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Abstract

Background

Schizophrenia is a leading cause of disability, and a shift from facility- to community-based

care has been proposed to meet the resource challenges of mental healthcare in low- and

middle-income countries. We hypothesized that the addition of mobile texting would improve

schizophrenia care in a resource-poor community setting compared with a community-

based free-medicine program alone.

Methods and findings

In this 2-arm randomized controlled trial, 278 community-dwelling villagers (patient partici-

pants) were randomly selected from people with schizophrenia from 9 townships of Hunan,

China, and were randomized 1:1 into 2 groups. The program participants were recruited

between May 1, 2015, and August 31, 2015, and the intervention and follow-up took place

between December 15, 2015, and July 1, 2016. Baseline characteristics of the 2 groups

were similar. The patients were on average 46 years of age, had 7 years of education, had a

duration of schizophrenia of 18 years with minimal to mild symptoms and nearly one-fifth

loss of functioning, and were mostly living with family (95%) and had low incomes. Both the

intervention and the control groups received a nationwide community-based mental health
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program that provided free antipsychotic medications. The patient participants in the inter-

vention group also received LEAN (Lay health supporters, E-platform, Award, and iNtegra-

tion), a program that featured recruitment of a lay health supporter and text messages for

medication reminders, health education, monitoring of early signs of relapses, and facilitated

linkage to primary healthcare. The primary outcome was medication adherence (proportion

of dosages taken) assessed by 2 unannounced home-based pill counts 30 days apart at the

6-month endpoint. The secondary and other outcomes included patient symptoms, function-

ing, relapses, re-hospitalizations, death for any reason, wandering away without notifying

anyone, violence against others, damaging goods, and suicide. Intent-to-treat analysis was

used. Missing data were handled with multiple imputations. In total, 271 out of 278 patient

participants were successfully followed up for outcome assessment. Medication adherence

was 0.48 in the control group and 0.61 in the intervention group (adjusted mean difference

[AMD] 0.12 [95% CI 0.03 to 0.22]; p = 0.013; effect size 0.38). Among secondary and other

outcomes we noted substantial reduction in the risk of relapse (26 [21.7%] of 120 interven-

tional participants versus 40 [34.2%] of 117 controls; relative risk 0.63 [95% CI 0.42 to 0.97];

number needed to treat [NNT] 8.0) and re-hospitalization (9 [7.3%] of 123 interventional par-

ticipants versus 25 [20.5%] of 122 controls; relative risk 0.36 [95% CI 0.17 to 0.73]; NNT

7.6). The program showed no statistical difference in all other outcomes. During the course

of the program, 2 participants in the intervention group and 1 in the control group died. The

limitations of the study include its lack of a full economic analysis, lack of individual tailoring

of the text messages, the relatively short 6-month follow-up, and the generalizability con-

straint of the Chinese context.

Conclusions

The addition of texting to patients and their lay health supporters in a resource-poor commu-

nity setting was more effective than a free-medicine program alone in improving medication

adherence and reducing relapses and re-hospitalizations. Future studies may test the effec-

tiveness of customization of the texting to individual patients.

Trial registration

Chinese Clinical Trial Registry ChiCTR-ICR-15006053.

Author summary

Why was this study done?

• Schizophrenia is a leading cause of disability, but in low- and middle-income countries

(LMICs) the treatment gap remains high, and even when treatment is available, adher-

ence to antipsychotics is low.

• Mobile text messaging has been shown to be useful to strengthen community- and fam-

ily-based care in resource-poor settings due to its availability, reliability, and ease of use.

• However, there has been no clear evidence that texting improves treatment adherence,

symptoms, and functioning in people with schizophrenia.

Mobile texting to improve schizophrenia care
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What did the researchers do and find?

• We developed an intervention called LEAN, involving the recruitment of lay health sup-

porters; an electronic platform with mobile texting for medication reminders, health

education, and monitoring; the awarding of token gifts for positive behavioral improve-

ment, and integration of the texting with the health system.

• In this 2-arm randomized controlled trial, the control group received a free antipsy-

chotic medication program (the 686 Program) while the intervention group received

the 686 Program plus LEAN.

• We found significant improvement in medication adherence (0.48 in the control group

versus 0.61 in the intervention group) and a substantial reduction in the risks of relapse

and re-hospitalization with the intervention.

What do these findings mean?

• LEAN demonstrated a 27% improvement in adherence, which is larger than the 15%–

18% range reported in other text message interventions.

• Two unique features may have contributed to the relative superiority of LEAN: active

engagement of lay health supporters and the use of texting to connect the entire treat-

ment team from patients to lay health supporters to village doctors to psychiatrists, all in

support of the patient.

• Texting effectively addressed the low adherence at marginal cost, and LEAN’s experi-

ences may be useful for other LMICs with resource constraints.

• However, an adaptation of LEAN should fully consider some implementation details

including keeping the program simple and integrated into routine care, maintaining

low cost, and choosing existing texting platforms if available.

Introduction

Schizophrenia is a leading cause of disability, with a global prevalence of 0.4% [1] and contrib-

uting to 1.7% of total years lived with disability [2]. Schizophrenia also leads to a high eco-

nomic burden [3] and the violation of human rights due to the stigmatization of the illness [4]

and other causes. The WHO’s Mental Health Gap Action Programme (mhGAP) has identified

schizophrenia as the top priority for global action, recommending treatment with antipsy-

chotic medicines and psychosocial care [5]. However, in low- and middle-income countries

(LMICs) the treatment gap remains high [6–8], and even when treatment is available, adher-

ence to antipsychotics is low compared with adherence to drugs for other diseases because of

patients’ lack of insight into their illness, their forgetfulness due to cognitive impairment, and

side effects that are often associated with schizophrenia [9,10]. In LMICs, with limited mental

health facilities and the healthcare workforce concentrated in large urban centers, the scarcity,

inequity, and inefficiency of mental health resources present challenges [11,12]. As a result,

there is a broad consensus for collaborative stepped care that emphasizes community- and

family-based treatment, task sharing among human resources, and integrating mental health

into existing primary healthcare [5,7,13].

