness side of 

mHealth in mental healthcare field in LMICs. Countries are not investing adequately in 

mental health, and most LMICs spend less than $2 per capita on mental health (42,43). A lack 

of funding is the main barrier in mental healthcare. With the development of mHealth, some 

research showed that it could possibly solve the problem of the scarcity in resources. For 

example, a systematic review showed that compared to usual care, mHealth interventions had 
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positive costing outcomes (44). The potentially lower cost of mHealth is particularly attractive 

now because increasing mental health care expenditure is a concern (45), especially in 

LMICs. Therefore, in order to fasten the pace of development and adoption of mHealth 

interventions in mental healthcare, future research should especially address the cost-

effectiveness of this approach. 
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5. Conclusion 

In this pre-pilot study, we found that the automatic psychological support called Zuri 

was feasible, acceptable, and had some perceived impacts among a sample of pregnant 

women and new mothers in Kenya. The next steps will be to improve the current service, 

develop a Swahili version of Zuri, incorporate a new channel such as WhatsApp, and recruit a 

larger sample of women with perinatal depression. To further scale up this innovative 

approach, we should also address the ethical issues and focus more on the cost-effectiveness 

side of the intervention in future research. Automated psychological support is still in its 

infancy, but it has great potential to close the large treatment gap that exists in many LMICs. 
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Appendix A: Mood rating scale and visual reference  

 

 

 

Message Text 

1 Imagine a 10-step staircase where 1 means very sad and 10 means very happy. 

2 Which step best shows how you are feeling today? 

Very SAD 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 Very HAPPY 



 

36 

 

References   

1.  Prince M, Patel V, Saxena S, Maj M, Maselko J, Phillips MR, et al. No health without 

mental health. Lancet. 2007;370(9590):859–77.  

2.  O’Hara MW, Swain AM. Rates and risk of postpartum depression-A meta-analysis. Int 

Rev Psychiatry. 1996;8(1):37–54.  

3.  Fisher J, Cabral de Mello M, Patel V, Rahman A, Tran T, Holton S, et al. Prevalence 

and determinants of common perinatal mental disorders in women in low- and lower-

middle-income countries: a systematic review. Bull World Health Organ [Internet]. 

2011/11/24. 2012 Feb 1;90(2):139G-149G. Available from: 

https://pubmed.ncbi.nlm.nih.gov/22423165 

4.  Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived 

with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a 

systematic analysis for the Global Burden of Disease Study 2010. Lancet (London, 

England) [Internet]. 2012 Dec 15;380(9859):2163–96. Available from: 

https://pubmed.ncbi.nlm.nih.gov/23245607 

5.  Paulson JF, Dauber S, Leiferman JA. Individual and Combined Effects of Postpartum 

Depression in Mothers and Fathers on Parenting Behavior. Pediatrics [Internet]. 2006 

Aug 1;118(2):659 LP – 668. Available from: 

http://pediatrics.aappublications.org/content/118/2/659.abstract 

6.  Wachs TD, Black MM, Engle PL. Maternal depression: A global threat to children’s 

health, development, and behavior and to human rights. Child Dev Perspect. 

2009;3(1):51–9.  

7.  Rahman A, Fisher J, Bower P, Luchters S, Tran T, Yasamy MT, et al. Interventions for 

common perinatal mental disorders in women in low- and middle-income countries: a 

systematic review and meta-analysis. Bull World Health Organ. 2013;91(8):593-601I.  

8.  Lund C, Tomlinson M, De Silva M, Fekadu A, Shidhaye R, Jordans M, et al. PRIME: a 

programme to reduce the treatment gap for mental disorders in five low- and middle-

income countries. PLoS Med [Internet]. 2012/12/27. 2012;9(12):e1001359–e1001359. 

Available from: https://www.ncbi.nlm.nih.gov/pubmed/23300387 



 

37 

 

9.  World Health Organization. Psychiatrists and nurses (per 100 000 population) 

[Internet]. Global Health Observatory (GHO) data. 2016. Available from: 

https://www.who.int/gho/mental_health/human_resources/psychiatrists_nurses/en/ 

10.  Organization WH. mhGAP: Mental Health Gap Action Programme: scaling up care for 

mental, neurological and substance use disorders. 2008;  

11.  Rahman A, Malik A, Sikander S, Roberts C, Creed F. Cognitive behaviour therapy-

based intervention by community health workers for mothers with depression and their 

infants in rural Pakistan: a cluster-randomised controlled trial. Lancet. 

