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ABSTRACT 

Introduction The rising prevalence of chronic disease is leading to an increase in the demand for primary 

healthcare services and a shortage of primary care physicians globally. Addressing these challenges calls for 

innovations in the healthcare delivery model with greater use of healthcare technology tools. We previously 

examined the feasibility of using an automated healthcare kiosk for the management of patients with stable 

chronic disease in the primary care setting. The aim of this follow-up study is to evaluate the health outcomes of 

patients with chronic disease who are on kiosk management compared to patients who are on routine manage-

ment by nurse clinicians.   

Methods and analysis The study will be a 2-armed randomised controlled trial of 120 patients with stable 

chronic disease on 4-monthly follow-up visits over a 12-month period. Patients will be randomly assigned to 

intervention or control groups to receive kiosk or nurse management respectively. The primary outcome 

measures are the blood pressure and haemoglobin A1c levels of the patients. Secondary outcome measures are 

the proportion of patients whose disease control deteriorates over the course of the study, visit duration, patient 

satisfaction with the management process, health-related quality of life, and the occurrence of any adverse 

event. Data will be captured longitudinally at baseline, 4 months, 8 months, and 12 months. Continuous varia-

bles will be assessed by mixed-design analysis of variance with the intervention as the between-group factor and 

time as the within-subject factor. Categorical variables will be analysed by chi-squared tests. 

Ethics and dissemination The study has been approved by the Singapore Health Services (SingHealth) Cen-

tralised Institutional Review Board (2017/2715). Findings of the study will be published in peer-reviewed jour-

nals and presented at national and international conferences. 

Trial registration number ClinicalTrials.gov NCT03274089 

 

Keywords healthcare kiosk; chronic disease; primary care; randomised controlled trial 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• A novel approach using a healthcare kiosk to manage patients with stable chronic disease is examined; the 

patients are empowered to monitor and review their own health conditions with reduced dependence on 

healthcare providers. 

• Demonstrating comparable health outcomes for patients managed with a healthcare kiosk to the current 

standard of care will facilitate the adoption of the kiosk into routine clinical practice hence allowing for the 

optimal utilisation of medical resources.  

• Randomised controlled trial design minimises the risk of any selection bias. 

• Single-center study design may limit the generalisability of the study findings; however, the study will pro-

vide the preliminary data required to design a larger multi-center trial with longer term follow-up. 

• Due to the nature of the intervention, this will be an open-label trial; however objective assessments of the 

outcome measures will limit any bias. 
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INTRODUCTION 

Background and significance 

The rising burden of chronic disease is leading to an increase in the demand for primary healthcare services and 

a shortage of primary care physicians.[1, 2] By 2025, primary care physician shortage of up to 31000 is ex-

pected.[3] Addressing this shortage entails a multi-prong approach that includes innovations in healthcare deliv-

ery, greater use of healthcare technology, and more efficient use of all healthcare professionals on the care team. 

In Singapore, primary healthcare is provided by government polyclinics and private medical clinics.[4] Approx-

imately 20% of primary healthcare is provided by 18 polyclinics, while the remaining 80% is provided by 

around 2000 private medical clinics. The chronic disease load is however not distributed in corresponding pro-

portions, with almost half (45%) of patients with chronic disease being managed by the polyclinics.[5] The pol-

yclinics are therefore responsible for a significant proportion of chronic disease care in Singapore. Together 

with an aging population and physician shortages, there is a need for a transformation in the practice and deliv-

ery of primary care so as to cope with the increasing patient load. 

Patients who seek primary healthcare vary in their time and resource requirements. Patients with acute medical 

conditions or poorly-controlled chronic disease typically require more time and attention compared to patients 

with well-controlled stable chronic disease. It would therefore be useful if patient care needs can be appropriate-

ly stratified so that more time and resources are allocated to those who need it.  

At present, patients with chronic disease make regular follow-up visits to their primary care provider for as-

sessments of their chronic disease status and for changes to their medications as necessary. Patients with well-

controlled stable chronic disease may go through several visits to their primary care provider in 3 or 4-monthly 

intervals with little or no change to their medication regimen. In the polyclinics, these patients are managed by a 

nurse clinician under the Nurse Clinician Service. However, these patients will still have to routinely wait in line 

with the rest of the polyclinic crowd for a doctor or nurse consultation before getting their regular supply of 

medications. We saw the possibility of replacing some of these visits with an automated healthcare kiosk, so 

that these patients can continue on their current medications if their disease condition remained stable, without 

having to see a doctor or nurse. 

We designed and constructed an interactive self-service healthcare kiosk (Self-empowering and enabling kiosk 

– SEEK

 MyHealthKiosk) that allows patients to measure their physiological parameters (blood pressure, 
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height and weight) in a sequential manner.[6] The kiosk combines the patients’ physiological parameters and 

their recent laboratory results to classify patients into good, sub-optimal, or poorly-controlled groups. The kiosk 

then produces a result slip for the patient with instructions to continue on their current medications (for patients 

with good disease control), or to see a nurse or doctor for further management (for patients with sub-optimal or 

poor disease control). 

Using SEEK, we performed a feasibility study at a polyclinic (SingHealth Polyclinics (SHP) – Bedok).[6] One-

hundred patients with stable chronic disease were recruited for the study. These patients used a kiosk in place of 

seeing a doctor for two subsequent follow-up visits over a period of 9 months. We refined and verified the accu-

racy of the kiosk and optimised independent kiosk usage with the provision of multi-language translations in 

audio and visual forms. Patients and healthcare providers who participated in the study expressed high levels of 

acceptance and satisfaction with the use of the healthcare kiosk for chronic disease care. 

Study aims 

The aim of this follow-up study is to show non-inferiority of health outcomes for patients managed with the 

healthcare kiosk compared to the current standard of care. The primary outcome measures to be evaluated are 

the blood pressure and haemoglobin A1c (Hba1c) levels of the study patients. Secondary outcome measures are 

(1) the proportion of patients whose disease control deteriorates over the course of the study, (2) duration of 

visit, (3) patient satisfaction with the management process, (4) health-related quality of life, and (5) the occur-

rence of any adverse event. 

We hypothesise that patients with well-controlled stable chronic disease who are managed by the kiosk show 

equivalent health outcomes, with the benefit of shorter visit time, when compared to patients who are managed 

by a nurse clinician. 
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METHODS AND ANALYSIS 

Study design 

The study will be a randomised controlled equivalence trial conducted in a primary care polyclinic in Singapore 

over a duration of 12 months. Figure 1 shows the study design. 

Study population 

Patients must meet all the eligibility criteria to be enrolled in the study. Eligible patients (1) are between the 

ages of 21 and 75 years, (2) have a least one chronic medical condition: hypertension, hyperlipidemia, diabetes 

mellitus, chronic heart disease, and/or stroke, (3) have blood pressure (BP), low-density lipoprotein (LDL) and 

HbA1c levels within the recommended targets according to the Ministry of Health (MOH) Singapore clinical 

practice guidelines for their current and last follow-up visits, and (4) are able to provide informed consent. 

Ineligible patients are those who (1) have serum creatinine more than 140 mmol/L (from tests done within the 

past year), (2) have serum potassium less than 3.5 mmol/L or more than 5 mmol/L (from tests done within the 

past year), (3) have overt proteinuria (urine protein:creatinine ratio more than 0.5), (4) were discharged from 

hospital or specialist follow-up within the last 6 months, (5) have any pending laboratory results or other inves-

tigations, (6) are scheduled for laboratory investigations within the next 4 months (except for HbA1c), (7) have 

any new complaints related to their chronic medical conditions, or (8) have a known history of white coat hyper-

tension. 

Recruitment and randomisation 

Patients will be recruited when they come for their regular chronic care visit at a primary healthcare facility 

(SHP – Punggol). Eligible patients will be invited by their attending primary care provider to participate in the 

study. Patients who are agreeable to participate will provide written informed consents to a research coordinator. 

Patient demographic data (gender, age, ethnicity, education level), disease diagnoses, and recent laboratory re-

sults will be obtained from the electronic health records (EHR) of the clinic. 

Recruited patients will be given a prescription that will enable them to refill their chronic medications in 4-

monthly intervals for the next 12 months and will be randomly assigned to one of two study arms (intervention 

or control) in a 1:1 ratio (60 patients per arm) by a computerised random-number generator without stratifica-

tion. Prior to enrolment, group allocation will be concealed in opaque envelopes. Patients in both groups will be 
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reviewed at 4-monthly intervals. To encourage protocol compliance, patients will receive telephone reminders 

from the research coordinator prior to each follow-up visit. Patients in the intervention group will be evaluated 

by a healthcare kiosk while patients in the control group will be managed by a nurse clinician. Due to the nature 

of the intervention, patients will not be blinded to the group allocation. Bias will be minimised by the objective 

assessments of the outcome measures. All patients will be allowed concomitant medical care during the course 

of the study. 

Study intervention 

We previously developed an interactive self-service healthcare kiosk (self-empowering and enabling kiosk – 

SEEK

 MyHealthKiosk) that is equipped with an automated BP machine, and height and weight measuring 

devices, which allows patients to measure their own physiological parameters in a sequential manner (figure 

2).[6] The kiosk combines the patients’ physiological parameters and recent laboratory results to classify pa-

tients into good, sub-optimal, or poorly-controlled groups. The kiosk then produces a result slip for the patient 

with instructions to continue on their current medications (for patients with good disease control), or to see a 

nurse clinician or doctor for further management (for patients with sub-optimal or poor disease control, respec-

tively).  

The graphical user interface of the kiosk was developed as a web application using Active Server Pages 

(ASP).NET, with decision algorithms coded in C#, C++, JavaScript and Hyper Text Markup Language 

(HTML). Screenshots of the user interface are shown in figure 3. 

In this follow-up study, patients who are assigned to the intervention arm will be evaluated by the kiosk at 4 and 

8 months after recruitment. Patients will interact with the kiosk via a touch screen monitor. Kiosk instructions 

are available in English, Mandarin and Malay languages in visual and audio forms. Each kiosk interaction be-

gins with the scanning of the barcode of the patient’s identification card or clinic appointment card followed by 

a screening questionnaire to assess if the patient has any acute complaints that require a doctor’s consultation. 

The patient’s blood pressure, height and weight will then be taken. The research coordinator will ensure the pa-

tient performs the correct actions and is positioned correctly during physiological measurements. 
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Kiosk decision algorithm 

Based on their risk-factor profiles (table 1), patients will be stratified into very high, high, medium or low risk 

categories. Management will involve controlling the disease targets of BP, HbA1c and LDL levels according to 

the prevailing MOH clinical practice guidelines.[7]  

The latest laboratory results (LDL and HbA1c (for patients with diabetes)) of recruited patients will be retrieved 

from the EHR. Based on the answers from the screening questionnaire, combined with the BP measurements 

and laboratory results, patients will be triaged into well-controlled, sub-optimally controlled or poorly-

controlled groups according to the kiosk decision algorithm as illustrated in table 2. 

Table 1. Chronic disease risk stratification and disease targets. 

Medical conditions • Ischemic heart disease 

• Cerebral vascular acci-

dent (ischemic) 

• Peripheral vascular dis-

ease 

• DM with CKD (stage 3-

4) 

• Aortic aneurysm 

• Familial hypercholester-

olemia 

• CKD with eGFR <60 

ml/min/1.73m2 

OR DM (not both) 

 

Estimated 10-year CHD 

risk a 

 

Risk stratum 

 

 

 

Very high  

(any of the above present) 

 

>20%  

(or any of the above present) 

High 

 

10-20% 

 

Medium 

 

<10% 

 

Low 

Disease targets: 

LDL (mmol/L) 

Blood pressure(mmHg) 

 

HbA1c (%) 

 

<2.1 

<140/90  

< 140/80 (with DM) 

<7 

 

<2.6 

<140/90 

< 140/80 (with DM) 

<7 

 

<3.4 

<140/90 

 

 

 

<4.1 

<140/90 

 

 

DM, diabetes mellitus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CHD, coronary heart dis-

ease; LDL, low-density lipoprotein; HbA1c, haemoglobin A1c 
a By Framingham Risk Score based on age, smoking status, systolic blood pressure, high-density lipoprotein and total cho-

lesterol levels 
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Table 2. Kiosk decision algorithm. 

For patients with diabetes: 

Very high risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/79 140/80 – 159/99 >=160/100 

 

LDL (mmol/L)  <2.1 2.1 – 2.5 >= 2.6 

HbA1c (%) <6 6 – 7 7.1 – 8 >8 

Kiosk decision See doctor  

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

High risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/79 140/80 – 159/99 >=160/100 

 

LDL (mmol/L)  <2.6 2.6 – 3.3 >= 3.4 

HbA1c (%) <6 6 – 7 7.1 – 8 >8 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

 

For patients without diabetes: 

Very high risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

 

LDL (mmol/L)  <2.1 2.1 – 2.5 >= 2.6 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

High risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

 

LDL (mmol/L)  <2.6 2.6 – 3.3 >= 3.4 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse  

(any of the above 

present) 

See doctor 

(any of the above 

present) 

Medium risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

 

LDL (mmol/L)  <3.4 3.4 – 4.0 >=4.1 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present)  

See doctor 

(any of the above 

present) 

Low risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

LDL (mmol/L)  <4.1 4.1 – 4.8 >=4.9 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse  

(any of the above 

present) 

See doctor 

(any of the above 

present) 

Green (well-controlled) – continue current medications; orange (sub-optimally controlled) – see nurse clinician; 

red (poorly-controlled) – see doctor 

LDL, low-density lipoprotein; HbA1c, haemoglobin A1c 

 

 

Page 9 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020265 on 23 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

10 

Kiosk evaluation and triage 

The chronic disease status of a patient will be determined via physiological measurements and laboratory find-

ings as described previously. If a patient’s chronic disease condition remained well-controlled, the kiosk will 

advise the patient to continue on his or her current medications. If a patient’s chronic disease condition was sub-

optimally or poorly-controlled, the kiosk will advise the patient to consult with a nurse clinician or doctor, re-

spectively. At the end of each kiosk visit, the patient will receive a print-out that shows the physiological meas-

urements, laboratory results and kiosk decision (figure 4). The research coordinator will verify the BP meas-

urement and kiosk decision before allowing the patient to proceed with the kiosk advisory. Kiosk accuracy in 

terms of triage decisions and BP measurements will be recorded. Patients who have sub-optimal or poorly-

controlled disease will be taken out of the study and attend routine clinic consultations for their subsequent fol-

low-up visits. 

Control group 

Patients who have been assigned to the control group will be managed by a nurse clinician for their next 2 visits 

at 4 and 8 months after recruitment. These patients will be managed as per the standard clinical practice for pa-

tients with stable chronic disease on the Nurse Clinician Service. 