Mobile texting to improve schizophrenia care
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In community- and family-based healthcare, mobile health (mHealth) has gained increas-

ing traction [14–16]. With the proliferation of mHealth studies, there is a tendency to pursue

“advanced” and often complicated mHealth solutions instead of simple but reliable methods

that may work better among poorly educated populations in low-resource settings. Short mes-

sage service (SMS) text messaging, or texting, as a simple and technologically reliable method,

has been shown to be particularly useful in resource-poor settings due to its wide availability,

reliability, ease of use, and relatively low cost [15,17]. Since the first publication of studies

involving texting for health in 2002 [18,19], text messaging has been found to benefit diabetes

self-management, weight loss, physical activity, smoking cessation, and medication adherence

to antiretroviral therapy [17,20]. For people with serious mental disorders such as schizophre-

nia, texting has been used in 4 areas of application: reminders for medication and clinical

appointments [21,22], information dissemination, supportive messaging, and self-monitoring

procedures [15]. However, despite the recent proliferation of text messaging, there has been

no clear evidence that technology-based prompts improve treatment adherence, symptoms, or

functioning in people with schizophrenia [23,24]. Most studies to date have been small pilot

studies that focused on feasibility rather than health outcomes [25,26], were primarily con-

ducted in high-income countries [15,25], did not include informal caregivers (who often play

important roles in schizophrenia management) [27], and often served as a stand-alone inter-

vention not integrated with the health system [28]. Also, these studies paid insufficient atten-

tion to user evaluation and appreciation of the program [20] and to establishing a theoretical

basis or working mechanism for the mobile intervention [29].

The LEAN intervention was intended to address some of the insufficiencies of the previous

trials mentioned above and to have broad applicability for resource-poor settings in LMICs.

This study was conducted as a pragmatic trial to test our primary hypothesis that lay health

supporters (family members of the patients or community volunteers) aided by a simple text-

ing system would increase patient adherence to antipsychotic medications, and improve symp-

toms and functioning in a community-based cohort of patients.

Methods

Study design and participants

We designed a 2-arm individually based randomized controlled trial. Details of the study

design, methods, and analysis plan have previously been published as a study protocol [30].

The trial was prospectively registered in the Chinese Clinical Trial Registry (ChiCTR-ICR-

15006053). Individual rather than cluster design was used as the likelihood of contamination

or spillover effects of the intervention was considered minimal due to the private nature of our

texting and tendency of patients and their families in rural China not to discuss mental condi-

tions publicly. The study recruited and followed-up the patients between May 1, 2015, and July

1, 2016, in 9 rural townships (population 356,900) of Liuyang Municipality, Hunan Province,

in central China.

We applied minimal inclusion and exclusion criteria [30]. The inclusion criteria were (1)

being community-dwelling, (2) being an enrollee of the National Continuing Management and

Intervention Program for Psychoses, known as the “686 Program,” (3) having a primary diag-

nosis of schizophrenia, (3) being on oral psychotropic medications, and (4) physically residing

in 1 of 9 rural townships of Liuyang Municipality. People were excluded if they (1) were hospi-

talized due to schizophrenia at the time of recruitment (our intervention required sustained

community residence), (2) had missed the most recent 3 consecutive past drug refills (in this

case, they had de facto dropped out of the 686 Program), or (3) were physically incapable of

using voice and text messaging (hearing and/or vision impairment prevented the use of our
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intervention). Trial participants were selected by simple random sampling from the 686 Pro-

gram registry, which included almost all known villagers diagnosed with schizophrenia in

Liuyang. The diagnosis of schizophrenia in the 686 Program used ICD-10 [31]. Trained inter-

viewers obtained written informed consent from both the patient and the lay health supporters.

Procedures

The development of the intervention, LEAN (Lay health supporters, E-platform, Award, and

iNtegration), was guided by theory, empirical evidence, and our trial and error. In early 2015,

challenged by low medication adherence among 686 Program enrollees, we piloted a program

in rural Liuyang that tasked “village doctors” (paraprofessionals with rudimentary medical

training) to directly deliver and monitor medication ingestion in patient homes [32]. However,

the village doctors were already overburdened and had neither the time nor the incentive to

take on more work. After rounds of consultation with policy-makers, clinicians, and patients

and their families, we reached a consensus that only a low-cost, low-burden, easy-to-imple-

ment, and easy-to-use intervention was acceptable. Subsequently, following an adapted health

belief model (HBM) [33], we selected individual components of LEAN from empirical litera-

ture on “task sharing,” medication adherence, and mHealth to improve patient adherence to

medication. According to the HBM, people with schizophrenia may adhere to medications if

they are properly “cued” to action (e.g., by prompts from the LEAN text messages and the lay

health supporters to take medications) after weighing the net benefits of the medication against

the perceived threat of schizophrenia (e.g., LEAN texted messages to improve patients’ under-

standing of the benefits of medication and the consequences of not controlling schizophrenia,

and to enhance their handling of relapse and side effects) (details elsewhere [30]).

The acronym LEAN summarizes the 4 program components: Lay health supporters, E-plat-

form, Award, and iNtegration. A lay health supporter was selected from the patient family or

the community, who followed phone-texted instructions to perform simple tasks: supervising

patient medication, monitoring side effects and relapse, and facilitating urgent care. We

approached the people in the following order in identifying the lay health supporters: (1) the

main family caregivers registered on the 686 Program registry, (2) family members accompa-

nying the patients to collect medication refills, (3) family members nominated by the patients,

and (4) community volunteers nominated by the mental health administrator with the agree-

ment from the patients. The e-platform (an existing commercial telemarketing system) texted

2 daily messages to both the patients and their lay health supporters: a message at 9:00 AM

with educational information on schizophrenia and a reminder at 7:00 PM to take medicine

(see S2 Appendix for sample messages). All messages were phrased to be caring, polite, and

personal as those characteristics were patient-preferred. To reduce user fatigue, the medication

reminder was embedded in a message about local weather and news (e.g., “Good evening.