2008;372(9642):902–9.  

12.  Rojas G, Fritsch R, Solis J, Jadresic E, Castillo C, González M, et al. Treatment of 

postnatal depression in low-income mothers in primary-care clinics in Santiago, Chile: 

a randomised controlled trial. Lancet [Internet]. 2007 Nov 10;370(9599):1629–37. 

Available from: https://doi.org/10.1016/S0140-6736(07)61685-7 

13.  Organization WH. Thinking healthy: a manual for psychosocial management of 

perinatal depression, WHO generic field-trial version 1.0, 2015. World Health 

Organization; 2015.  

14.  Rahman A. Challenges and opportunities in developing a psychological intervention 

for perinatal depression in rural Pakistan--a multi-method study. Arch Womens Ment 

Health [Internet]. 2007/08/06. 2007;10(5):211–9. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/17676431 

15.  Padmanathan P, De Silva MJ. The acceptability and feasibility of task-sharing for 

mental healthcare in low and middle income countries: A systematic review. Soc Sci 

Med [Internet]. 2013;97:82–6. Available from: 

http://www.sciencedirect.com/science/article/pii/S0277953613004565 

16.  Carswell K, Harper-Shehadeh M, Watts S, van’t Hof E, Ramia JA, Heim E, et al. Step-

by-Step: a new WHO digital mental health intervention for depression. Mhealth. 

2018;4.  

17.  Istepanian RSH, Jovanov E, Zhang YT. Guest editorial introduction to the special 

section on m-health: Beyond seamless mobility and global wireless health-care 

connectivity. IEEE Trans Inf Technol Biomed. 2004;8(4):405–14.  



 

38 

 

18.  Fitzpatrick KK, Darcy A, Vierhile M. Delivering cognitive behavior therapy to young 

adults with symptoms of depression and anxiety using a fully automated conversational 

agent (Woebot): a randomized controlled trial. JMIR Ment Heal. 2017;4(2):e19.  

19.  Fulmer R, Joerin A, Gentile B, Lakerink L, Rauws M. Using psychological artificial 

intelligence (Tess) to relieve symptoms of depression and anxiety: randomized 

controlled trial. JMIR Ment Heal. 2018;5(4):e64.  

20.  Green EP, Pearson N, Rajasekharan S, Rauws M, Joerin A, Kwobah E, et al. 

Expanding Access to Depression Treatment in Kenya Through Automated 

Psychological Support: Protocol for a Single-Case Experimental Design Pilot Study. 

JMIR Res Protoc. 2019;8(4):e11800.  

21.  Watson PJ, Workman EA. The non-concurrent multiple baseline across-individuals 

design: An extension of the traditional multiple baseline design. Vol. 12, Journal of 

Behavior Therapy and Experimental Psychiatry. Netherlands: Elsevier Science; 1981. 

p. 257–9.  

22.  Green EP. Healthy Moms: A Journal for Pregnant Women and New Mothers. 2019.  

23.  Glaser BG. The Constant Comparative Method of Qualitative Analysis. Soc Probl 

[Internet]. 1965;12(4):436–45. Available from: http://www.jstor.org/stable/798843 

24.  X2AI. Terms of Use [Internet]. 2019. Available from: 

http://www.webcitation.org/76PYM33We 

25.  El Emam K. Methods for the de-identification of electronic health records for genomic 

research. Genome Med [Internet]. 2011 Apr 27;3(4):25. Available from: 

https://pubmed.ncbi.nlm.nih.gov/21542889 

26.  Kroenke K, Spitzer RL, Williams JBW. The PHQ-9.pdf. J Gen Intern Med. 

2001;16:606–13.  

27.  Aitken M, Lyle J. Patient Adoption of mHealth: Use, Evidence and Remaining Barriers 

to Mainstream Acceptance. [Internet]. Parsippany, NJ: IMS Institute for Healthcare 

Informatics. 2015. Available from: http://www.imshealth.com/files/web/IMSH 

Institute/Reports/Patient Adoption of mHealth/IIHI_Patient_Adoption_of_mHealth.pdf 

28.  Rost T, Stein J, Löbner M, Kersting A, Luck-Sikorski C, Riedel-Heller SG. User 

acceptance of computerized cognitive behavioral therapy for depression: systematic 



 

39 

 

review. J Med Internet Res. 2017;19(9):e309.  