All patients (intervention and control groups) will be reviewed by a doctor during their final study visit 12 

months after recruitment. 

Withdrawals 

Patients may be withdrawn from the study at any time if (1) the patient makes a voluntary decision to withdraw, 

(2) the patient has a serious adverse event or develops any medical condition that makes the patient unsuitable 

for further participation in the study, or (3) the study is terminated. Patients who have withdrawn from the study 

will continue to receive standard clinical care. 

Study outcomes 

The primary outcome measures to be compared are the BP and HbA1c levels of the patients in the intervention 

and control groups. These will be assessed at baseline, 4 months, 8 months, and 12 months post-recruitment.  
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For patients in the intervention group, BP will be taken at the kiosk by an integrated automated BP machine. 

Measuring devices in the kiosk have been certified by the Health Sciences Authority of Singapore to be of an 

acceptable standard in accordance to the Health Products Act and Health Products (Medical Devices) Regula-

tions. 

For patients in the control group, BP will be taken using a validated automated digital BP monitor by a nurse 

clinician who will adhere to the American Heart Association guidelines for BP measurements.[8] At each visit, 

the patient’s BP will be established by a minimum of 2 measurements taken with at least 1-minute interval be-

tween them, and the average of these readings will be recorded. If there is a greater than 5 mmHg difference 

between the first and second readings, additional readings will be obtained and the average of the closest read-

ings will be used to represent the patient’s BP.  

For patients with diabetes, HbA1c will be measured at an on-site laboratory in the clinic. Capillary blood sam-

ples will be obtained via finger-pricks done by trained laboratory technicians as per routine clinical practice. 

The secondary outcome measures to be assessed are the proportion of patients whose disease control deterio-

rates over the course of the study, visit duration, patient satisfaction with the management process, health-

related quality of life, and the occurrence of any adverse event. Data for these variables will be collected at spe-

cific time-points during the course of the study (table 3). 

Table 3. Data collection schedule. 

Data collected Recruitment 4 months 8 months 
12 months  

(end of study) 

Primary outcome measures     

Blood pressure × × × × 

HbA1c × × × × 

Secondary outcome measures     

Poor/sub-optimal control  × ×  

Visit duration  × ×  

Satisfaction and adverse events 

questionnaire 
   × 

EQ-5D-5L questionnaire ×   × 
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The proportion of patients whose disease control deteriorates will be defined as those whose disease control 

enter the sub-optimal or poorly-controlled groups over the study period. The duration for each patient visit will 

be measured from time of registration to end of kiosk usage or nurse consultation, and will be recorded by the 

research coordinator using a stopwatch.  

Patient satisfaction and occurrence of adverse events will be assessed by a questionnaire designed for this study 

(online supplementary appendix A). Satisfaction with kiosk or nurse management will be assessed on a Likert 

scale in the following areas: convenience of visit schedule, location of kiosk or nurse consultation, appropriate-

ness of management, duration of time spent for kiosk usage or nurse consultation, and the replacement of a doc-

tor’s visit by the kiosk or nurse clinician. Qualitative feedback will be captured via free-text inputs.  

Health-related quality of life will be assessed using a validated questionnaire – the EQ-5D-5L instrument 

(online supplementary appendix B).[9]   

Data management and monitoring 

Data collected from the study will be stored electronically and as hardcopies. Electronic data will be stored in a 

password-protected computer or a thumb drive that is kept in a locked drawer in the principal investigator’s 

(PI’s) office; and hardcopy data will be stored in locked cabinets in the PI's office. Only study investigators will 

have access to the study data. 

During the course of the study, the PI will ensure adherence to the protocol and all collected data will be re-

viewed regularly for accuracy, completeness and reliability. Data safety and monitoring will be performed by 

the PI and are subject to audit and monitoring by the SHP Department of Research and the SingHealth Central-

ised Institutional Review Board (CIRB). Any adverse event or deviation from the study protocol will be report-

ed by the PI to the CIRB within the stipulated timeframe. Due to the anticipated low risk nature of the interven-

tion, there will be no independent data monitoring committee for this study. 
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Analysis 

Descriptive analysis 

Descriptive statistics will be used to summarise the baseline characteristics of the patients in the study arms. 

Continuous data will be described in terms of means and standard deviation (or median and interquartile range 

for asymmetrical data). Categorical data will be described in terms of percentages. 

Sample size estimation 

A sample size of 80 patients (40 patients per arm) is required to show equivalence in blood pressures for pa-

tients using the kiosk compared to patients seeing a nurse clinician; based on a non-inferiority margin of 10 

mmHg, a power of 80% and a significance level of 5%, assuming a standard deviation of 9.6 mmHg. To allow 

for study drop-outs, the starting sample size was set at 120.  

Statistical tests 

Analysis will be done using SPSS (Statistical Package for Social Sciences) Statistics version 23.0 with an alpha 

of .05 set a priori. The primary outcome variables of BP and HbA1c levels will be measured longitudinally over 

12 months and will be assessed by mixed-design analysis of variance with intervention as the between-group 

factor and time as the within-subject factor. Continuous variables will be compared between control and inter-

vention groups using the Student’s t-test or the Wilcoxon Mann-Whitney test. Categorical variables will be 

compared using the Pearson’s chi-square test. Data analyses will be performed on an intention-to-treat basis.[10] 
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ETHICS AND DISSEMINATION 

Research ethics approval 

The study will be conducted in accordance to the ethical principles of the Helsinki Declaration guidelines.[11]  

Ethical approval for the study has been obtained from the SingHealth CIRB and the study has been registered 

with ClinicalTrials.gov (NCT03274089). In the event of any important modification to the study protocol, the 

CIRB, study investigators and trial participants will be informed. 

Consent 

Patients who are eligible for the study will be referred by their attending primary care provider to the research 

coordinator who will carry out the informed consent process. Details of the study will be explained to the pa-

tients, including its objectives, process, duration, and possible risks and benefits. Patients will be informed that 

participation in the study is entirely voluntary and their decision to participate in the study will not affect their 

future medical care. Recruited patients will have the right to withdraw from the study at any time. Patients will 

be given the opportunity to ask questions about the study and given time for consideration to participate. Pa-

tients who decide to participate in the study may then voluntarily sign on the informed consent form (online 

supplementary appendix C).  

Confidentiality 

Recruited patients will be assigned anonymous patient recruitment numbers and all subsequent references and 

analyses will be performed on de-identified datasets. Patient information collected during the course of the study 

will be kept confidential in compliance to the Singapore Personal Data Protection Act. All copies of electronic 

data will be stored in a password-protected computer or thumb drive, and paper documentation will be kept in 

secure cabinets with access available only to study investigators. All study data will be kept for 6 years. 

Declaration of interests 

None of the authors have any financial interest or have received paid compensation for this work. No competing 

interest that may inappropriately influence this work is declared. AIT Technologies Private Limited, which fab-

ricated the kiosk, had no role in the study design, and will have no role in its conduct, data collection, interpreta-

tion and analysis. 
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Dissemination of study findings 

The findings of this study will be published in peer-reviewed journals and presented at national and international 

conferences. 
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DISCUSSION AND CONCLUSION 

Population aging and the burden of chronic disease continue to weigh on already overstretched primary care 

systems worldwide.[12] By 2025, a primary care workforce crisis is anticipated in the United States.[3] Strate-

gies to mitigate this shortfall have included innovations in the primary care delivery model by expanding who 

provides care and how care is coordinated.[13] The patient-centered medical home delivers care using a team of 

healthcare providers comprising physicians, nurse clinicians, pharmacists, social workers, and care coordinators; 

while nurse-managed health centers have nurse practitioners as the primary care providers.[14, 15] Advance-

ments in e-health technologies have further enhanced the potential for patient self-care and management.[16, 17]  

Population growth and aging presents a combined challenge to the healthcare system in Singapore.[18] The past 

decade saw a population growth of 25%, with continued growth expected in the coming years. By 2030, 20% of 

the population will be aged 65 years and older. There has been a shift in the focus of healthcare – from episodic 

care in the acute hospitals to chronic care in the community, which is reflective of the evolving patient profile 

and their related needs.  

In Singapore, the primary care centers comprising government polyclinics and private medical clinics are where 

most patients receive care for their chronic health conditions.[5] A substantial proportion (45%) of patients with 

chronic disease receives care from the polyclinics due to the availability of subsidies. However, because only 

about 14% of all primary care physicians in Singapore practice in the polyclinics, there is a mismatch between 

the supply of primary care physicians and the demand for chronic disease care. The ramifications of population 

aging and the resultant chronic disease epidemic are manifest in the polyclinics where overcrowding and long 

waiting times are commonplace.  Measures to address this challenge have included efforts to enlarge the prima-

ry care workforce, extension of chronic disease healthcare subsidies to the private clinics, and initiatives to pro-

mote the stratification and right-siting of patient care needs.[18, 19] 

The establishment of the Nurse Clinician Service (NCS) was taken as a step towards the right-siting of patients 

with chronic disease in the polyclinics. Only patients with stable chronic disease are managed under the NCS, 

where they receive shared care from physicians and nurse clinicians. These patients make alternate visits be-

tween physicians and nurse clinicians in 4- to 6-montly intervals, thereby effectively reducing the number of 

physician visits by half.  
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For some years now, healthcare kiosks have played a role in streamlining services in the healthcare industry. 

They are used for patient registration, bill payment and navigation. In recent years, healthcare kiosks have 

evolved widely. The new generation of healthcare kiosks come integrated with a variety of medical devices that 

allow for physiological parameters such as blood pressure, height and weight to be measured.[20, 21] They are 

interactive and can provide health information and advice. Undoubtedly, the self-service capacity afforded by 

healthcare kiosks can provide the leverage to relieve the manpower constraints of our primary care system. 

In our current care model, the management of patients with well-controlled chronic disease is shared between 

physicians and nurse clinicians (figure 5). Incorporating a healthcare kiosk into the care delivery model will 

facilitate a shift in the spectrum of care, so that the management of these patients is shared between a physician 

and kiosk, hence freeing nurse clinicians to take on a share in the management of patients with sub-optimally 

controlled disease. Typically, patients with sub-optimally controlled disease are initially counselled by nurse 

clinicians on lifestyle modifications before medication titration by physicians, thus making such a care model 

intuitive. By having the care of patients with well-controlled and sub-optimally controlled disease shared 

amongst physicians, nurse clinicians and healthcare kiosks, physician visits for these patients will be reduced, 

thereby allowing for more physician time to be allocated to the management of patients with poorly-controlled 

disease. 

In 2015, we designed and constructed an interactive self-service healthcare kiosk and explored the feasibility of 

using the kiosk for the management of patients with well-controlled stable chronic disease.[6] Both patients and 

physicians who participated in the study expressed high levels of acceptance and satisfaction with using the ki-

osk for chronic disease care. While previous studies have shown that substituting physicians with nurse clini-

cians in the healthcare delivery model resulted in equivalent patient outcomes, the impact of using a healthcare 

kiosk for care delivery is unknown.[22-25]  This follow-up study will assess the health outcomes of patients 

managed with a healthcare kiosk. It evaluates the maintenance of stable chronic disease for such patients and 

examines the secondary outcomes of health-related quality of life and adverse events. The findings from the 

study will help determine if adoption of a healthcare kiosk into the primary care delivery model is a viable op-

tion. 

The strengths of this study are that it explores a novel approach in using a healthcare kiosk to manage patients 

with stable chronic disease, and uses a randomised controlled trial design to demonstrate comparable health 

outcomes to the current standard of care. The adoption of the kiosk into routine clinical practice will facilitate 
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optimal resource allocation for patients with varying medical needs. The limitations of this study are its single-

center design and short follow-up duration. Nevertheless, the findings will provide the preliminary data needed 

to design a larger multi-center trial with longer follow-up, that will allow for cost-effectiveness and other impli-

cations on primary care services to be further appreciated.  
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FIGURE LEGENDS 

Figure 1. Flowchart of the study protocol. 

Figure 2. The healthcare kiosk with integrated blood pressure, height and weight measuring devices. 

Figure 3. Screenshots of the (a) welcome screens (b) screening questionnaire (c) blood pressure measurement 

instructions (d) height and weight measurement instructions (e) kiosk results. 

Figure 4. Result slips: (a) good disease control (b) sub-optimal/poor disease control. 

Figure 5. Evolution of the primary care model. 
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Figure 1. Flowchart of the study protocol.  
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Figure 2. The healthcare kiosk with integrated blood pressure, height and weight measuring devices.  
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Figure 3. Screenshots of the (a) welcome screens (b) screening questionnaire (c) blood pressure 
measurement instructions (d) height and weight measurement instructions (e) kiosk results.  
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Figure 4. Result slips: (a) good disease control (b) sub-optimal/poor disease control.  
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Figure 5. Evolution of the primary care model.  
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Appendix A – Patient questionnaire for assessing satisfaction and occurrence of adverse events 

Patient recruitment number  

Date  

 

 Patient satisfaction 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

1 The schedule for my visits was convenient.     
2 I could get to the kiosk (or nurse consult room) easily.     

3 
I am satisfied with the management/treatment of my 
chronic condition. 

    

4 The time spent at the kiosk (or nurse) was just right.     

5 
I can use the kiosk (or see a nurse) instead of seeing a 
doctor for follow-up. 

    

6 
Optional: 
What did you like about the kiosk (or nurse consult)? 
What did you not like about the kiosk (or nurse consult)? 

 

 Adverse events  

1 
Did you suffer any adverse event (e.g. hospitalisation) that 
was related to the management of your chronic condition 
in the past 12 months? 

Yes/No 
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Appendix B – EQ-5D-5L questionnaire 
 
Under each heading, please tick the ONE box that best describes your health TODAY 
 
MOBILITY  
 
I have no problems in walking about       � 
I have slight problems in walking about      � 
I have moderate problems in walking about      � 
I have severe problems in walking about      � 
I am unable to walk about        � 
 
SELF-CARE  
 
I have no problems washing or dressing myself     � 
I have slight problems washing or dressing myself     � 
I have moderate problems washing or dressing myself     � 
I have severe problems washing or dressing myself     � 
I am unable to wash or dress myself       � 
 
USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities) 
 
I have no problems doing my usual activities      � 
I have slight problems doing my usual activities     � 
I have moderate problems doing my usual activities     � 
I have severe problems doing my usual activities     � 
I am unable to do my usual activities       � 
 
PAIN / DISCOMFORT 
 
I have no pain or discomfort        � 
I have slight pain or discomfort       � 
I have moderate pain or discomfort       � 
I have severe pain or discomfort       � 
I have extreme pain or discomfort       � 
 
ANXIETY / DEPRESSION  
 
I am not anxious or depressed        � 
I am slightly anxious or depressed       � 
I am moderately anxious or depressed       � 
I am severely anxious or depressed       � 
I am extremely anxious or depressed       � 
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We would like to know how good or bad your health is TODAY. 
 