Tomorrow: Sunny, 23 degrees. Go out and enjoy the Temple Fairs in ABC village. Please text 1

after taking medicine.”). We also sent occasional messages with a 14-item checklist for early

signs of relapse [34] and medication side effects. The lay health supporter was expected to text

back “1” if any item was checked, to which a project coordinator would follow up with a phone

call. A group of master’s and doctoral students in public health and medicine were tasked to

produce the messages, mainly adapting contents from evidence-based sources. A senior psy-

chiatrist reviewed and approved messages for use. Every week our project coordinator pre-

pared a texting report based on the messaging server data that included a list of families who

texted back more frequently than the past month to confirm the taking of medication. The

mental health administrators used the lists to award this improvement with a token gift such

as a bar of soap and a congratulatory text message on a monthly basis. Finally, text messaging
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also served as a communication tool that integrated the efforts of lay health supporters into the

existing health system—one example of this being an arrangement between village doctors, the

project coordinator, and patients’ psychiatrists that if signs of relapse were detected, village

doctors were texted to assess severity and the project coordinator then scheduled an appoint-

ment with the psychiatrist and texted appointment details to the patient’s family.

The patients in the intervention group and their lay health supporters received training in

preparation for LEAN. The lay health supporters received a brief introduction of their respon-

sibilities and roles at the time of recruitment, a demonstration on phone use (for those who

had not had a phone and were given a free phone), and continued training through our text

messages on how to provide patient care and seek professional help. The patients were evalu-

ated for their ability to use 3 basic phone functions: turning the phone on/off, charging the

phone, and reading/returning text messages. The patients in need of training received up to 3

sessions (20 minutes per session) of hands-on demonstration on how to use their phones

(details elsewhere [35]).

After a 3-month pilot of LEAN, we made several design and implementation changes.

Among the major changes, we decided to text medication reminders to both the lay health

supporters and the patients rather than the patients alone, and to use an existing telemarketing

platform rather than the one we developed on our own (the existing platform was less expen-

sive, easier to implement, and technologically more sophisticated).

While the intervention group received the 686 Program plus LEAN, the control group

received the 686 Program alone. The 686 Program is a national public program covering 5.4

million people with psychosis in China, three-fourths of whom are people with schizophrenia

[36]. Despite some local variations, the basic structure of the 686 Program remains the same

across the country. In Liuyang, a psychiatrist served as the full-time program director, sup-

ported by 2 other psychiatrists and several staff members working part-time (the psychiatrists

were internists who converted their roles through on-the-job training). The psychiatrists

together with several staff members traveled every 2 months to each township health center

(THC) to provide patient consultations and free medication. The township mental health

administrators, supervised by both the psychiatrists and the local THCs, coordinated the work

of the village doctors to provide regular services, which included yearly physical exams, assess-

ment of risk level,�4 home visits throughout the year, health education, and urgent care.

Randomization and masking

The 686 Program registry included as high a proportion of villagers with schizophrenia as possi-

ble. We first selected 400 names from the registry with simple random sampling. Then we

applied inclusion and exclusion criteria to this group and recruited those eligible after obtaining

their informed consent. After the patients were recruited, a statistician not otherwise associated

with the project allocated participants (1:1) by simple randomization to receive either the 686

Program plus LEAN (intervention group) or the 686 Program alone (control group). It was not

possible to blind the program participants to allocation. However, outcome assessors were blind

to group assignment and were physically separated from the program implementation team,

which operated LEAN and monitored user experiences. The psychiatrists were also blind to the

allocation status of participants. If unmasking occurred inadvertently during assessment, this

was to be reported immediately, and a make-up assessment scheduled with separate assessors.

Outcomes

Our published trial protocol provided details on measurements [30]. In brief, the primary out-

come was a score of adherence to antipsychotic medications—the proportion of dosages taken
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over the past 30 days. The measurement was primarily based on unannounced home-based

pill counts [37], and we followed the consensus guideline of including both objective and sub-

jective measures when assessing adherence [38–40]. The pill counts were unannounced to

minimize a potential “Hawthorne effect” [41]. To obtain 1 measurement of adherence, our

evaluators made 2 home-based pill counts 30 days apart at the fifth month and the sixth

month, and the difference between the 2 counts was considered the number of pills taken. We

developed specific procedures to handle multiple bottles, discarded pills, and additionally

acquired pills in between the 2 counts. The number of pills prescribed for that period was

obtained from the 686 Program medication prescribing system. Adherence was calculated as

(number of first count − number of second count + number of additional pills obtained

− number of pills discarded)� (number of pills prescribed). The counts were unannounced in

the sense that although patients knew we would assess their adherence, they did not know on

which home visit we would count pills, as village doctors scheduled those visits with the 686

Program routine visits whenever possible. To supplement pill counts, we also measured adher-

ence through adherence rating scales (Brief Adherence Rating Scale [BARS] [42] and the Drug

Attitude Inventory–10 [DAI-10] [43]) and medication refill records. We did not use electronic

medicine caps to measure adherence as they provide a form of adherence intervention in

themselves and do not improve the accuracy of measurement above that of unannounced pill

counts. Due to resource constraints, we used refill records, DAI-10, and BARS instead of pill

counts for the measurement of the baseline adherence. The rationale, validity, and details of

our methods to measure adherence to antipsychotics in LEAN were published and are publicly

available elsewhere [44]. Secondary outcomes were patient symptoms measured by the Clinical

Global Impression (CGI) for schizophrenia (which includes 2 scales: CGI–Severity and CGI–

Improvement) [45] and patient functioning measured by the WHO Disability Assessment

Schedule 2.0 (WHODAS) [46]. The 686 Program psychiatrists administered CGI on patients,

and the trained public health master’s and doctoral students assessed adherence and function-

ing. Outcomes were assessed at baseline and 6 months. The 686 Program registry provided

additional data on patient attendance for clinical appointments, relapses (defined as an overall

and marked increase in symptoms assessed by the health professionals through interviewing

patients and family members according to the 686 Program protocol), re-hospitalization due

to schizophrenia, and incidence of death for any reason, wandering, violence against others,

damaging goods, and suicide. We also captured information on program cost and user experi-

ences from various program operation channels and patient surveys. At baseline, we used the

Glasgow Antipsychotic Side-effect Scale (GASS) to assess patient-reported side effects of anti-

psychotics, but we did not assess side effects as an outcome during follow-up due to a program

administrative mishap. All data were double-entered into and managed by REDCap, a web-

based secured data management tool [47].