29.  Arean PA, Hallgren KA, Jordan JT, Gazzaley A, Atkins DC, Heagerty PJ, et al. The 

use and effectiveness of mobile apps for depression: results from a fully remote clinical 

trial. J Med Internet Res. 2016;18(12):e330.  

30.  Luxton DD, McCann RA, Bush NE, Mishkind MC, Reger GM. mHealth for mental 

health: Integrating smartphone technology in behavioral healthcare. Prof Psychol Res 

Pract. 2011;42(6):505.  

31.  Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R, et al. Conversational 

agents in healthcare: a systematic review. J Am Med Informatics Assoc. 

2018;25(9):1248–58.  

32.  Montenegro JLZ, da Costa CA, da Rosa Righi R. Survey of conversational agents in 

health. Expert Syst Appl. 2019;  

33.  Chiu TML, Eysenbach G. Stages of use: consideration, initiation, utilization, and 

outcomes of an internet-mediated intervention. BMC Med Inform Decis Mak. 

2010;10(1):73.  

34.  Gitau S, Marsden G, Donner J. After access: challenges facing mobile-only internet 

users in the developing world. In: Proceedings of the SIGCHI Conference on Human 

Factors in Computing Systems. ACM; 2010. p. 2603–6.  

35.  Murphy GA V, Waters D, Ouma PO, Gathara D, Shepperd S, Snow RW, et al. 

Estimating the need for inpatient neonatal services: an iterative approach employing 

evidence and expert consensus to guide local policy in Kenya [Internet]. Vol. 2, BMJ 

global health. Centre for Tropical Medicine and Global Health, Nuffield Department of 

Medicine, University of Oxford, Oxford, UK.; 2017. p. e000472. Available from: 

http://europepmc.org/abstract/MED/29177099 

36.  Shambare R. The adoption of WhatsApp: breaking the vicious cycle of technological 

poverty in South Africa. J Econ Behav Stud. 2014;6(7):542–50.  

37.  Communications Authority of Kenya. FIRST quarter sector statistics report for the 

financial year 2019/2020 [internet] [Internet]. Nairobi, Kenya: Communications 

Authority of Kenya. 2020. Available from: https://ca.go.ke/wp-

content/uploads/2019/12/Sector-Statistics-Report-Q1-2019-2020.pdf 



 

40 

 

38.  Simons LPA, van den Heuvel WAC, Jonker CM. eHealth WhatsApp Group for Social 

Support: Preliminary Results. In: Bled eConference. 2018. p. 28.  

39.  Bauer M, Glenn T, Monteith S, Bauer R, Whybrow PC, Geddes J. Ethical perspectives 

on recommending digital technology for patients with mental illness. Int J bipolar 

Disord [Internet]. 2017/02/07. 2017 Dec;5(1):6. Available from: 

https://pubmed.ncbi.nlm.nih.gov/28155206 

40.  Kretzschmar K, Tyroll H, Pavarini G, Manzini A, Singh I, Group NYPA. Can your 

phone be your therapist? Young people’s ethical perspectives on the use of fully 

automated conversational agents (chatbots) in mental health support. Biomed Inform 

Insights. 2019;11:1178222619829083.  

41.  Martinez-Martin N, Kreitmair K. Ethical issues for direct-to-consumer digital 

psychotherapy apps: addressing accountability, data protection, and consent. JMIR 

Ment Heal. 2018;5(2):e32.  

42.  WHO. Mental Health Atlas-2014. Geneva; 2015.  

43.  Marquez P V, Saxena S. Making Mental Health a Global Priority. Cerebrum [Internet]. 

2016 Jul 1;2016:cer-10-16. Available from: https://pubmed.ncbi.nlm.nih.gov/28058091 

44.  Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for 

mHealth? A systematic review of economic evaluations of mHealth solutions. PLoS 

One. 2017;12(2):e0170581.  

45.  Olff M. Mobile mental health: a challenging research agenda. Eur J Psychotraumatol. 

2015;6(1):27882.  

 

 