This scale is numbered from 0 to 100. 
 
100 means the best health you can imagine.  
 
0 means the worst health you can imagine. 
 
Mark an X on the scale to indicate how your health is TODAY. 
 
Now, please write the number you marked on the scale in the box below. 
 
 
 
 
 
 
 
 
YOUR HEALTH TODAY =   
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Appendix C 
 

 
 

 
PARTICIPANT INFORMATION SHEET AND CONSENT FORM 

 
 

You are being invited to participate in a research study. 
 
Before you take part in this research study, the study must be explained to you and you 
must be given the chance to ask questions. Please read carefully the information 
provided here. If you agree to participate, please sign the consent form. You will be given 
a copy of this document to take home with you. 

 

STUDY INFORMATION 

Protocol Title:  

A randomized controlled trial to evaluate the health outcomes of patients with stable 
chronic disease managed with a healthcare kiosk 

Principal Investigator: 

Dr Grace Ng 
SingHealth Polyclinics – Punggol 
Blk 681 Punggol Drive 
#02-01 
Singapore 820681 
Tel: 6377 8771 
Email: grace.ng.b.h@singhealth.com.sg 
 
Study coordinator’s contact number: 

Sponsor: 

Agency for Science, Technology and Research (A*STAR) 

PURPOSE OF THE RESEARCH STUDY 

A global rise in the prevalence of chronic disease has led to an increase in the demand for 
primary healthcare services and a shortage of primary care physicians. Addressing these 
challenges calls for innovations in the healthcare delivery model including greater use of 
healthcare technology tools. You are being invited to participate in a research study to 
assess if a healthcare kiosk can be used to manage patients with stable chronic disease. We 
hope to learn if the kiosk can be as effective as healthcare providers in delivering medical 
care to stable patients. You have been selected as a potential participant for the study 
because you have at least one chronic disease condition(s) that is/are well-controlled.  

The study will involve 120 subjects recruited from SingHealth Polyclinics – Punggol and will 
be conducted over a period of 12 months. 
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STUDY PROCEDURES AND VISIT SCHEDULE 

If you agree to take part in this study, you will be randomized to be evaluated by either a 
healthcare kiosk or a nurse clinician during your subsequent follow-up visits. Randomization 
means assigning you to one of 2 groups by chance, like tossing a coin or rolling dice. 
Randomization will be done using a random-number generator. 

Your personal particulars and medical information will be obtained from the Polyclinic Patient 
Information System and may be used for purposes of the study only. All demographic data 
and medical information collected for the study will be anonymised. You will be given a 
medication prescription that will allow you to refill your chronic medications in 4-monthly 
intervals for the next 12 months.  

During your subsequent visits to the clinic 4 and 8 months later, you will be evaluated by 
either a nurse clinician or a healthcare kiosk. Your blood pressure, height and weight will be 
measured.  

If you are assigned to be evaluated by the kiosk, a research coordinator will guide you to use 
the kiosk. The kiosk will determine the status of your chronic condition through a screening 
questionnaire, physiological measurements (blood pressure, height, weight) and your latest 
blood test results. You will be classified into well-controlled, sub-optimally controlled, or 
poorly-controlled groups according to the kiosk decision algorithm and will be advised to 
either continue on your current medications or be evaluated by a healthcare professional. 

If you are assigned to be evaluated by a nurse clinician, your chronic condition will be 
assessed and managed as per routine clinical practice for patients with stable chronic 
disease.  

At the end of the study, all study participants will be reviewed by a doctor. 

All study participants will be asked to complete questionnaires at the start and at the end of 
the study. The questionnaires will be used to assess your health status, satisfaction, and any 
adverse events that may have occurred during the course of the study. The questionnaires 
will take about 15 minutes to complete. 

 

Schedule of visits and procedures:  
Visit 1: recruitment 

Visit 2 and 3 (Weeks 4 and 8): evaluation by healthcare kiosk or nurse clinician 

Final Visit (Week 12): evaluation by doctor 

 
YOUR RESPONSIBILITIES IN THIS STUDY 

If you agree to participate in this study, you should: 

• Keep your study appointments. Please contact the research coordinator if you need to 
reschedule an appointment. 

• Follow the instructions of the research coordinator during your follow-up appointments. 

• Answer the study questionnaires to the best of your knowledge. 
The above points are applicable to all study participants. 
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WITHDRAWAL FROM STUDY 

You are free to withdraw from the study at any time without prejudice to you or your future 
medical care. Please inform the research coordinator or Principal Investigator if you decide to 
withdraw from the study. You will be scheduled for routine clinic visits for your subsequent 
follow-up care.  

However, the data that have been collected until the time of your withdrawal will be kept and 
analysed. The reason is to enable a complete and comprehensive evaluation of the study. 

Your doctor, the Principal Investigator of this study may stop your participation in the study at 
any time for one or more of the following reasons: 

• Your chronic disease condition(s) is/are no longer well-controlled;  

• Failure to follow the instructions of the Principal Investigator and/or study staff; 

• The study is discontinued; 

• Any other unforeseen circumstances. 

WHAT IS NOT STANDARD CARE OR EXPERIMENTAL IN THIS STUDY 

The healthcare kiosk is not a standard way of care delivery for patients with stable chronic 
disease. Your participation in the study will help us to determine if the kiosk can deliver 
equivalent healthcare that is comparable to the existing care delivery method. 

POSSIBLE RISKS, DISCOMFORTS AND INCONVENIENCES 

Technical problems that can arise during kiosk usage may cause delays that result in longer 
visits or the need for rescheduled appointments.   

POTENTIAL BENEFITS 

You may benefit from shorter waiting times as compared to routine follow-up visits. Your 
participation in the study will help contribute to the medical knowledge on healthcare kiosks.  

ALTERNATIVES 

If you choose not to participate in the study, you will continue to receive standard care as for 
patients with chronic disease. 

PARTICIPANT’S RIGHTS  

Your participation in this study is entirely voluntary. Your questions will be answered clearly 
and to your satisfaction.   

In the event of any new information becoming available that may be relevant to your 
willingness to continue in this study, you or your legal representative will be informed in a 
timely manner by the Principal Investigator or his/her representative. 

By signing and participating in the study, you do not waive any of your legal rights to revoke 
your consent and withdraw from the study at any time.   

CONFIDENTIALITY OF STUDY AND MEDICAL RECORDS 

Information collected for this study will be kept confidential. Your records, to the extent of the 
applicable laws and regulations, will not be made publicly available. Only your Investigator(s) 
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will have access to the confidential information being collected. 

However, Regulatory Agencies, Institutional Review Board and Ministry of Health will be 
granted direct access to your original medical records to check study procedures and data, 
without making any of your information public.  

By signing the Consent Form, you consent to (i) the collection, access to, use and storage of 
your Personal Data by SingHealth Polyclinics, and (ii) the disclosure of such Personal Data 
to our authorised service providers and relevant third parties for the purpose of future 
research studies (“Future Studies”).  

Where required, such Future Studies will be submitted for review and necessary approval by 
the relevant institutional review board.  

“Personal Data” means data about you which makes you identifiable (i) from such data or (ii) 
from that data and other information which an organisation has or likely to have access. 
Examples of personal data include medical conditions, medications, investigations and 
treatment history.  

By signing the Consent Form, you also confirm that you have read, understood and 
consented to the SingHealth Data Protection Policy, the full version of which is available at 
www.singhealth.com.sg/pdpa. 

  
Data collected and entered into the Data Collection Form(s) are the property of SingHealth 
Polyclinics. In the event of any publication regarding this study, your identity will remain 
confidential. 

COSTS OF PARTICIPATION 

If you take part in this study, the following will be performed at no charge to you: Nurse and 
kiosk visits 

If you take part in this study, you will have to pay for the following: Doctor’s visit at the end of 
study, routine tests and medications. 

You will be reimbursed for your time, inconvenience and transportation costs as follows:  

• If you complete the study, you will receive vouchers worth S$20 (for 2 nurse or kiosk 
visits).  

• If you do not complete the study for any reason, you will receive vouchers worth S$10 
for each nurse or kiosk visit you complete. 

RESEARCH RELATED INJURY AND COMPENSATION 

The Polyclinic does not make any provisions to compensate study participants for research 
related injury. However, compensation may be considered on a case-by-case basis for 
unexpected injuries due to non-negligent causes. 
 
By signing the Consent Form, you will not waive any of your legal rights or release the 
parties involved in this study from liability for negligence.  
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WHO TO CONTACT IF YOU HAVE QUESTIONS REGARDING THE STUDY 

If you have questions about this research study or in the case of any injuries during the 
course of this study, you may contact the Principal Investigator Dr Grace Ng at Tel: 6377 
8771 or via email at grace.ng.b.h@singhealth.com.sg 

 

WHO HAS REVIEWED THE STUDY 
This study has been reviewed by the SingHealth Centralised Institutional Review Board for 
ethics approval.  

If you have questions about your rights as a participant, you can call the SingHealth 
Centralised Institutional Review Board at 6323 7515 during office hours (8:30 am to 5:30pm). 

If you have any complaints about this research study, you may contact the Principal 
Investigator or the SingHealth Centralised Institutional Review Board.  
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CONSENT FORM 

Details of Research Study 
Protocol Title: 
A randomized controlled trial to evaluate the health outcomes of patients with stable chronic disease 
managed with a healthcare kiosk 

Principal Investigator: 
 
Dr Grace Ng 
SingHealth Polyclinics – Punggol 
Blk 681 Punggol Drive  
#02-01 
Singapore 820681 
Tel: 6377 8771   
Email: grace.ng.b.h@singhealth.com.sg 
 

Participant’s Particulars 
Name:        NRIC No.: 
 
Address: 
 
 
Sex:  Female/Male       Date of birth   _______________ 
                        dd/mm/yyyy           
           
Race:  Chinese/ Malay/ Indian /Others (please specify)   ________________________       
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I agree to participate in the research study as described and on the terms set out in the Participant 
Information Sheet.  
 
I have fully discussed and understood the purpose and procedures of this study. I have been given 
the Participant Information Sheet and the opportunity to ask questions about this study and have 
received satisfactory answers and information.  
 
I understand that my participation is voluntary and that I am free to withdraw at any time, without 
giving any reasons and without my medical care being affected.  
 
By participating in this research study, I confirm that I have read, understood and consent to the 
SingHealth Data Protection Policy. I also consent to the use of my Personal Data for Future 
Research.  
 
 
 
 
 
_______________________             _______________________      ________________ 
         Name of participant                 Signature/Thumbprint (Right / Left)          Date of signing 
 
 
To be filled by parent / legal guardian / legal representative, where applicable 
 
I hereby give consent for the above participant to participate in the proposed research study. The 
nature, risks and benefits of the study have been explained clearly to me and I fully understand 
them.   
 
I confirm that I have read, understood and consent to the SingHealth Data Protection Policy. I also 
consent to the use of the participant’s Personal Data for Future Research.  
 
 
 
 
________________________       __________________________         _______________ 
         Name of participant’s                                  Signature                          Date of signing 
         parent /legal guardian 
 
To be filled by translator, if required 
 
The study has been explained to the participant/ legal representative in  
 
 
____________________________________by _____________________________________. 
                             Language                                                           Name of translator 
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To be filled witness, where applicable 
 
An impartial witness should be present during the entire informed consent discussion if a 
participant or the participant’s legal representative is unable to read. After the written consent form 
and any written information to be provided to participant, is read and explained to the participant or 
the participant’s legal representative, and after the participant or the participant’s legal 
representative has orally consented to the participant’s participation in the study and, if capable of 
doing so, has signed and personally dated the consent form, the witness should sign and 
personally date the consent form.  
 
 
Witnessed by: ________________________________ ________________________ 
  Name of witness  Designation of witness 
 
 
 
 ________________________________ ________________________ 
  Signature of witness  Date of signing 
   
 
Investigator’s Statement 

I, the undersigned, certify to the best of my knowledge that the participant/participant’s legal 
representative signing this consent form had the study fully explained and clearly understands the 
nature, risks and benefits of his/ her/ his ward’s/ her ward’s participation in the study. 
 
 
________________________ _______________________ ________________ 
         Name of Investigator/  Signature   Date 
          Study Coordinator 
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents* 

Section/item Item 
No 

Description Addressed on 
page number 

Administrative information 
 

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym _____1_______ 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry _____2_______ 

2b All items from the World Health Organization Trial Registration Data Set _____2_______ 

Protocol version 3 Date and version identifier _____________ 

Funding 4 Sources and types of financial, material, and other support _____18______ 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol contributors _____1,18_____ 

5b Name and contact information for the trial sponsor _____1_______ 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the decision to submit the report for publication, including 

whether they will have ultimate authority over any of these activities 

 

_____18______ 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, and other individuals or groups overseeing the trial, if 

applicable (see Item 21a for data monitoring committee) 

 

 

 

_____18______ 
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Introduction 
   

Background and 

rationale 

6a Description of research question and justification for undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits and harms for each intervention 

_____4,5_____ 

 6b Explanation for choice of comparators _____4,5_____ 

Objectives 7 Specific objectives or hypotheses ______5______ 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

 

______6______ 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 

be collected. Reference to where list of study sites can be obtained 

______6______ 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, surgeons, psychotherapists) 

______6______ 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 

administered 

_____6-10____ 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 

change in response to harms, participant request, or improving/worsening disease) 

_____10______ 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 

(eg, drug tablet return, laboratory tests) 

______7______ 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial ______7______ 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 

pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 

median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 

efficacy and harm outcomes is strongly recommended 

 

____10-12____ 

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 

participants. A schematic diagram is highly recommended (see Figure) 

_____6,7_____ 
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 

clinical and statistical assumptions supporting any sample size calculations 

_____13______ 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _____________ 

Methods: Assignment of interventions (for controlled trials) 
 

Allocation:    

Sequence 

generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 

factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 

(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 

or assign interventions 

_____6______ 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 

opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned 

_____6_______ 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 

interventions 

_____6_______ 

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 

assessors, data analysts), and how 

_____7_______ 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 

allocated intervention during the trial 

_____NA______ 

Methods: Data collection, management, and analysis 
 

Data collection 

methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 

processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 

study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 

Reference to where data collection forms can be found, if not in the protocol 

____10-12_____ 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 

collected for participants who discontinue or deviate from intervention protocols 

_____________ 
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Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 

(eg, double data entry; range checks for data values). Reference to where details of data management 

procedures can be found, if not in the protocol 

_____12______ 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 

statistical analysis plan can be found, if not in the protocol 

_____13______ 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____NA______ 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 

statistical methods to handle missing data (eg, multiple imputation) 

 

_____NA______ 

Methods: Monitoring 
 

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 

whether it is independent from the sponsor and competing interests; and reference to where further details 

about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 

needed 

_____12______ 

 21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 

results and make the final decision to terminate the trial 

_____NA______ 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 

events and other unintended effects of trial interventions or trial conduct 

_____12______ 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 

from investigators and the sponsor 

_____12______ 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____14______ 

Protocol 

amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 

analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 

regulators) 

_____14______ 
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 

how (see Item 32) 

_____14______ 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 

studies, if applicable 

_____NA______ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 

in order to protect confidentiality before, during, and after the trial 

_____14______ 

Declaration of 

interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site _____14______ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 

limit such access for investigators 

_____14______ 

Ancillary and post-

trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 

participation 

_____NA______ 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 

sharing arrangements), including any publication restrictions 

_____15______ 

 31b Authorship eligibility guidelines and any intended use of professional writers _____________ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code _____NA______ 

Appendices 
   

Informed consent 

materials 

32 Model consent form and other related documentation given to participants and authorised surrogates _____14______ 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 

analysis in the current trial and for future use in ancillary studies, if applicable 

_____NA______ 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 

Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 
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ABSTRACT 

Introduction The rising prevalence of chronic disease is leading to an increase in the demand for primary care 

services and a shortage of primary care physicians globally. Addressing these challenges calls for innovations in 

the healthcare delivery model with greater use of healthcare technology tools. We previously examined the fea-

sibility of using an automated healthcare kiosk for the management of patients with stable chronic disease in the 

primary care setting. The aim of this follow-up study is to evaluate the health outcomes of patients with chronic 

disease who are on kiosk management compared to patients who are on routine management by nurse clinicians.   