Statistical analysis

Using adherence data based on the clinician impression from the 686 Program management

system, we determined that an increase of medication adherence from 0.72 to 0.85 (SD 0.33)

would be a minimally important difference after consultation with 686 Program policy-mak-

ers. Following a standard procedure for a hypothesis of equal population means based on t
test, we calculated that a total sample size of 258 participants (129 per group) would have 85%

power to detect an increase of medication adherence from 0.72 to 0.85, assuming a 5% type I

error and 10% attrition. All analyses including the subgroup analyses were conducted as pre-

specified in the protocol [30]. Statistical package R was used.
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We first performed a descriptive analysis of the data: sociodemographic information, key

covariates, and outcomes at baseline were compared between the intervention and control

groups to assess the randomization and participant characteristics. For the analysis of the pro-

gram effect, intent-to-treat analysis was used for all participants. Missing outcomes were

imputed based on demographic information and some other outcomes using the R package

MICE [48], and 10 sets of data for each outcome were imputed (S1 Appendix). We used a

semi-parametric generalized estimating equation (GEE) model to analyze program effect on

adherence, symptoms, and functioning (i.e., medication adherence scores, WHODAS scores,

and CGI–Severity scores, respectively) at the endpoint. We used GEE instead of analysis of

covariance (ANCOVA) as initially proposed on our protocol due to a potential violation of the

normal distribution assumption required for ANCOVA. Adherence analysis was adjusted for

baseline adherence, WHODAS, and CGI scores; substance use; medication side effects; and

family supervision, all of which are empirically suggested strong baseline predictors of adher-

ence and pre-specified in our protocol. WHODAS and CGI analyses were adjusted for baseline

WHODAS and CGI scores, respectively. We used the same GEE models for the analyses of 2

subgroups identified by medication refill adherence over the past year at baseline (people who

collected all 6 refills were considered adherent, and those who missed any of the 6 refills were

considered nonadherent) and functioning (cutoff at 0.22). To enable cross-study comparison,

we calculated the program effect size as Cohen’s d [49].

Ethical approval

The study protocol was approved by the institutional review boards of the University of Wash-

ington (49464 G) in Seattle, Washington, US, and Central South University (CTXY-150002-6)

in Hunan, China. All patients and lay health supporters in this study gave their written

informed consent before taking part in the study.

Results

Participant profile

Fig 1 shows the trial profile. Due to a higher rate of signing up to the program than expected,

we recruited 278 patients out of the 400 candidates randomly selected from the 686 Program

registry, slightly more than what we had planned. These 278 enrolled patients were random-

ized 1:1 into the intervention and control groups. Among the 400 candidates we approached

to recruit, 12 people refused the enrollment, among whom most did not provide specific rea-

sons for refusal; 56 (14%) did not satisfy our inclusion/exclusion criteria (e.g., some were not

eligible as their primary diagnosis was epilepsy or another mental condition rather than

schizophrenia); and 54 were not successfully contacted for consent due to various reasons

(e.g., wrong contact information in the registry or not available/present at the time of our

recruitment visits). The recruitment of the program participants occurred between May 1,

2015, and August 31, 2015, and the program was piloted from September 1 to November 30,

2015. The official intervention and follow-up took place between December 15, 2015, and July

1, 2016. Six participants (4%) from the intervention group and 1 (0.7%) from the control

group were lost to follow-up at the 6-month assessment. No outcome interviews were un-

masked throughout the trial. The sociodemographic and clinical profiles were comparable

between the intervention and control groups at baseline (Table 1) (see S3 Appendix for free

medications dispensed by the 686 Program). The patients were on average 46 years of age,

had 7 years of education, had a duration of schizophrenia of 18 years with minimal to mild

symptoms and nearly one-fifth loss of functioning, and mostly lived with family (95%) and

had low incomes. Each patient in the intervention group was successfully assigned a lay health
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supporter: 80.6% of the lay health supporters were family members (mostly spouses and

parents), and the remaining were community volunteers (Table 1).

Process indicators

We collected a range of process indicators related to training, program implementation, user

experiences, and content of family care. For training, we were able to assess 103 out of the 139

patients in the intervention group for their ability to use the phone: 72 (69.9%) patients were

deemed in need of training, and 62 patients subsequently received the training. In total, 29

(46.8%) trainees were capable of using the 3 phone functions (turning the phone on/off, charg-

ing the phone, and reading/returning text messages) after the training (more details elsewhere

[35]). Information on phone ownership and maintenance, the frequency of phone number

changes, and users’ experiences and satisfaction are summarized in Table 2. In total, 58

(41.7%) patients and one-fifith of lay health supporters did not have a phone and received a

free phone with US$15 prepaid data. In total, 62 out of 63 patients and 77 out of 77 lay health

supporters expressed satisfaction with the program, although we cannot conclude that the par-

ticipants were overall satisfied due to a large amount of missing data (Table 2). Following the

same protocol, 8 master’s and doctoral students in public health produced a total of 237 educa-

tional text messages that covered self-care, medications, symptoms, relapse prevention, reha-

bilitation, and social resources; 2 messages on relapse signs and medication side effects; and

about 150 unique messages of reminders (S2 Appendix). Overall, 27.0% of the families (lay

Fig 1. Trial profile.

https://doi.org/10.1371/journal.pmed.1002785.g001
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Table 1. Baseline characteristics.