Methods and analysis The pilot study will be a 2-armed randomised controlled trial of 120 patients with well-

controlled chronic disease on 4-monthly follow-up visits over a 12-month period. Patients with prior diagnoses 

of hypertension, hyperlipidemia, and/or diabetes will be included in the study, and will be randomly assigned to 

intervention or control groups to receive kiosk or nurse management respectively. The primary outcome 

measures are the blood pressure and low-density lipoprotein cholesterol levels for patients without diabetes; 

blood pressure, low-density lipoprotein cholesterol and haemoglobin A1c levels for patients with diabetes; and 

the overall chronic disease control for all patients. The secondary outcome measures are visit duration, patient 

satisfaction with the management process, health-related quality of life, and the occurrence of any adverse 

event. Data will be captured longitudinally at baseline, 4 months, 8 months, and 12 months, and will be analysed 

by linear and logistic regression for continuous and categorical variables respectively. 

Ethics and dissemination The study has been approved by the Singapore Health Services (SingHealth) Cen-

tralised Institutional Review Board (2017/2715). Findings of the study will be submitted for publication in peer-

reviewed journals and presented at national and international conferences. 

Trial registration number ClinicalTrials.gov NCT03274089 

 

Keywords chronic disease; primary care; randomised controlled trial; technology 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• A novel approach using a healthcare kiosk to manage patients with stable chronic disease is examined; the 

patients are empowered to monitor and review their own health conditions with reduced dependence on 

healthcare providers. 

• Demonstrating comparable health outcomes for patients managed with a healthcare kiosk to the current 

standard of care will facilitate the adoption of the kiosk into routine clinical practice hence allowing for the 

optimal utilisation of medical resources.  

• Randomised controlled trial design minimises the risk of any selection bias. 

• Single-center study design and small sample size may limit the generalisability of the study findings; how-

ever, the study will provide the preliminary data required to design a larger multi-center trial with longer 

term follow-up. 

• Due to the nature of the intervention, this will be an open-label trial; however objective assessments of the 

outcome measures will limit any bias. 
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INTRODUCTION 

Background and significance 

The rising burden of chronic disease is leading to an increase in the demand for primary healthcare services and 

a shortage of primary care physicians.[1, 2] By 2025, primary care physician shortage of up to 31000 is ex-

pected.[3] Addressing this shortage entails a multi-prong approach that includes innovations in healthcare deliv-

ery, greater use of healthcare technology, and more efficient use of all healthcare professionals on the care team. 

In Singapore, primary healthcare is provided by government polyclinics and private medical clinics.[4] Approx-

imately 20% of primary healthcare is provided by 18 polyclinics, while the remaining 80% is provided by 

around 2000 private medical clinics. The chronic disease load is however not distributed in corresponding pro-

portions, with almost half (45%) of patients with chronic disease being managed by the polyclinics.[5] The pol-

yclinics are therefore responsible for a significant proportion of chronic disease care in Singapore. Together 

with an aging population and physician shortages, there is a need for a transformation in the practice and deliv-

ery of primary care so as to cope with the increasing patient load. 

Patients who seek primary healthcare vary in their time and resource requirements. Patients with acute medical 

conditions or poorly-controlled chronic disease typically require more time and attention compared to patients 

with well-controlled chronic disease. It would therefore be useful if patient care needs can be appropriately 

stratified so that more time and resources are allocated to those who need it.  

At present, patients with chronic disease make regular follow-up visits to their primary care provider for as-

sessments of their chronic disease status and for changes to their medications as necessary. Patients with well-

controlled stable chronic disease may go through several visits to their primary care provider in 3 or 4-monthly 

intervals with little or no change to their medication regimen. In the polyclinics, these patients are managed by a 

nurse clinician under the Nurse Clinician Service. However, these patients will still have to routinely wait in line 

with the rest of the polyclinic crowd for a doctor or nurse consultation before getting their regular supply of 

medications. We saw the possibility of replacing some of these visits with an automated healthcare kiosk, so 

that these patients can continue on their current medications if their disease condition remained stable, without 

having to see a doctor or nurse. 

We designed and constructed an interactive self-service healthcare kiosk (Self-empowering and enabling kiosk 

– SEEK

 MyHealthKiosk) that allows patients to measure their physiological parameters (blood pressure, 
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height and weight) in a sequential manner.[6] The kiosk combines the patients’ physiological parameters and 

their recent laboratory results to classify patients into good, sub-optimal, or poorly-controlled groups. The kiosk 

then produces a result slip for the patient with instructions to continue on their current medications (for patients 

with good disease control), or to see a nurse or doctor for further management (for patients with sub-optimal or 

poor disease control). 

Using SEEK, we performed a feasibility study at a polyclinic (SingHealth Polyclinics (SHP) – Bedok).[6] One-

hundred patients with stable chronic disease were recruited for the study. These patients used a kiosk in place of 

seeing a doctor for two subsequent follow-up visits over a period of 9 months. We refined and verified the accu-

racy of the kiosk and optimised independent kiosk usage with the provision of multi-language translations in 

audio and visual forms. Patients and healthcare providers who participated in the study expressed high levels of 

acceptance and satisfaction with the use of the healthcare kiosk for chronic disease care. 

Study aims 

The aim of this follow-up study is to show equivalence of health outcomes for patients managed with the 

healthcare kiosk compared to the current standard of care. The primary outcome measures to be compared are 

the blood pressure and low-density lipoprotein cholesterol levels for patients without diabetes; blood pressure, 

low-density lipoprotein cholesterol and haemoglobin A1c levels for patients with diabetes; and the overall 

chronic disease control for all patients.  

Secondary outcome measures to be compared are (1) visit duration, (2) patient satisfaction with the management 

process, (3) health-related quality of life, and (4) the occurrence of any adverse event. 

We hypothesise that patients with well-controlled chronic disease who are managed by the kiosk show equiva-

lent health outcomes, with the benefit of shorter visit time, when compared to patients who are managed by a 

nurse clinician. 
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METHODS AND ANALYSIS 

Study design 

The study will be a randomised controlled equivalence trial conducted in a public primary care polyclinic in 

Singapore over a duration of 12 months. Figure 1 shows the study design.  

The polyclinic is sited in the North-eastern region of Singapore within an urban setting and adjacent to public 

housing estates. It serves a growing population of about 146 640 multi-ethnic Asian residents.[7] 

Study population 

Patients must meet all the eligibility criteria to be enrolled in the study. Eligible patients (1) are between the 

ages of 21 and 75 years, (2) have at least one chronic medical condition that includes hypertension, hyper-

lipidemia, diabetes mellitus (3) have blood pressure (BP), low-density lipoprotein cholesterol (LDL-C) and 

HbA1c (for diabetics) levels within the recommended targets according to the Ministry of Health (MOH) Sin-

gapore clinical practice guidelines for their current and last follow-up visits, and (4) are able to provide in-

formed consent. 

Patients with other co-morbidities such as ischemic heart disease and stroke may also be included in the study. 

We have excluded patients above 75 years of age for this study as the recommended levels for the clinical indi-

cators of BP and HbA1c are less stringent for these patients compared to the general patient population with 

chronic disease. 

Ineligible patients are those who (1) have serum creatinine more than 140 mmol/L (from tests done within the 

past year), (2) have serum potassium less than 3.5 mmol/L or more than 5 mmol/L (from tests done within the 

past year), (3) have overt proteinuria (urine protein:creatinine ratio more than 0.5), (4) were discharged from 

hospital or specialist follow-up within the last 6 months, (5) have any pending laboratory results or other inves-

tigations, (6) are scheduled for laboratory investigations within the next 4 months (except for HbA1c), (7) have 

any new complaints related to their chronic medical conditions, or (8) have a known history of white coat hyper-

tension. 

From a previous feasibility study,[6] we anticipate the majority of our study patients to be in their fifth to sev-

enth decade of life, to be of Chinese ethnicity, and have received secondary school education or lower. For this 
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study, the demographic data of recruited patients, such as age, gender, ethnicity, and education levels, will be 

recorded and analysed. 

Recruitment and randomisation 

Recruitment for the study will begin in March 2018. Patients will be recruited when they come for their regular 

chronic care visit at a primary care polyclinic (SHP – Punggol). Eligible patients will be invited by their attend-

ing primary care provider to participate in the study. Patients who are agreeable to participate will provide writ-

ten informed consents to a research coordinator. Patient demographic data (gender, age, ethnicity, education 

levels), disease diagnoses, and recent laboratory results will be obtained from the electronic health records 

(EHR) of the clinic. 

Recruited patients will be given a prescription that will enable them to refill their chronic medications in 4-

monthly intervals for the next 12 months and will be randomly assigned to one of two study arms (intervention 

or control) in a 1:1 ratio (60 patients per arm) by a computerised random-number generator without stratifica-

tion. Prior to enrolment, group allocation will be concealed in opaque envelopes. Patients in both groups will be 

reviewed at 4-monthly intervals. To encourage protocol compliance, patients will receive telephone reminders 

from the research coordinator prior to each follow-up visit. Patients in the intervention group will be evaluated 

by a healthcare kiosk while patients in the control group will be managed by a nurse clinician. Due to the nature 

of the intervention, patients will not be blinded to the group allocation. Bias will be minimised by the objective 

assessments of the outcome measures. All patients will be allowed concomitant medical care during the course 

of the study. 

Study intervention 

We previously designed and developed an interactive self-service healthcare kiosk (self-empowering and ena-

bling kiosk – SEEK

 MyHealthKiosk) that is equipped with an automated BP machine, and height and weight 

measuring devices, which allows patients to measure their own physiological parameters in a sequential manner 

(figure 2).[6] The kiosk combines the patients’ physiological parameters and recent laboratory results to classify 

patients into good, sub-optimal, or poorly-controlled groups. The kiosk then produces a result slip for the patient 

with instructions to continue on their current medications (for patients with good disease control), or to see a 

nurse clinician or doctor for further management (for patients with sub-optimal or poor disease control, respec-

tively).  
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The graphical user interface of the kiosk was developed as a web application using Active Server Pages 

(ASP).NET, with decision algorithms coded in C#, C++, JavaScript and Hyper Text Markup Language 

(HTML). Representative screenshots of the user interface are shown in figure 3. 

In this follow-up study, patients who are assigned to the intervention arm will be evaluated by the kiosk at 4 and 

8 months after recruitment. Patients will interact with the kiosk via a touch screen monitor. Kiosk instructions 

are available in English, Mandarin and Malay languages in visual and audio forms. Each kiosk interaction be-

gins with the scanning of the barcode of the patient’s identification card or clinic appointment card followed by 

a screening questionnaire to assess if the patient has any acute complaints that require a doctor’s consultation. 

The patient’s blood pressure, height and weight will then be taken. The research coordinator will ensure the pa-

tient performs the correct actions and is positioned correctly during physiological measurements. 

Kiosk decision algorithm 

Based on their risk-factor profiles (table 1), patients will be stratified into very high, high, medium or low risk 

categories. Management will involve controlling the disease targets of BP, HbA1c and LDL-C levels according 

to the prevailing MOH clinical practice guidelines.[8]  

The latest laboratory results (LDL-C and HbA1c (for patients with diabetes)) of recruited patients will be re-

trieved from the EHR. Based on the answers from the screening questionnaire, combined with the BP measure-

ments and laboratory results, patients will be triaged into well-controlled, sub-optimally controlled or poorly-

controlled groups according to a decision algorithm as shown in table 2. 
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Table 1. Chronic disease risk stratification and disease targets. 

Medical conditions • Ischemic heart disease 

• Cerebral vascular acci-

dent (ischemic) 

• Peripheral vascular dis-

ease 

• DM with CKD (stage 3-

4) 

• Aortic aneurysm 

• Familial hypercholester-

olemia 

• CKD with eGFR <60 

ml/min/1.73m2 

OR DM (not both) 

 

Estimated 10-year CHD 

risk a 

 

Risk stratum 

 

 

 

Very high  

(any of the above present) 

 

>20%  

(or any of the above present) 

High 

 

10-20% 

 

Medium 

 

<10% 

 

Low 

Disease targets: 

LDL-C (mmol/L) 

Blood pressure(mmHg) 

 

HbA1c (%) 

 

<2.1 

<140/90  

< 140/80 (with DM) 
<7 

 

<2.6 

<140/90 

< 140/80 (with DM) 
<7 

 

<3.4 

<140/90 

 
 

 

<4.1 

<140/90 

 
 

DM, diabetes mellitus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CHD, coronary heart dis-

ease; LDL-C, low-density lipoprotein cholesterol; HbA1c, haemoglobin A1c 
a By Framingham Risk Score based on age, smoking status, systolic blood pressure, high-density lipoprotein and total cho-

lesterol levels 
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Table 2. Decision algorithm. 