Characteristic Count (%) or mean (SD)

Intervention (n = 139) Control (n = 139)

Patients

Female 77 (55.4%) 77 (55.4%)

Married 87 (62.6%) 90 (64.8%)

Employed 44 (31.7%) 48 (34.5%)

Living alone 7 (5.0%) 6 (4.3%)

Age (years) 46.5 (12.65) 45.5 (12.72)

Education (years) 7.4 (3.28) 7.1 (3.22)

Literatea 121 (87.1%) 126 (90.6%)

Patient income last month (RMB)b 66 (0–500) 95 (0–800)

Family annual income (RMB)b 20,000 (10,000–50,000) 20,000 (10,000–50,000)

Duration of schizophrenia (years) 17.5 (10.36) 18.4 (10.82)

Caregivers/lay health supportersc

Female 67 (48.2%) 67 (48.2%)

Age (years) 45.4 (12.75) 44.5 (12.49)

Employed 76 (54.7%) 62 (44.6%)

Family member of the patient 112 (80.6%) 109 (78.4%)

Married 77 (55.4%) 76 (54.7%)

Patients’ health profile

Medication adherenced

Refill recorde 0.75 (0.30) 0.71 (0.34)

Drug Attitude Inventory–10 (DAI-10)f 0.65 (0.20) 0.68 (0.20)

Brief Adherence Rating Scale (BARS)g 0.73 (0.18) 0.70 (0.20)

Clinical Global Impression (CGI)–Severityh 2.95 (1.66) 3.09 (1.70)

WHO Disability Assessment Schedule 2.0 (WHODAS)i 0.18 (0.19) 0.19 (0.18)

Glasgow Antipsychotic Side-effect Scale (GASS)j 9.47 (6.66) 8.59 (8.02)

Top 5 antipsychotics prescribed

Clozapine 48/136 (35.3%) 45/133 (33.8%)

Risperidone 46/136 (33.8%) 43/133 (32.3%)

Quetiapine 26/136 (19.1%) 25/133 (18.8%)

Sulpiride 21/136 (15.4%) 25/133 (18.8%)

Perphenazine 12/136 (8.8%) 15/133 (11.3%)

aLiterate: defined as no less than 3 years of primary school education.
bIndicated as median (IQR). RMB, renminbi.
cFor the intervention group, these caregivers were recruited as “lay health supporters.”
dPer our research protocol, medication adherence measured by 2 unannounced home pill counts 30 days apart at

endpoint was used for the analysis of program effect; however, pill counts were not performed at baseline. Instead,

refill records and 2 rating scales were used at baseline.
eAdherence by refill record was calculated as a cumulative medication possession ratio (0%–100%) over 1 year, i.e.,

number of days medication obtained over 365 days divided by 365 days.
fDAI-10 adherence was originally from −10 to +10 (higher scoreequals more positive attitude toward medication),

which was rescaled to be 0 to 1.
gBARS adherence is self-reported percentage of dosages taken over the past month.
hHigher scores of CGI–Severity indicate worse symptoms (possible range 1–7).
iWHODAS scores indicate the proportion of functioning lost.
jGASS scores indicate patient-reported side effects of antipsychotics: 0–21, no/mild side effects; 22–42, medium side

effects; 43 and above, serious side effects.

https://doi.org/10.1371/journal.pmed.1002785.t001
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health supporters and/or patients) responded to the medication reminders by texting back “1”

every day; 47.0% responded at least once per week. Over the 6 months of follow-up, LEAN

cost a total of RMB 53,500 (US$7,926) for the 139 patient participants and 139 lay health sup-

porters in the intervention group, which included RMB 19,000 (US$2,815) for texting fees,

RMB 7,600 (US$1,126) for the message development, RMB 4,800 (US$711) for the message

management, RMB 10,000 (US$1,481) for the 77 phones provided to the patients and the lay

health supporters, and RMB 9,000 (US$1,333) for the additional time cost for the health

workers.

Primary outcome: Adherence

We note strong evidence of an intervention effect on adherence to antipsychotic medications.

Medication adherence measured by the unannounced home-based pill counts was 27% greater

in the intervention group (0.61) than in the control group (0.48) (adjusted mean difference

[AMD] 0.12 [95% CI 0.03 to 0.22]; p = 0.013; effect size 0.38; Table 3; Fig 2). Our study was

Table 2. User experiences in the intervention group.

Experience Patients (n = 139)a Lay health supporters (n = 139)b

Phone status

Used a smartphone 33/114 (29.0%) 35/105 (33.3%)

Free phone given by LEAN 58/139 (41.7%) 19/139 (13.7%)

Changed phone numbers over past 2 months 13/105 (12.4%) 92/100 (92.0%)

Phones fully functioning at endpoint 77/99 (77.8%) 92/100 (92.0%)

User evaluation at endpoint

Overall satisfied with the program 62/63 (98.4%) 77/77 (100.0%)

Willing to continue receiving messages 52/57 (91.2%) 80/85 (94.1%)

Messages very useful 61/103 (59.1%) 47/78 (60.3%)

Messages bothered you 4/63 (6.3%) 9/84 (10.7%)

Time of texting appropriate 57/62 (91.9%) 70/77 (90.9%)

Frequency of texting appropriate 53/61 (86. 9%) 66/79 (83.5%)

Length of messages appropriate 59/60 (98.3%) 71/77 (92.2%)

Most useful part of the messages

Treatment and medication education 10/59 (17.0%) 18/73 (24.7%)

Family care in schizophrenia 5/86 (8.5%) 8/73 (11.0%)

Medication reminders 27/59 (45.8%) 39/73 (53.4%)

Local news 2/59 (3.4%) 1/71 (1.4%)

Weather forecast 15/59 (25.4%) 7/73 (9.6%)

User capability assessed at endpoint

Able to navigate phone to read messages 52/73 (71.2%) 74/88 (84.1%)

Able to reply to messages 38/73 (52.1%) 55/86 (64.0%)

Did not understand messages 12/68 (17.7%) 44/90 (4.9%)

Some physical disability that prevents using a phone 12/65 (18.5%) 9/84 (10.7%)

User experiences assessed at endpoint

Always received messages last month 44/71 (62.0%) 65/84 (77.4%)

Always or often read messages 39/71 (54.9%) 65/85 (76.5%)

Frequently replied to texted reminders 15/67 (22.4%) 27/85 (31.8%)

Were concerned about the cost of messages 7/64 (10.9%) 4/83 (4.8%)

aPatients: the patients in the intervention group of the program.
bLay health supporters: the lay health supporters for the participants in the intervention group.

https://doi.org/10.1371/journal.pmed.1002785.t002
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underpowered to detect treatment interaction with baseline adherence (p for interaction 0.99),

although we found a similar intervention effect on adherence within the subset who were non-

adherent at baseline (mean adherence at endpoint 0.59 in the intervention group versus 0.46

in the control group; AMD 0.13 [95% CI 0.00 to 0.25]; p = 0.047; effect size 0.36; Table 3; Fig

2), while the program effect attenuated for the baseline adherent group (AMD 0.08 [95% CI

-0.06 to 0.22]; p = 0.265). In total, 59 out of 278 participants (21.22%) had missing outcomes

(S1 Appendix). Meanwhile, the participants in LEAN attended a mean of 83% of scheduled

clinical appointments, higher than the 76% in the control group (p = 0.066).

Table 3. Primary and secondary outcomes at 6 months.

Measure Mean (SD) or n/N (%) Mean difference (95% CI) or relative risk (95% CI) p-Value

Intervention (n = 139) Control (n = 139)

Primary outcome

Pill-count adherencea 0.61 (0.34) 0.48 (0.35) 0.12 (0.03 to 0.22)b 0.013

Other adherence measurements

DAI-10c 0.68 (0.20) 0.67 (0.22) 0.02 (−0.05 to 0.08) 0.67

BARSd 0.71 (0.21) 0.68 (0.23) 0.03 (−0.04 to 0.10) 0.37

Refill recorde 0.83 (0.28) 0.76 (0.34) 0.04 (−0.01 to 0.10) 0.12

Secondary outcomes

WHODASf 0.12 (0.15) 0.15 (0.19) −0.03 (−0.07 to 0.01)b 0.117

CGI–Severityg 2.84 (1.37) 2.76 (1.24) 0.11 (−0.21 to 0.42)b 0.514

Negative 2.94 (1.46) 2.98 (1.43) 0.02 (−0.29 to 0.32) 0.908

Positive 2.70 (1.62) 2.67 (1.55) 0.17 (−0.14 to 0.49) 0.277

Depression 2.31 (1.29) 2.11 (1.26) 0.75 (−0.15 to 0.30) 0.517

Cognition 2.86 (1.50) 2.85 (1.44) 0.07 (−0.22 to 0.36) 0.617

CGI–Improvementh 3.09 (1.15) 3.02 (1.08) 0.03 (−0.25 to 0.30) 0.848

Other outcomes from the “686 Program”i

Relapsej 26/120 (21.7%) 40/117 (34.2%) 0.63 (0.42 to 0.97) 0.033

Re-hospitalization due to schizophrenia 9/123 (7.3%) 25/122 (20.5%) 0.36 (0.17 to 0.73) 0.004

Death for any reason 2/139 (1.4%) 1/134 (0.8%) 1.93 (0.18 to 21.01) 0.590

Substance abuse 14/133 (10.5%) 13/127 (10.2%) 1.028 (0.50 to 2.10) 0.939

Suicide 0/139 (0%) 0/139 (0%) — —

Self-harm 0/139 (0%) 0/139 (0%) — —

Wandering 2/138 (1.5%) 2/134 (1.5%) 0.97 (0.14 to 6.79) 0.976

Violence against others 1/137 (0.7%) 2/134 (1.5%) 0.49 (0.04 to 5.33) 0.557

Damaging goods 2/138 (1.5%) 5/134 (3.7%) 0.39 (0.08 to 1.97) 0.252

aProportion of antipsychotic dosages taken over the past month assessed by unannounced home-based pill counts (possible range 0–1).
bAdjusted mean difference.
cDrug Attitude Inventory–10 (DAI-10) adherence was originally from −10 to +10 (higher score = more positive attitude toward medication), which was rescaled to be 0

to 1.
dBrief Adherence Rating Scale (BARS) is self-reported proportion of dosages taken over the past month.
eRefill record adherence is number of days medication obtained over past 182 days divided by 182 days.
fWHO Disability Assessment Schedule 2.0 (WHODAS): proportion of functioning lost (possible range 0–1).
gClinical Global Impression (CGI)–Severity: Higher scores indicate worse symptoms (possible range 1–7).
hCGI–Improvement indicates degree of change in symptoms (1 = very much improved; 2 = much improved; 3 = minimally improved; 4 = no change; 5 = minimally

worse; 6 = much worse; 7 = very much worse).
iThese outcomes were tracked by the 686 Program administrative system on a routine basis. There was a small number of missing data.
jRelapse is defined as an overall and marked increase in symptoms as reassessed by health professionals through interviewing patients and family members.

https://doi.org/10.1371/journal.pmed.1002785.t003
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Secondary outcomes: Functioning and symptoms

There was slightly less loss of functioning in the intervention group than in the control group,

though the difference was not statistically significant (mean WHODAS score 0.12 in the inter-

vention group and 0.15 in the control group; AMD −0.03 [95% CI −0.07 to 0.01]; p = 0.117;

effect size 0.18; Fig 2). There is, however, evidence of effect modification with baseline medica-

tion adherence (p for interaction 0.08): For the subset with good medication adherence at

baseline, the mean WHODAS score was 0.19 in the intervention group and 0.09 in the control

group (AMD −0.08 [95% CI −0.15 to −0.01]; p = 0.017; effect size 0.57; Fig 2); however, there

was no significant difference in patient functioning between the groups for the subset with

poor baseline adherence (AMD 0.01 [95% CI −0.04 to 0.07]; p = 0.603; Fig 2). We did not note

any significant improvement in the severity of symptoms for the overall group or the pre-spec-

ified subgroups (Fig 2).