For patients with diabetes: 

Very high risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/79 140/80 – 159/99 >=160/100 

 

LDL-C (mmol/L)  <2.1 2.1 – 2.5 >= 2.6 

HbA1c (%) <6 6 – 7 7.1 – 8 >8 

Kiosk decision See doctor  

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

High risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/79 140/80 – 159/99 >=160/100 

 

LDL-C (mmol/L)  <2.6 2.6 – 3.3 >= 3.4 

HbA1c (%) <6 6 – 7 7.1 – 8 >8 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

 

For patients without diabetes: 

Very high risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

 

LDL-C (mmol/L)  <2.1 2.1 – 2.5 >= 2.6 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

High risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

 

LDL-C (mmol/L)  <2.6 2.6 – 3.3 >= 3.4 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse  

(any of the above 

present) 

See doctor 

(any of the above 

present) 

Medium risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

 

LDL-C (mmol/L)  <3.4 3.4 – 4.0 >=4.1 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present)  

See doctor 

(any of the above 

present) 

Low risk patient 

Blood pressure (mmHg) <90/60 

 

90/60 – 139/89 140/90 – 159/99 >=160/100 

LDL-C (mmol/L)  <4.1 4.1 – 4.8 >=4.9 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse  

(any of the above 

present) 

See doctor 

(any of the above 

present) 

Green (well-controlled) – continue current medications; orange (sub-optimally controlled) – see nurse clinician; 

red (poorly-controlled) – see doctor 

LDL-C, low-density lipoprotein cholesterol; HbA1c, haemoglobin A1c 
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Kiosk evaluation and triage 

The chronic disease status of a patient will be determined via physiological measurements and laboratory find-

ings as described previously. If a patient’s chronic disease condition remained well-controlled, the kiosk will 

advise the patient to continue on his or her current medications. If a patient’s chronic disease condition was sub-

optimally or poorly-controlled, the kiosk will advise the patient to consult with a nurse clinician or doctor, re-

spectively. At the end of each kiosk visit, the patient will receive a print-out that shows the physiological meas-

urements, laboratory results and kiosk decision (figure 4). The research coordinator will verify the BP meas-

urement and kiosk decision before allowing the patient to proceed with the kiosk advisory. BP reading will be 

verified after each kiosk usage with a repeat measurement taken using a validated automated digital BP monitor. 

Kiosk decision accuracy will be verified by checking the patient’s parameters and laboratory results against the 

decision algorithm (table 2) to ensure that the patient has been correctly classified.  Kiosk accuracy in terms of 

triage decisions and BP measurements will be recorded. Patients who have sub-optimal or poorly-controlled 

disease will be taken out of further kiosk visits and attend routine clinic consultations for their subsequent fol-

low-up visits. 

Control group 

Patients who have been assigned to the control group will be managed by a nurse clinician for their next 2 visits 

at 4 and 8 months after recruitment. These patients will be managed as per the standard clinical practice for pa-

tients with stable chronic disease on the Nurse Clinician Service. 

All patients (intervention and control groups) will be reviewed by a doctor during their final study visit 12 

months after recruitment. 

Withdrawals 

Patients may be withdrawn from the study at any time if (1) the patient makes a voluntary decision to withdraw, 

(2) the patient has a serious adverse event or develops any medical condition that makes the patient unsuitable 

for further participation in the study, or (3) the study is terminated. Patients who have withdrawn from the study 

will continue to receive standard clinical care. 
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Study outcomes 

The primary outcome measures to be compared are overall chronic disease control; BP and LDL-C for patients 

without diabetes; and BP, LDL-C and HbA1c for patients with diabetes. All variables except LDL-C will be 

assessed at baseline, 4 months, 8 months, and 12 months post-recruitment. LDL-C levels will be measured from 

fasting blood samples taken at baseline and 12 months post-recruitment, in accordance to the MOH Singapore 

clinical practice guidelines which recommend yearly reviews of LDL-C for patients with stable disease. 

The overall chronic disease control (well-, sub-optimally, poorly-controlled) of all patients will be determined 

using the decision algorithm (table 2).  

For patients in the intervention group, BP will be taken at the kiosk by an integrated automated BP machine. 

Measuring devices in the kiosk have been certified by the Health Sciences Authority of Singapore to be of an 

acceptable standard in accordance to the Health Products Act and Health Products (Medical Devices) Regula-

tions. 

For patients in the control group, BP will be taken using a validated automated digital BP monitor by a nurse 

clinician who will adhere to the American Heart Association guidelines for BP measurements.[9] At each visit, 

the patient’s BP will be established by a minimum of 2 measurements taken with at least 1-minute interval be-

tween them, and the average of these readings will be recorded. If there is a greater than 5 mmHg difference 

between the first and second readings, additional readings will be obtained and the average of the closest read-

ings will be used to represent the patient’s BP.  

For patients with diabetes, HbA1c will be measured at an on-site laboratory in the clinic. Capillary blood sam-

ples will be obtained via finger-pricks done by trained laboratory technicians as per routine clinical practice, and 

analysed using a point-of-care device, with results available in 6 minutes. This test will be done just prior to 

each kiosk usage or nurse consultation, for patients in the intervention and control groups respectively.  

The secondary outcome measures to be assessed are visit duration, patient satisfaction with the management 

process, health-related quality of life, and the occurrence of any adverse event. Data for these variables will be 

collected at specific time-points during the course of the study (table 3). 
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Table 3. Data collection schedule. 

Data collected Recruitment 4 months 8 months 
12 months  

(end of study) 

Primary outcome measures     

Overall disease control × × × × 

Blood pressure × × × × 

LDL-C ×   × 

HbA1c × × × × 

Secondary outcome measures     

Visit duration  × ×  

Satisfaction and adverse events 

questionnaire 
   × 

EQ-5D-5L questionnaire ×   × 

 

The duration for each patient visit will be measured from time of registration to end of kiosk usage or nurse con-

sultation, and will be recorded by the research coordinator using a stopwatch.  

Patient satisfaction and occurrence of adverse events will be assessed by a questionnaire designed for this study 

(online supplementary appendix A). Satisfaction with kiosk or nurse management will be assessed on a Likert 

scale in the following areas: convenience of visit schedule, location of kiosk or nurse consultation, appropriate-

ness of management, duration of time spent at kiosk usage or nurse consultation, and the replacement of a doc-

tor’s visit by the kiosk or nurse clinician. Qualitative feedback will be captured via free-text inputs.  

Health-related quality of life will be assessed using a validated questionnaire – the EQ-5D-5L instrument 

(online supplementary appendix B).[10]   

Data management and monitoring 

Data collected from the study will be stored electronically and as hardcopies. Electronic data will be stored in a 

password-protected computer or a thumb drive that is kept in a locked drawer in the principal investigator’s 

(PI’s) office; and hardcopy data will be stored in locked cabinets in the PI's office. Only study investigators will 

have access to the study data. 
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During the course of the study, the PI will ensure adherence to the protocol and all collected data will be re-

viewed regularly. Data collection forms will be checked fortnightly by the PI and research coordinator for com-

pleteness and accuracy (including range checks, missing data and double-entry). Physical and digital records 

will be cross-checked for consistency. A research executive from the SHP Department of Research will audit 

every participant’s records 3-monthly to ensure that record keeping meets regulatory requirements and is kept 

up-to-date.   

Data safety and monitoring are subject to audit by the SHP Department of Research and the SingHealth Central-

ised Institutional Review Board (CIRB). Any adverse event or deviation from the study protocol will be report-

ed by the PI to the CIRB within the stipulated timeframe.  

An independent trial advisory committee, comprising representatives from the Departments of Clinical Services 

and Operations, Finance, Nursing, Pharmacy and Information Technology (Integrated Health Information Sys-

tems – IHiS), will be updated on trial progress at quarterly intervals and will give recommendations for discon-

tinuation, modification or continuation of the study. Members of this committee will not be directly involved in 

the trial and will be free to review any information or study process related to the trial. 

Analysis 

Descriptive analysis 

Descriptive statistics will be used to summarise the baseline characteristics of the patients in the study arms. 

Continuous data will be described in terms of means and standard deviation (or median and interquartile range 

for asymmetrical data). Categorical data will be described in terms of percentages. 

Sample size estimation 

We have chosen a sample size of 120 based on a realistic estimation of the number of patients that can be re-

cruited from our study site, taking into consideration patient visits, operational constraints, and study timeline. 

As a rough estimate from our previous study, we recruited 1 to 3 patients per day. The recruitment phase for this 

study is planned over 80 days, giving an estimated possible recruitment of 80 to 240 patients. 

We acknowledge this limitation of a small sample size. However, the study will serve as a pilot to provide the 

preliminary data required to design a larger multi-center trial with longer term follow-up. It will enable us to 

establish the power calculations and evaluate the financial and logistic feasibility of a full-scale study. 
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Statistical tests 

Analysis will be done using SPSS (Statistical Package for Social Sciences) Statistics version 24.0 with an alpha 

of .05 set a priori. The primary outcome variables of overall chronic disease control, BP, LDL-C and HbA1c 

(for diabetics) will be captured longitudinally over 12 months and will be assessed by linear and logistic regres-

sion for continuous and categorical variables respectively. The analyses for BP, LDL-C and HbA1c will be ap-

plied to stratified samples.  

For demographic data, continuous variables will be compared using the Student’s t-test or the Wilcoxon Mann-

Whitney test, and categorical variables will be compared using the Pearson’s chi-square test. Data analyses will 

be performed on an intention-to-treat basis.[11] 
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ETHICS AND DISSEMINATION 

Research ethics approval 

The study will be conducted in accordance to the ethical principles of the Helsinki Declaration guidelines.[12] 

Ethical approval for the study has been obtained from the SingHealth CIRB and the study has been registered 

with ClinicalTrials.gov (NCT03274089). In the event of any important modification to the study protocol, the 

CIRB, trial advisory committee, study team members and trial participants will be informed. The CIRB will be 

informed of any protocol change via an online CIRB Amendment Form and any change will be implemented 

only after approval has been obtained. The trial advisory committee and study team members will be informed 

of any change to the protocol via email or in person, and trial participants will be informed of any change to the 

protocol via phone or in person.  

Consent 

Patients who are eligible for the study will be referred by their attending primary care provider to the research 

coordinator who will carry out the informed consent process. Details of the study will be explained to the pa-

tients, including its objectives, process, duration, and possible risks and benefits. Patients will be informed that 

participation in the study is entirely voluntary and their decision to participate in the study will not affect their 

future medical care. Recruited patients will have the right to withdraw from the study at any time. Patients will 

be given the opportunity to ask questions about the study and given time for consideration to participate. Pa-

tients who decide to participate in the study may then voluntarily sign on the informed consent form (online 

supplementary appendix C).  

Confidentiality 

Recruited patients will be assigned anonymous patient recruitment numbers and all subsequent references and 

analyses will be performed on de-identified datasets. Patient information collected during the course of the study 

will be kept confidential in compliance to the Singapore Personal Data Protection Act. All copies of electronic 

data will be stored in a password-protected computer or thumb drive, and paper documentation will be kept in 

secure cabinets with access available only to study investigators. All study data will be kept for 6 years. 
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Dissemination of study findings 

The findings of this study will be submitted for publication in peer-reviewed journals and presented at national 

and international conferences. All data will be deposited in an appropriate data archive for sharing purposes and 

will be made freely available upon request to the corresponding author. 
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DISCUSSION AND CONCLUSION 

Population aging and the burden of chronic disease continue to weigh on already overstretched primary care 

systems worldwide.[13] By 2025, a primary care workforce crisis is anticipated in the United States.[3] Strate-

gies to mitigate this shortfall have included innovations in the primary care delivery model by expanding who 

provides care and how care is coordinated.[14] The patient-centered medical home delivers care using a team of 

healthcare providers comprising physicians, nurse clinicians, pharmacists, social workers, and care coordinators; 

while nurse-managed health centers have nurse practitioners as the primary care providers.[15, 16] Advance-

ments in e-health technologies have further enhanced the potential for patient self-care and management.[17, 18]  

Population growth and aging presents a combined challenge to the healthcare system in Singapore.[19] The past 

decade saw a population growth of 25%, with continued growth expected in the coming years. By 2030, 20% of 

the population will be aged 65 years and older. There has been a shift in the focus of healthcare – from episodic 

care in the acute hospitals to chronic care in the community, which is reflective of the evolving patient profile 

and their related needs.  

In Singapore, the primary care centers comprising government polyclinics and private medical clinics are where 

most patients receive care for their chronic health conditions.[5] A substantial proportion (45%) of patients with 

chronic disease receives care from the polyclinics due to the availability of subsidies. However, because only 

about 14% of all primary care physicians in Singapore practice in the polyclinics, there is a mismatch between 

the supply of primary care physicians and the demand for chronic disease care. The ramifications of population 

aging and the resultant chronic disease epidemic are manifest in the polyclinics where overcrowding and long 

waiting times are commonplace.  Measures to address this challenge have included efforts to enlarge the prima-

ry care workforce, extension of chronic disease healthcare subsidies to the private clinics, and initiatives to pro-

mote the stratification and right-siting of patient care needs.[19, 20] 

The establishment of the Nurse Clinician Service (NCS) was taken as a step towards the right-siting of patients 

with chronic disease in the polyclinics. Only patients with stable chronic disease are managed under the NCS, 

where they receive shared care from physicians and nurse clinicians. These patients make alternate visits be-

tween physicians and nurse clinicians in 4- to 6-monthly intervals, thereby effectively reducing the number of 

physician visits by half.  
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For some years now, healthcare kiosks have played a role in streamlining services in the healthcare industry. 

They are used for patient registration, bill payment and navigation. In recent years, healthcare kiosks have 

evolved widely. The new generation of healthcare kiosks come integrated with a variety of medical devices that 

allow for physiological parameters such as blood pressure, height and weight to be measured.[21, 22] They are 

interactive and can provide health information and advice. Undoubtedly, the self-service capacity afforded by 

healthcare kiosks can provide the leverage to relieve the manpower constraints of our primary care system. 

In our current care model, the management of patients with well-controlled chronic disease is shared between 

physicians and nurse clinicians (figure 5). Incorporating a healthcare kiosk into the care delivery model will 

facilitate a shift in the spectrum of care, so that the management of these patients is shared between a physician 

and kiosk, hence freeing nurse clinicians to take on a share in the management of patients with sub-optimally 

controlled disease. Typically, patients with sub-optimally controlled disease are initially counselled by nurse 

clinicians on lifestyle modifications before medication titration by physicians, thus making such a care model 

intuitive. By having the care of patients with well-controlled and sub-optimally controlled disease shared 

amongst physicians, nurse clinicians and healthcare kiosks, physician visits for these patients will be reduced, 

thereby allowing for more physician time to be allocated to the management of patients with poorly-controlled 

disease. 