Other outcomes

There was strong evidence of a substantial reduction in the risk of relapse (26 [21.7%] of 120

interventional participants versus 40 [34.2%] of 117 controls; relative risk [RR] 0.63 [95% CI

0.42 to 0.97]); number needed to treat [NNT] 8.0 [95% CI 4.2–85.2]) and the risk of re-hospi-

talization (9 [7.3%] of 123 interventional participants versus 25 [20.5%] of 122 controls; RR

0.36 [95% CI 0.17 to 0.73]; NNT 7.6 [95% CI 4.6–21.3]) with the intervention (Table 3).

Fig 2. Subgroup analysis. aAdherence endpoint is proportion of antipsychotic dosages taken over a month assessed by 2 unannounced home-based pill counts

30 days apart at 6 months (possible range 0–1). bWHODAS endpoint is WHO Disability Assessment Schedule 2.0, indicating proportion of loss of functioning

at 6 months (possible range 0–1). cCGI endpoint is Clinical Global Impression–Severity assessed at 6 months (possible range 1–7). dAdherence (baseline) is

based on medication refill adherence over the past year at baseline: people who collected all 6 refills were considered adherent, and those who missed any of the

6 refills were considered nonadherent.

https://doi.org/10.1371/journal.pmed.1002785.g002
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Raw versus adjusted analyses

We performed a sensitivity analysis to compare the results of the program effects on adher-

ence, functioning, and symptoms with a raw analysis versus an adjusted analysis with covari-

ates and data imputation for the missing data. The results were not sensitive to the choice of

the methods, with almost identical results for adherence and functioning and a minor differ-

ence for symptoms (see S4 Appendix).

Discussion

In this study, we used a 2-arm randomized controlled trial to study the effect of mobile texting

on medication adherence, functioning, and symptoms of community-dwelling people with

schizophrenia in rural China. Our trial showed that the addition of texting to patients and

their lay health supporters in a resource-poor community setting compared with a free-medi-

cine program alone improved medication adherence (0.48 in the control group versus 0.61 in

the intervention group; effect size 0.38) and substantially reduced relapses and re-hospitaliza-

tions, but our program did not lead to significant changes in patient functioning or symptoms.

The program was also found to be generally well accepted by the patients and their families,

was relatively easy to implement and use, and added little marginal cost.

The existing evidence of the effect of texting on adherence, functioning, and symptoms is

conflicting [15]. Six randomized controlled trials were identified that used texting for people

with schizophrenia [15,50]: A recent trial in Finland (n = 1,139) showed no advantages of text-

ing on any outcomes assessed at 12 months [51], which conformed to the results of 2 earlier

trials (Netherlands [n = 62] [52]; Czech Republic [n = 146] [53]). One trial carried out in Spain

(n = 254) [54] and 2 US trials (n = 30 and n = 55) [55,56], however, found significant improve-

ment in medication adherence and some reduction in symptoms. Few studies reported ade-

quately on outcomes related to patient functioning.

We would like to discuss 4 aspects of LEAN relative to prior studies. First, LEAN demon-

strated a 27% relative improvement in adherence, which is larger than the 15%–18% range

reported in other text message interventions [27]. Meanwhile, our program improved patients’

attendance at scheduled clinical appointments. Prior studies found mixed effects of the use of

technological prompts on appointment attendance in psychological settings [57,58]. Three

unique features may have contributed to the relative superiority of LEAN: (1) active engage-

ment of the lay health supporters, (2) the varying contents of our medication reminder, which

probably reduced receivers’ fatigue compared to other studies [59], and (3) the use of texting

to connect and integrate the entire treatment team, from patients to the lay health supporters

to the village doctors to the psychiatrists, all in support of the patient. In line with the theory of

the HBM [33], text reminders and lay health supporters may have provided “cues to action” to

address forgetfulness and reluctance to take medicine [30], while the texted education may

have improved the perceived net benefits of the medications. There was improved attitude

toward medication as shown by DAI-10 score, although the action cues probably played a big-

ger role—45.8% of patients regarded text medication reminders as most useful, while only

17.0% considered educational messages most useful.

Second, like most of the 6 randomized controlled trials discussed earlier [15,50], the

improvement in medication adherence did not lead to significant reported changes in symp-

toms. Perhaps there was a ceiling effect, as the program participants in those studies and ours

on average had only mild symptoms at baseline (Table 1). It may also be possible that the low

adherence, even after LEAN, prevented the medicine from releasing its full potency. Even so,

the substantial reduction in relapses (RR 0.63) and re-hospitalizations (RR 0.36) may indicate

Mobile texting to improve schizophrenia care

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002785 April 23, 2019 14 / 21

https://doi.org/10.1371/journal.pmed.1002785


that, despite lack of effect for the whole group, there may be some program effect on symptoms

for certain subsets of patients.

Third, prior studies of texting for schizophrenia seldom reported the global functioning

level of the patients. Our program had a small and statistically insignificant effect on reported

patient functioning for the overall group (effect size 0.17; p = 0.117), but it had a medium and

significant effect for the subset with good baseline adherence (effect size 0.57; p = 0.017). As

this improvement in the subset was not accompanied by improvement in medication adher-

ence, we suspect that the text messages may have served as a rudimentary psychosocial inter-

vention that was beneficial to functioning. Earlier studies indicated even simple messages

asking “how are you?” or saying “thank you” reduced social isolation and improved function-

ing [60]. However, we should note that this subgroup effect may simply result from pure

chance.

Finally, our program appears to have achieved a good level of participant satisfaction, and

our program attrition was only 4.3%, compared with an overall rate of 20.0% (95% CI 17% to

24%) [61] in interventional trials for schizophrenia.