In 2015, we designed and constructed an interactive self-service healthcare kiosk and explored the feasibility of 

using the kiosk for the management of patients with stable well-controlled chronic disease.[6] Both patients and 

physicians who participated in the study expressed high levels of acceptance and satisfaction with using the ki-

osk for chronic disease care. While previous studies have shown that substituting physicians with nurse clini-

cians in the healthcare delivery model resulted in equivalent patient outcomes, the impact of using a healthcare 

kiosk for care delivery is unknown.[23-26] This follow-up study will assess the health outcomes of patients 

managed with a healthcare kiosk. It evaluates the maintenance of stable chronic disease for such patients and 

examines the secondary outcomes of health-related quality of life and adverse events. The findings from the 

study will help determine if adoption of a healthcare kiosk into the primary care delivery model is a viable op-

tion. 

The strengths of this study are that it explores a novel approach in using a healthcare kiosk to manage patients 

with stable chronic disease, and uses a randomised controlled trial design to demonstrate comparable health 

outcomes to the current standard of care. The adoption of the kiosk into routine clinical practice will facilitate 
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optimal resource allocation for patients with varying medical needs. The limitations of this study are its single-

center design, modest sample size and short follow-up duration. Nevertheless, the findings will provide the pre-

liminary data needed to design a larger multi-center trial with longer follow-up, that will allow for cost-

effectiveness and other implications on primary care services to be further appreciated.  
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FIGURE LEGENDS 

Figure 1. Flowchart of the study protocol. 

Figure 2. The healthcare kiosk with integrated blood pressure, height and weight measuring devices. 

Figure 3. Screenshots of the kiosk graphical user interface: (a) welcome screens (b) results screens. 

Figure 4. Result slips: (a) good disease control (b) sub-optimal/poor disease control. 

Figure 5. Evolution of the primary care model. 
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Figure 1. Flowchart of the study protocol.  
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Figure 2. The healthcare kiosk with integrated blood pressure, height and weight measuring devices.  
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Figure 3. Screenshots of the kiosk graphical user interface: (a) welcome screens (b) results screens.  
 

160x98mm (300 x 300 DPI)  

 

 

Page 28 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020265 on 23 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

  

 

 

Figure 4. Result slips: (a) good disease control (b) sub-optimal/poor disease control.  
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Figure 5. Evolution of the primary care model.  
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Appendix A – Patient questionnaire for assessing satisfaction and occurrence of adverse events 

Patient recruitment number  

Date  

 

 Patient satisfaction 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

1 The schedule for my visits was convenient.     
2 I could get to the kiosk (or nurse consult room) easily.     

3 
I am satisfied with the management/treatment of my 
chronic condition. 

    

4 The time spent at the kiosk (or nurse) was just right.     

5 
I can use the kiosk (or see a nurse) instead of seeing a 
doctor for follow-up. 

    

6 
Optional: 
What did you like about the kiosk (or nurse consult)? 
What did you not like about the kiosk (or nurse consult)? 

 

 Adverse events  

1 
Did you suffer any adverse event (e.g. hospitalisation) that 
was related to the management of your chronic condition 
in the past 12 months? 

Yes/No 
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Appendix B – EQ-5D-5L questionnaire 
 
Under each heading, please tick the ONE box that best describes your health TODAY 
 
MOBILITY  
 
I have no problems in walking about       � 
I have slight problems in walking about      � 
I have moderate problems in walking about      � 
I have severe problems in walking about      � 
I am unable to walk about        � 
 
SELF-CARE  
 
I have no problems washing or dressing myself     � 
I have slight problems washing or dressing myself     � 
I have moderate problems washing or dressing myself     � 
I have severe problems washing or dressing myself     � 
I am unable to wash or dress myself       � 
 
USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities) 
 
I have no problems doing my usual activities      � 
I have slight problems doing my usual activities     � 
I have moderate problems doing my usual activities     � 
I have severe problems doing my usual activities     � 
I am unable to do my usual activities       � 
 
PAIN / DISCOMFORT 
 
I have no pain or discomfort        � 
I have slight pain or discomfort       � 
I have moderate pain or discomfort       � 
I have severe pain or discomfort       � 
I have extreme pain or discomfort       � 
 
ANXIETY / DEPRESSION  
 
I am not anxious or depressed        � 
I am slightly anxious or depressed       � 
I am moderately anxious or depressed       � 
I am severely anxious or depressed       � 
I am extremely anxious or depressed       � 
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We would like to know how good or bad your health is TODAY. 
 
This scale is numbered from 0 to 100. 
 
100 means the best health you can imagine.  
 
0 means the worst health you can imagine. 
 
Mark an X on the scale to indicate how your health is TODAY. 
 
Now, please write the number you marked on the scale in the box below. 
 
 
 
 
 
 
 
 
YOUR HEALTH TODAY =   
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Appendix C 
 

 
 

 
PARTICIPANT INFORMATION SHEET AND CONSENT FORM 

 
 

You are being invited to participate in a research study. 
 
Before you take part in this research study, the study must be explained to you and you 
must be given the chance to ask questions. Please read carefully the information 
provided here. If you agree to participate, please sign the consent form. You will be given 
a copy of this document to take home with you. 

 

STUDY INFORMATION 

Protocol Title:  

A randomized controlled trial to evaluate the health outcomes of patients with stable 
chronic disease managed with a healthcare kiosk 

Principal Investigator: 

Dr Grace Ng 
SingHealth Polyclinics – Punggol 
Blk 681 Punggol Drive 
#02-01 
Singapore 820681 
Tel: 6377 8771 
Email: grace.ng.b.h@singhealth.com.sg 
 
Study coordinator’s contact number: 

Sponsor: 

Agency for Science, Technology and Research (A*STAR) 

PURPOSE OF THE RESEARCH STUDY 

A global rise in the prevalence of chronic disease has led to an increase in the demand for 
primary healthcare services and a shortage of primary care physicians. Addressing these 
challenges calls for innovations in the healthcare delivery model including greater use of 
healthcare technology tools. You are being invited to participate in a research study to 
assess if a healthcare kiosk can be used to manage patients with stable chronic disease. We 
hope to learn if the kiosk can be as effective as healthcare providers in delivering medical 
care to stable patients. You have been selected as a potential participant for the study 
because you have at least one chronic disease condition(s) that is/are well-controlled.  

The study will involve 120 subjects recruited from SingHealth Polyclinics – Punggol and will 
be conducted over a period of 12 months. 
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STUDY PROCEDURES AND VISIT SCHEDULE 

If you agree to take part in this study, you will be randomised to be evaluated by either a 
healthcare kiosk or a nurse clinician during your subsequent follow-up visits. Randomisation 
means assigning you to one of 2 groups by chance, like tossing a coin or rolling dice. 
Randomisation will be done using a random-number generator. 

Your personal particulars and medical information will be obtained from the Polyclinic Patient 
Information System and may be used for purposes of the study only. All demographic data 
and medical information collected for the study will be anonymised. You will be given a 
medication prescription that will allow you to refill your chronic medications in 4-monthly 
intervals for the next 12 months.  

During your subsequent visits to the clinic 4 and 8 months later, you will be evaluated by 
either a nurse clinician or a healthcare kiosk. Your blood pressure, height and weight will be 
measured.  

If you are assigned to be evaluated by the kiosk, a research coordinator will guide you to use 
the kiosk. The kiosk will determine the status of your chronic condition through a screening 
questionnaire, physiological measurements (blood pressure, height, weight) and your latest 
blood test results. You will be classified into well-controlled, sub-optimally controlled, or 
poorly-controlled groups according to the kiosk decision algorithm and will be advised to 
either continue on your current medications or be evaluated by a healthcare professional. 

If you are assigned to be evaluated by a nurse clinician, your chronic condition will be 
assessed and managed as per routine clinical practice for patients with stable chronic 
disease.  

At the end of the study, all study participants will be reviewed by a doctor. 

All study participants will be asked to complete questionnaires at the start and at the end of 
the study. The questionnaires will be used to assess your health status, satisfaction, and any 
adverse events that may have occurred during the course of the study. The questionnaires 
will take about 15 minutes to complete. 

 

Schedule of visits and procedures:  
Visit 1: recruitment 

Visit 2 and 3 (Weeks 4 and 8): evaluation by healthcare kiosk or nurse clinician 

Final Visit (Week 12): evaluation by doctor 

 
YOUR RESPONSIBILITIES IN THIS STUDY 

If you agree to participate in this study, you should: 

• Keep your study appointments. Please contact the research coordinator if you need to 
reschedule an appointment. 

• Follow the instructions of the research coordinator during your follow-up appointments. 

• Answer the study questionnaires to the best of your knowledge. 
The above points are applicable to all study participants. 
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WITHDRAWAL FROM STUDY 

You are free to withdraw from the study at any time without prejudice to you or your future 
medical care. Please inform the research coordinator or Principal Investigator if you decide to 
withdraw from the study. You will be scheduled for routine clinic visits for your subsequent 
follow-up care.  

However, the data that have been collected until the time of your withdrawal will be kept and 
analysed. The reason is to enable a complete and comprehensive evaluation of the study. 

Your doctor, the Principal Investigator of this study may stop your participation in the study at 
any time for one or more of the following reasons: 

• Your chronic disease condition(s) is/are no longer well-controlled;  

• Failure to follow the instructions of the Principal Investigator and/or study staff; 

• The study is discontinued; 

• Any other unforeseen circumstances. 

WHAT IS NOT STANDARD CARE OR EXPERIMENTAL IN THIS STUDY 

The healthcare kiosk is not a standard way of care delivery for patients with stable chronic 
disease. Your participation in the study will help us to determine if the kiosk can deliver 
equivalent healthcare that is comparable to the existing care delivery method. 

POSSIBLE RISKS, DISCOMFORTS AND INCONVENIENCES 

Technical problems that can arise during kiosk usage may cause delays that result in longer 
visits or the need for rescheduled appointments.   

POTENTIAL BENEFITS 

You may benefit from shorter waiting times as compared to routine follow-up visits. Your 
participation in the study will help contribute to the medical knowledge on healthcare kiosks.  

ALTERNATIVES 

If you choose not to participate in the study, you will continue to receive standard care as for 
patients with chronic disease. 

PARTICIPANT’S RIGHTS  

Your participation in this study is entirely voluntary. Your questions will be answered clearly 
and to your satisfaction.   

In the event of any new information becoming available that may be relevant to your 
willingness to continue in this study, you (or your legal representative, if relevant) will be 
informed in a timely manner by the Principal Investigator or his/her representative and will be 
contacted for further consent if required. 

By signing and participating in the study, you do not waive any of your legal rights to revoke 
your consent and withdraw from the study at any time.   

CONFIDENTIALITY OF STUDY AND MEDICAL RECORDS 

Information collected for this study will be kept confidential. Your records, to the extent of the 
applicable laws and regulations, will not be made publicly available. Only your Investigator(s) 
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will have access to the confidential information being collected. 

However, Regulatory Agencies, Institutional Review Board and Ministry of Health will be 
granted direct access to your original medical records to check study procedures and data, 
without making any of your information public.  

By signing the Consent Form, you consent to (i) the collection, access to, use and storage of 
your Personal Data by SingHealth Polyclinics, and (ii) the disclosure of such Personal Data 
to our authorised service providers and relevant third parties for the purpose of future 
research studies (“Future Studies”).  

Where required, such Future Studies will be submitted for review and necessary approval by 
the relevant institutional review board.  

“Personal Data” means data about you which makes you identifiable (i) from such data or (ii) 
from that data and other information which an organisation has or likely to have access. 
Examples of personal data include medical conditions, medications, investigations and 
treatment history.  

By signing the Consent Form, you also confirm that you have read, understood and 
consented to the SingHealth Data Protection Policy, the full version of which is available at 
www.singhealth.com.sg/pdpa. 

  
Data collected and entered into the Data Collection Form(s) are the property of SingHealth 
Polyclinics. In the event of any publication regarding this study, your identity will remain 
confidential. 

COSTS OF PARTICIPATION 

If you take part in this study, the following will be performed at no charge to you: Nurse and 
kiosk visits 

If you take part in this study, you will have to pay for the following: Doctor’s visit at the end of 
study, routine tests and medications. 

You will be reimbursed for your time, inconvenience and transportation costs as follows:  

• If you complete the study, you will receive vouchers worth S$20 (for 2 nurse or kiosk 
visits).  

• If you do not complete the study for any reason, you will receive vouchers worth S$10 
for each nurse or kiosk visit you complete. 

RESEARCH RELATED INJURY AND COMPENSATION 

The Polyclinic does not make any provisions to compensate study participants for research 
related injury. However, compensation may be considered on a case-by-case basis for 
unexpected injuries due to non-negligent causes. 
 
By signing the Consent Form, you will not waive any of your legal rights or release the 
parties involved in this study from liability for negligence.  
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WHO TO CONTACT IF YOU HAVE QUESTIONS REGARDING THE STUDY 

If you have questions about this research study or in the case of any injuries during the 
course of this study, you may contact the Principal Investigator Dr Grace Ng at Tel: 6377 
8771 or via email at grace.ng.b.h@singhealth.com.sg 

 

WHO HAS REVIEWED THE STUDY 
This study has been reviewed by the SingHealth Centralised Institutional Review Board for 
ethics approval.  

If you have questions about your rights as a participant, you can call the SingHealth 
Centralised Institutional Review Board at 6323 7515 during office hours (8:30 am to 5:30pm). 

If you have any complaints about this research study, you may contact the Principal 
Investigator or the SingHealth Centralised Institutional Review Board.  
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CONSENT FORM 

Details of Research Study 
Protocol Title: 
A randomized controlled trial to evaluate the health outcomes of patients with stable chronic disease 
managed with a healthcare kiosk 

Principal Investigator: 
 
Dr Grace Ng 
SingHealth Polyclinics – Punggol 
Blk 681 Punggol Drive  
#02-01 
Singapore 820681 
Tel: 6377 8771   
Email: grace.ng.b.h@singhealth.com.sg 
 

Participant’s Particulars 
Name:        NRIC No.: 
 
Address: 
 
 
Sex:  Female/Male       Date of birth   _______________ 
                        dd/mm/yyyy           
           
Race:  Chinese/ Malay/ Indian /Others (please specify)   ________________________       
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I agree to participate in the research study as described and on the terms set out in the Participant 
Information Sheet.  
 
I have fully discussed and understood the purpose and procedures of this study. I have been given 
the Participant Information Sheet and the opportunity to ask questions about this study and have 
received satisfactory answers and information.  
 
I understand that my participation is voluntary and that I am free to withdraw at any time, without 
giving any reasons and without my medical care being affected.  
 
By participating in this research study, I confirm that I have read, understood and consent to the 
SingHealth Data Protection Policy. I also consent to the use of my Personal Data for Future 
Research.  
 
 
 
 
 
_______________________             _______________________      ________________ 
         Name of participant                 Signature/Thumbprint (Right / Left)          Date of signing 
 
 
To be filled by parent / legal guardian / legal representative, where applicable 
 
I hereby give consent for the above participant to participate in the proposed research study. The 
nature, risks and benefits of the study have been explained clearly to me and I fully understand 
them.   
 
I confirm that I have read, understood and consent to the SingHealth Data Protection Policy. I also 
consent to the use of the participant’s Personal Data for Future Research.  
 
 
 
 
________________________       __________________________         _______________ 
         Name of participant’s                                  Signature                          Date of signing 
         parent /legal guardian 
 
To be filled by translator, if required 
 
The study has been explained to the participant/ legal representative in  
 
 
____________________________________by _____________________________________. 
                             Language                                                           Name of translator 
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To be filled witness, where applicable 
 
I, the undersigned, certify that: 

• To the best of my knowledge, the participant or the participant’s legal representative 
signing this informed consent form had the study fully explained in a language understood 
by him/ her and clearly understands the nature, risks and benefits of his/ her participation 
in the study. 

• I have taken reasonable steps to ascertain the identity of the participant or the participant’s 
legal representative giving the consent. 

• I have taken steps to ascertain that the consent has been given voluntarily without any 
coercion or intimidation. 

 
 
Witnessed by: ________________________________ ________________________ 
  Name of witness  Designation of witness 
 
 
 
 ________________________________ ________________________ 
  Signature of witness  Date of signing 
 
 
1. Impartial witness is applicable for Clinical Trials regulated by HSA, if necessary. An impartial witness should be present during the 
entire informed consent discussion if a participant or the participant’s legal representative is unable to read, and/or sign and date on the 
consent form (i.e. using the participant or legal representative thumbprint). The impartial witness should be independent of the trial. 
2. In accordance with section 6(d) of the HBRA and regulation 25 of the HBR Regulations 2017, appropriate consent must be obtained 
in the presence of a prescribed witness who is 21 years of age or older, and has mental capacity. The witness must be present during 
the entire informed consent discussion, and must not be the same person taking the appropriate consent. The witness may be a 
member of the team carrying out the research. 
 
 
Investigator’s Statement 

I, the undersigned, certify to the best of my knowledge that the participant/participant’s legal 
representative signing this consent form had the study fully explained and clearly understands the 
nature, risks and benefits of his/ her/ his ward’s/ her ward’s participation in the study. 
 
 
________________________ _______________________ ________________ 
         Name of Investigator/  Signature   Date 
          Study Coordinator 
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ABSTRACT 

Introduction The rising prevalence of chronic disease is leading to an increase in the demand for primary care 

services and a shortage of primary care physicians globally. Addressing these challenges calls for innovations in 

the healthcare delivery model with greater use of healthcare technology tools. We previously examined the fea-

sibility of using an automated healthcare kiosk for the management of patients with stable chronic disease in the 

primary care setting. The aim of this follow-up study is to evaluate the health outcomes of patients with chronic 

disease who are on kiosk management compared to patients who are on routine management by nurse clinicians.   

Methods and analysis The pilot study will be a 2-armed randomised controlled trial of 120 patients with well-

controlled chronic disease on 4-monthly follow-up visits over a 12-month period. Patients with prior diagnoses 

of hypertension, hyperlipidemia, and/or diabetes will be included in the study, and will be randomly assigned to 

intervention or control groups to receive kiosk or nurse management respectively. The main primary outcome 

measure is the overall chronic disease control of the patients. Other primary outcome measures are the blood 

pressure and low-density lipoprotein cholesterol levels for patients without diabetes; and blood pressure, low-

density lipoprotein cholesterol and haemoglobin A1c levels for patients with diabetes. Secondary outcome 

measures are visit duration, patient satisfaction with the management process, health-related quality of life, and 

the occurrence of any adverse event. Data will be captured longitudinally at baseline, 4 months, 8 months, and 

12 months, and will be analysed using multiple regression models.  

Ethics and dissemination The study has been approved by the Singapore Health Services (SingHealth) Cen-

tralised Institutional Review Board (2017/2715). Findings of the study will be submitted for publication in peer-

reviewed journals and presented at national and international conferences. 

Trial registration number ClinicalTrials.gov NCT03274089 

 

Keywords chronic disease; primary care; randomised controlled trial; technology 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

• A novel approach using a healthcare kiosk to manage patients with stable chronic disease is examined; the 

patients are empowered to monitor and review their own health conditions with reduced dependence on 

healthcare providers. 

• Demonstrating comparable health outcomes for patients managed with a healthcare kiosk to the current 

standard of care will facilitate the adoption of the kiosk into routine clinical practice, allowing for the opti-

mal utilisation of medical resources.  

• Randomised controlled trial design minimises the risk of any selection bias. 

• Single-center study design and small sample size may limit the generalisability of the study findings; how-

ever, the study will provide the preliminary data required to design a larger multi-center trial with longer-

term follow-up. 

• Due to the nature of the intervention, this will be an open-label trial; however objective assessments of the 

outcome measures will limit any bias. 
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INTRODUCTION 

Background and significance 

The rising burden of chronic disease is leading to an increase in the demand for primary healthcare services and 

a shortage of primary care physicians.[1, 2] By 2025, primary care physician shortage of up to 31000 is ex-

pected.[3] Addressing this shortage entails a multi-prong approach that includes innovations in healthcare deliv-

ery, greater use of healthcare technology, and more efficient use of all healthcare professionals on the care team. 

In Singapore, primary healthcare is provided by public polyclinics and private medical clinics.[4] Approximate-

ly 20% of primary healthcare is provided by 18 polyclinics, with the remaining 80% provided by around 2000 

private medical clinics. The chronic disease load is however not distributed in corresponding proportions, with 

almost half (45%) of patients with chronic disease managed by the polyclinics.[5] The polyclinics are therefore 

responsible for a significant proportion of chronic disease care in Singapore. Together with an aging population 

and physician shortage, there is a need for a transformation in the practice and delivery of primary care so as to 

cope with the increasing patient load. 

Patients who seek primary healthcare vary in their time and resource requirements. Patients with acute medical 

conditions or poorly-controlled chronic disease typically require more time and attention compared to patients 

with well-controlled chronic disease. It would therefore be useful if patient care needs can be appropriately 

stratified so that more time and resources are allocated to those who need them.  

At present, patients with chronic disease make regular follow-up visits to their primary care provider for as-

sessments of their chronic disease status and for changes to their medications as necessary. Patients with well-

controlled stable chronic disease may go through several visits to their primary care provider in 3 or 4-monthly 

intervals with little or no change to their medication regimen. In the polyclinics, these patients are co-managed 

by a nurse clinician under the Nurse Clinician Service. However, these patients will still have to routinely wait 

in line with the rest of the polyclinic crowd for a doctor or nurse consultation before getting their regular supply 

of medications. We saw the possibility of replacing some of these visits with an automated healthcare kiosk, so 

that these patients can continue on their current medications if their disease condition remained stable, without 

having to see a doctor or nurse. 

We designed and constructed an interactive self-service healthcare kiosk (Self-empowering and enabling kiosk 

– SEEK

 MyHealthKiosk) that allows patients to measure their physiological parameters (blood pressure, 

Page 4 of 46

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020265 on 23 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

5 

height and weight) in a sequential manner.[6] The kiosk combines the patients’ physiological parameters and 

their recent laboratory results to classify patients into good, sub-optimal, or poor-control groups. The kiosk then 

produces a result slip for the patient with instructions to continue on their current medications (for patients with 

good disease control), or to see a nurse or doctor for further management (for patients with sub-optimal or poor 

disease control). 

Using SEEK, we performed a feasibility study at a polyclinic (SingHealth Polyclinics (SHP) – Bedok).[6] One-

hundred patients with stable chronic disease were recruited for the study. These patients used a kiosk in place of 

seeing a doctor for two subsequent follow-up visits over a period of 9 months. We refined and verified the accu-

racy of the kiosk and optimised independent kiosk usage with the provision of multi-language translations in 

audio and visual forms. Patients and healthcare providers who participated in the study expressed high levels of 

acceptance and satisfaction with the use of the healthcare kiosk for chronic disease care. 

Study aims 

The aim of this follow-up study is to show equivalence of health outcomes for patients managed with the 

healthcare kiosk compared to the current standard of care. The main primary outcome measure to be compared 

is the overall chronic disease control of the patients. Other primary outcome measures to be compared are the 

blood pressure and low-density lipoprotein cholesterol levels for patients without diabetes; and blood pressure, 

low-density lipoprotein cholesterol and haemoglobin A1c levels for patients with diabetes.  

Secondary outcome measures to be compared are (1) visit duration, (2) patient satisfaction with the management 

process, (3) health-related quality of life, and (4) the occurrence of any adverse event. 

We hypothesise that patients with well-controlled chronic disease who are managed by the kiosk show equiva-

lent health outcomes, with the benefit of shorter visit time, when compared to patients who are managed by a 

nurse clinician. 
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METHODS AND ANALYSIS 

Study design 

The study will be a randomised controlled equivalence trial conducted in a public primary care polyclinic in 

Singapore over a duration of 12 months. Figure 1 shows the study design.  

The polyclinic is sited in the North-eastern region of Singapore within an urban setting and adjacent to public 

housing estates. It serves a growing population of about 146 640 multi-ethnic Asian residents.[7] 

Study population 

Patients must meet all the eligibility criteria to be enrolled into the study. Eligible patients (1) are between the 

ages of 21 and 75 years, (2) have at least one chronic medical condition that includes hypertension, hyper-

lipidemia, diabetes mellitus, (3) have blood pressure (BP), low-density lipoprotein cholesterol (LDL-C) and 

HbA1c (for diabetics) levels within the recommended targets according to the Ministry of Health (MOH) Sin-

gapore clinical practice guidelines for their current and last follow-up visits, and (4) are able to provide in-

formed consent. 

Patients with other co-morbidities such as ischemic heart disease and stroke may also be included in the study. 

We have excluded patients above 75 years of age for this study as the recommended levels for the clinical indi-

cators of BP and HbA1c are less stringent for these patients compared to the general patient population with 

chronic disease. 

Exclusion criteria are patients who (1) have serum creatinine more than 140 mmol/L (from tests done within the 

past year), (2) have serum potassium less than 3.5 mmol/L or more than 5 mmol/L (from tests done within the 

past year), (3) have overt proteinuria (urine protein:creatinine ratio more than 0.5), (4) were discharged from 

hospital or specialist follow-up within the last 6 months, (5) have any pending laboratory or investigation result, 

(6) are scheduled for any laboratory investigation within the next 4 months (except HbA1c), (7) have any new 

complaints related to their chronic medical conditions, or (8) have a known history of white coat hypertension. 

From our previous feasibility study,[6] we anticipate the majority of our study patients to be in their fifth to sev-

enth decade of life, to be of Chinese ethnicity, and have received secondary school education or less. For this 

study, the demographic data (age, gender, ethnicity, education level) of all recruited patients will be recorded 

and analysed. 
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Sample size estimation 

We have chosen a sample size of 120 based on a realistic estimation of the number of patients that can be re-

cruited from our study site, taking into consideration patient visits, operational constraints, and study timeline. 

The recruitment phase for this study is planned over 80 days. For our previous study, we recruited 1 to 3 pa-

tients per day which gives us an estimated recruitment of 80 to 240 patients. 

We acknowledge the small sample size as a limitation. However, the study will serve as a pilot to provide the 

preliminary data required to design a larger multi-center trial with longer-term follow-up. It will enable us to 

establish the power calculations and evaluate the financial and logistic feasibility of a full-scale study. 

Recruitment and randomisation 

Recruitment for the study will begin in March 2018. Patients will be recruited when they come for their regular 

chronic care visits at a primary care polyclinic (SHP – Punggol). Eligible patients will be invited by their attend-

ing primary care provider to participate in the study. Patients who are agreeable to participate will provide writ-

ten informed consents to a research coordinator. Patient demographic data (age, gender, ethnicity, education 

level), disease diagnoses, and recent laboratory results will be obtained from the electronic health records (EHR) 

of the clinic. 

Recruited patients will be given a prescription that will enable them to refill their chronic medications in 4-

monthly intervals for the next 12 months and will be randomly assigned to one of two study arms (intervention 

or control) in a 1:1 ratio (60 patients per arm) by a computerised random-number generator, stratified by diabet-

ic status. Prior to enrolment, group allocation will be concealed in opaque envelopes. Patients in both groups 

will be reviewed at 4-monthly intervals. To encourage protocol compliance, patients will receive telephone re-

minders from the research coordinator prior to each follow-up visit. Patients in the intervention group will be 

evaluated by a healthcare kiosk while patients in the control group will be managed by a nurse clinician. Due to 

the nature of the intervention, patients will not be blinded to the group allocation. Bias will be minimised by the 

objective assessments of the outcome measures. All patients will be allowed concomitant medical care during 

the course of the study. 
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Study intervention 

We previously designed and developed an interactive self-service healthcare kiosk (self-empowering and ena-

bling kiosk – SEEK

 MyHealthKiosk) that is equipped with an automated BP machine, and height and weight 

measuring devices, which allows patients to measure their own physiological parameters in a sequential manner 

(figure 2).[6] The kiosk combines the patients’ physiological parameters and recent laboratory results to classify 

patients into good, sub-optimal, or poor-control groups. The kiosk then produces a result slip for the patient with 

instructions to continue on their current medications (for patients with good disease control), or to see a nurse 

clinician or doctor for further management (for patients with sub-optimal or poor disease control, respectively).  

The graphical user interface of the kiosk was developed as a web application using Active Server Pages 

(ASP).NET, with decision algorithms coded in C#, C++, JavaScript and Hyper Text Markup Language 

(HTML). Representative screenshots of the user interface are shown in figure 3. 

In this follow-up study, patients who are assigned to the intervention arm will be evaluated by the kiosk at 4 and 

8 months after recruitment. Patients will interact with the kiosk via a touch screen monitor. Kiosk instructions 

are available in English, Mandarin and Malay languages in visual and audio forms. Each kiosk interaction be-

gins with scanning of the barcode of the patient’s identification card or clinic appointment card, followed by a 

screening questionnaire to assess if the patient has any acute complaints that require a doctor’s consultation. The 

patient’s blood pressure, height and weight will then be measured. The research coordinator will ensure the pa-

tient performs the correct actions and is positioned correctly during physiological measurements. 