The trial used a waitlist control design whereby the control group would receive the inter-

vention as well once the program demonstrated benefits after the initial 6-month implementa-

tion. We suspended LEAN from August 2017 to March 2018 due to our program evaluation.

We resumed LEAN in both the original intervention and the waitlist control groups from

April to October 2018. We are now in the process of cleaning the data from this extended pro-

gram phase and will report the results in subsequent publications (program updates are avail-

able from https://www.researchgate.net/project/LEAN-Trial-Lay-Workers-mHealth-for-

Severe-Mental-Disorders).

A special issue concerning the use of clozapine is worth discussion. Over 30% of our pro-

gram participants used clozapine. Because of the close monitoring needed with this medica-

tion, the use of clozapine itself may increase treatment adherence and reduce symptoms.

However, as the use of clozapine between our intervention and control groups was balanced at

baseline (35% versus 33%) (Table 1), the use of clozapine should not lead to bias in our assess-

ment of the program effects. Further, LEAN might help improve the use of clozapine because

of the enhanced education on side effects and the facilitated communication between the

patient families and the health professionals through texting, for quicker medication adjust-

ment in between routine psychiatrists’ visits every 2 months.

Many lessons learned from this trial can be potentially useful for other LMICs that face

resource constraints. China’s 686 Program successfully implemented many WHO mhGAP

recommendations for resource-poor settings. In particular, the 686 Program in Liuyang effec-

tively removed the access barriers for antipsychotics by providing free medication routinely

and conveniently. However, adherence to antipsychotics remained a serious challenge. Our

texting intervention further improved the program by addressing the low adherence at mar-

ginal cost. Elements of LEAN may be adapted to other resource-poor settings with or without

an existing community-based program. However, adaptation of LEAN should fully consider

some implementation details including (1) keeping the program simple and integrated into

routine care [62,63] (LEAN required minimal training and leveraged existing resources such

as a commercial telemarketing platform and the 686 Program structures), (2) maintaining low

cost (LEAN cost a total of US$7,926 for the 139 patient participants and 139 lay health support-

ers), (3) having a reliable system to track changes of phone numbers (participants frequently

changed numbers [Table 3]), and (4) choosing the right phones (some cheap phones’ small

storage filled up quickly and prevented incoming messages). Furthermore, long-acting

injectable antipsychotics were not available through the 686 Program. Both the clinicians and

families perceived the injectable to be unpredictable and less safe. The 686 Program should
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develop a guideline on the use of those long-acting injectables, particularly among people with

low adherence to pills. We should also note that adherence measured by clinician impression

and refill records (the current 686 Program practice) grossly overestimated the level of adher-

ence; the use of simple scales such as DAI-10 or BARS may be considered if home-based pill

counts are not feasible [44]. Lastly, we emphasize proper training for the participants on how

to receive, read, and reply to text messages. Despite our training, at the endpoint, 28.8% of

patients still could not read the messages. To address this challenge, we sent voice messages for

some participants and simultaneously texted the lay health supporters. Our experiences cau-

tion against the use of more complicated smartphones among people with schizophrenia with

low education in LMICs.

There are several limitations to our trial. First, certain features of the 686 Program may

limit the generalizability of the findings to other parts of the world, given that other popula-

tions may have limited access to medications, or distinct cultural beliefs about the origins and

meaning of mental illness. However, the study should provide solid reference points for pro-

grams considering the use of texting and lay health supporters. Second, we investigated our

program’s cost, but we did not perform a cost-effectiveness analysis. This partially reflected the

preference of the local policy-makers for low cost rather than cost-effectiveness. Third, our

pursuit of simplicity sacrificed the ability to customize the content, frequency, and timing of

the messages to individual patients. Individual tailoring is considered more effective [15,17]

but would have significantly increased program complexity and cost. Fourth, our trial only

had a 6-month follow-up, and thus we could not determine the longer-term effects of the

intervention on adherence, symptoms, and functioning. Fifth, despite our best efforts to cap-

ture adherence, the unannounced pill count can still be subject to inaccuracy. In particular, the

number of discarded and additionally obtained pills as reported by the patients and their fam-

ily members may be inaccurate because of memory lapses or by intention. However, this possi-

ble inaccuracy may not lead to bias as its effects may be canceled out between the intervention

and control groups due to randomization. Sixth, due to a program administrative mishap, we

failed to assess medication side effects at endpoint as our protocol had specified. We thus had

no information on the effect of LEAN on medication side effects. Seventh, we could assess the

overall effects of LEAN on adherence, functioning, and symptoms, but the effects could not be

attributed to specific program elements (e.g., how much of the program’s effects can be attrib-

uted to our text medication reminders to the lay health supporters or the patients?) Eighth,

there was a possible risk of bias if family members were present during our patient assessment

in a different fashion between the 2 groups. We tried hard to stick to the same assessment pro-

tocol to reduce this risk. Finally, our program possibly missed some of the least adherent peo-

ple as we excluded those missing the 3 past medication refills. This de facto withdrawal from

the 686 Program may be for reasons such as feeling highly functioning and deciding to discon-

tinue medications, choosing to purchase medications outside of the 686 Program, or inten-

tionally or unintentionally missing refills due to sickness.

Our study points to several future directions for research. Some non-schizophrenia studies

have suggested that less frequent messages are more effective [15]. Future trials should test that

possibility. Furthermore, 33.3% of lay health supporters and 29.0% of patients used a smart-

phone. Smartphones, with their sensor technologies and apps, may have considerable potential

for improving the health of people with schizophrenia [64]. However, complicated apps may

create barriers as well, considering that 28.8% and 47.9% of our patients could not even master

the simple task of reading and replying to messages, respectively. The role of smartphones

needs to be further explored in trials. Finally, potential adverse effects of text messaging on

patients and their families should be more thoroughly investigated. Four (6.3%) patients and

10 (10.7%) lay health supporters did report texting bothered them.
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