Kiosk decision algorithm 

Based on their risk-factor profiles (table 1), patients will be stratified into very high, high, medium or low risk 

categories. Management will involve controlling the disease targets of BP, LDL-C and HbA1c levels according 

to the prevailing MOH clinical practice guidelines.[8]  

The latest laboratory results (LDL-C and HbA1c (for patients with diabetes)) of recruited patients will be re-

trieved from the EHR. Based on the answers from the screening questionnaire, combined with the BP measure-

ments and laboratory results, patients will be triaged into well-controlled, sub-optimally controlled or poorly-

controlled groups according to a decision algorithm (table 2). 
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Table 1. Chronic disease risk stratification and disease targets. 

Medical conditions • Ischemic heart disease 

• Cerebral vascular acci-

dent (ischemic) 

• Peripheral vascular dis-

ease 

• DM with CKD (stage 3-

4) 

• Aortic aneurysm 

• Familial hypercholester-

olemia 

• CKD with eGFR <60 

ml/min/1.73m2 

OR DM (not both) 

 

Estimated 10-year CHD 

risk a 

 

Risk stratum 

 

 

 

Very high  

(any of the above present) 

 

>20%  

(or any of the above present) 

High 

 

10-20% 

 

Medium 

 

<10% 

 

Low 

Disease targets: 

LDL-C (mmol/L) 

Blood pressure (mmHg) 

 

HbA1c (%) 

 

<2.1 

<140/90  

< 140/80 (with DM) 
<7 

 

<2.6 

<140/90 

< 140/80 (with DM) 
<7 

 

<3.4 

<140/90 

 
 

 

<4.1 

<140/90 

 
 

DM, diabetes mellitus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CHD, coronary heart dis-

ease; LDL-C, low-density lipoprotein cholesterol; HbA1c, haemoglobin A1c 
a By Framingham Risk Score based on age, smoking status, systolic blood pressure, high-density lipoprotein and total cho-

lesterol levels 
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Table 2. Decision algorithm. 

For patients with diabetes: 

Very high risk patient 

Blood pressure (mmHg) <90/60 90/60 – 139/79 140/80 – 159/99 >=160/100 

LDL-C (mmol/L)  <2.1 2.1 – 2.5 >=2.6 

HbA1c (%) <6 6 – 7 7.1 – 8 >8 

Kiosk decision See doctor  

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

High risk patient 

Blood pressure (mmHg) <90/60 90/60 – 139/79 140/80 – 159/99 >=160/100 

LDL-C (mmol/L)  <2.6 2.6 – 3.3 >=3.4 

HbA1c (%) <6 6 – 7 7.1 – 8 >8 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

 

For patients without diabetes: 

Very high risk patient 

Blood pressure (mmHg) <90/60 90/60 – 139/89 140/90 – 159/99 >=160/100 

LDL-C (mmol/L)  <2.1 2.1 – 2.5 >=2.6 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present) 

See doctor 

(any of the above 

present) 

High risk patient 

Blood pressure (mmHg) <90/60 90/60 – 139/89 140/90 – 159/99 >=160/100 

LDL-C (mmol/L)  <2.6 2.6 – 3.3 >=3.4 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse  

(any of the above 

present) 

See doctor 

(any of the above 

present) 

Medium risk patient 

Blood pressure (mmHg) <90/60 90/60 – 139/89 140/90 – 159/99 >=160/100 

LDL-C (mmol/L)  <3.4 3.4 – 4.0 >=4.1 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse 

(any of the above 

present)  

See doctor 

(any of the above 

present) 

Low risk patient 

Blood pressure (mmHg) <90/60 90/60 – 139/89 140/90 – 159/99 >=160/100 

LDL-C (mmol/L)  <4.1 4.1 – 4.8 >=4.9 

Kiosk decision See doctor 

(any of the above 

present) 

Medicine refill 

(all of the above 

satisfied) 

See nurse  

(any of the above 

present) 

See doctor 

(any of the above 

present) 

Green (well-controlled) – continue current medications; orange (sub-optimally controlled) – see nurse clinician; 

red (poorly-controlled) – see doctor 

LDL-C, low-density lipoprotein cholesterol; HbA1c, haemoglobin A1c 

 

 

 

 

 

Page 10 of 46

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020265 on 23 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

11 

Kiosk evaluation and triage 

The overall chronic disease control of a patient will be determined via physiological measurements and labora-

tory results as described previously. If a patient’s chronic disease condition remained well-controlled, the kiosk 

will advise the patient to continue on his or her current medications. If a patient’s chronic disease condition was 

sub-optimally or poorly-controlled, the kiosk will advise the patient to consult with a nurse clinician or doctor, 

respectively. At the end of each kiosk visit, the patient will receive a print-out that shows the physiological 

measurements, laboratory results and kiosk decision (figure 4). The research coordinator will verify the BP 

measurement and kiosk decision before allowing the patient to proceed with the kiosk advisory. BP reading will 

be verified after each kiosk usage with a repeat measurement taken using a validated automatic digital BP moni-

tor. Kiosk decision accuracy will be verified by checking the patient’s parameters and laboratory results against 

the decision algorithm (table 2) to ensure that the patient has been correctly classified.  Kiosk accuracy in terms 

of triage decisions and BP measurements will be recorded. Patients who have sub-optimal or poorly-controlled 

disease will be taken out of further kiosk visits and attend routine clinic consultations for their subsequent fol-

low-up visits. 

Control group 

Patients who have been assigned to the control group will be managed by a nurse clinician for their next 2 visits 

at 4 and 8 months after recruitment. These patients will be managed as per the standard clinical practice for pa-

tients with stable chronic disease on the Nurse Clinician Service. 

All patients (intervention and control groups) will be reviewed by a doctor at their final study visit 12 months 

after recruitment. 

Withdrawals 

Patients may be withdrawn from the study at any time if (1) the patient makes a voluntary decision to withdraw, 

(2) the patient has a serious adverse event or develops any medical condition that makes the patient unsuitable 

for further participation in the study, or (3) the study is terminated. Patients who have withdrawn from the study 

will continue to receive standard clinical care. 
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Study outcomes 

The main primary outcome measure to be compared is the overall chronic disease control of the patients. Other 

primary outcome measures to be compared are BP and LDL-C for patients without diabetes; and BP, LDL-C 

and HbA1c for patients with diabetes. All variables except LDL-C will be assessed at baseline, 4 months, 8 

months, and 12 months post-recruitment. LDL-C levels will be measured from fasting blood samples taken at 

baseline and 12 months post-recruitment, in accordance to the MOH Singapore clinical practice guidelines 

which recommend yearly review of LDL-C for patients with stable disease. 

The overall chronic disease control (well-, sub-optimally, poorly-controlled) of all patients will be determined 

using the decision algorithm (table 2).  

For patients in the intervention group, BP will be taken at the kiosk by an integrated automatic BP machine. 

Measuring devices in the kiosk have been certified by the Health Sciences Authority of Singapore to be of an 

acceptable standard in accordance to the Health Products Act and Health Products (Medical Devices) Regula-

tions. 

For patients in the control group, BP will be taken using a validated automatic digital BP monitor by a nurse 

clinician who will adhere to the American Heart Association guidelines for BP measurements.[9] At each visit, 

the patient’s BP will be established by a minimum of 2 measurements taken with at least 1-minute interval be-

tween them, and the average of these readings will be recorded. If there is a greater than 5 mmHg difference 

between the first and second readings, additional readings will be obtained and the average of the closest read-

ings will be used to represent the patient’s BP.  

For patients with diabetes, HbA1c will be measured at an on-site laboratory in the clinic. Capillary blood sam-

ples will be obtained via finger-pricks done by trained laboratory technicians as per routine clinical practice, and 

analysed using a point-of-care device, with results available in 6 minutes. This test will be done just prior to 

each kiosk usage or nurse consultation, for patients in the intervention and control groups respectively.  

The secondary outcome measures to be assessed are visit duration, patient satisfaction with the management 

process, health-related quality of life, and the occurrence of any adverse event. Data for these variables will be 

collected at specific time-points during the course of the study (table 3). 
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Table 3. Data collection schedule. 

Data collected Recruitment 4 months 8 months 
12 months  

(end of study) 

Primary outcome measures     

Overall disease control × × × × 

Blood pressure × × × × 

LDL-C ×   × 

HbA1c × × × × 

Secondary outcome measures     

Visit duration  × ×  

Satisfaction and adverse events 

questionnaire 
   × 

EQ-5D-5L questionnaire ×   × 

 

The duration for each patient visit will be measured from time of registration to end of kiosk usage or nurse con-

sultation, and will be recorded by the research coordinator using a stopwatch.  

Patient satisfaction and occurrence of adverse events will be assessed by a questionnaire designed for this study 

(online supplementary appendix A). Satisfaction with kiosk or nurse management will be assessed on a Likert 

scale in the following areas: convenience of visit schedule, location of kiosk or nurse consultation, appropriate-

ness of management, duration of time spent at kiosk usage or nurse consultation, and the replacement of a doc-

tor’s visit by the kiosk or nurse clinician. Qualitative feedback will be captured via free-text inputs.  

Health-related quality of life will be assessed using the EQ-5D-5L instrument (online supplementary appendix 

B).[10]   

Data management and monitoring 

Data collected from the study will be stored electronically and as hardcopies. Electronic data will be stored in a 

password-protected computer or a thumb drive that is kept in a locked drawer in the principal investigator’s 

(PI’s) office; and hardcopy data will be stored in locked cabinets in the PI's office. Only study investigators will 

have access to the study data. 
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During the course of the study, the PI will ensure protocol adherence and will review collected data regularly. 

The PI and research coordinator will check data collection forms fortnightly for completeness and accuracy (in-

cluding range checks, missing data and double-entry). Physical and digital records will be cross-checked for 

consistency. A research executive from the SHP Department of Research will audit every participant’s records 

at 3-monthly intervals to ensure that record-keeping meets regulatory requirements and is kept up-to-date.   

Data safety and monitoring are subject to audit by the SHP Department of Research and the SingHealth Central-

ised Institutional Review Board (CIRB). The PI will report any adverse event or deviation from the study proto-

col to the CIRB within the stipulated timeframe.  

An independent trial advisory committee, comprising representatives from the Departments of Clinical Services 

and Operations, Finance, Nursing, Pharmacy and Information Technology (Integrated Health Information Sys-

tems – IHiS), will be updated on trial progress at quarterly intervals and will give recommendations for discon-

tinuation, modification or continuation of the study. Members of this committee will not be directly involved in 

the trial and will be free to review any information or study process related to the trial. 

Analysis 

Descriptive analysis 

Descriptive statistics will be used to summarise the baseline characteristics of the patients in the study arms. 

Continuous data will be described in terms of means and standard deviation (or median and interquartile range 

for asymmetrical data). Categorical data will be described in terms of percentages. 

Statistical tests 

Analysis will be done using SPSS (Statistical Package for Social Sciences) Statistics version 24.0 with an alpha 

of .05 set a priori. The primary outcome variables of overall chronic disease control, BP, LDL-C and HbA1c 

(for diabetics) will be captured longitudinally over 12 months and will be assessed using multiple regression 

models (linear and logistic regression analysis for continuous and categorical outcome variables respectively). 

The effect of the intervention will be analysed after adjusting for patient age, gender, ethnicity and education 

level. For the analysis over time, mixed-design analysis of variance will be used, with intervention as the be-

tween-subject factor and time as the within-subject factor. The analyses for BP, LDL-C and HbA1c will be ap-

plied to the relevant stratified samples.  
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For demographic and secondary outcome data, continuous variables will be compared using the Student’s t-test 

or the Wilcoxon Mann-Whitney test, and categorical variables will be compared using the Pearson’s chi-square 

test. Data analyses will be performed on an intention-to-treat basis. 
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ETHICS AND DISSEMINATION 

Research ethics approval 

The study will be conducted in accordance to the ethical principles of the Helsinki Declaration guidelines.[11] 

Ethical approval for the study has been obtained from the SingHealth CIRB and the study has been registered 

with ClinicalTrials.gov (NCT03274089). In the event of any important modification to the study protocol, the 

CIRB, trial advisory committee, study team members and trial participants will be informed. The CIRB will be 

informed of any protocol change via an online CIRB Amendment Form and any change will be implemented 

only after approval has been obtained. The trial advisory committee and study team members will be informed 

of any change to the protocol via email or in person; and trial participants will be informed of any change to the 

protocol via phone or in person.  

Consent 

Patients who are eligible for the study will be referred by their attending primary care provider to the research 

coordinator who will carry out the informed consent process. Details of the study will be explained to the pa-

tients, including its objectives, process, duration, and possible risks and benefits. Patients will be informed that 

participation in the study is entirely voluntary and their decision to participate in the study will not affect their 

future medical care. Recruited patients will have the right to withdraw from the study at any time. Patients will 

be given the opportunity to ask questions about the study and given time for consideration to participate. Pa-

tients who decide to participate in the study may then voluntarily sign on the informed consent form (online 

supplementary appendix C).  

Confidentiality 

Recruited patients will be assigned anonymous patient recruitment numbers and all subsequent references and 

analyses will be performed on de-identified datasets. Patient information collected during the course of the study 

will be kept confidential in compliance to the Singapore Personal Data Protection Act. All copies of electronic 

data will be stored in a password-protected computer or thumb drive, and paper documentation will be kept in 

secure cabinets with access available only to study investigators. All study data will be kept for 6 years. 
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Declaration of interests 
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ricated the kiosk, had no role in the study design, and will have no role in its conduct, data collection, interpreta-

tion and analysis. 

Dissemination of study findings 

The findings of this study will be submitted for publication in peer-reviewed journals and presented at national 

and international conferences. 
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DISCUSSION AND CONCLUSION 

Population aging and the burden of chronic disease continue to weigh on already overstretched primary care 

systems worldwide.[12] By 2025, a primary care workforce crisis is anticipated in the United States.[3] Strate-

gies to mitigate this shortfall have included innovations in the primary care delivery model, by expanding who 

provides care and how care is coordinated.[13] The patient-centered medical home delivers care using a team of 

healthcare providers comprising physicians, nurse clinicians, pharmacists, social workers, and care coordinators; 

while nurse-managed health centers have nurse practitioners as the primary care providers.[14, 15] Advance-

ments in e-health technologies have further enhanced the potential for patient self-care and management.[16, 17]  

Population growth and aging presents a combined challenge to the healthcare system in Singapore.[18] The past 

decade saw a population growth of 25%, with continued growth expected in the coming years. By 2030, 20% of 

the population will be aged 65 years and older. There has been a shift in the focus of healthcare – from episodic 

care in the acute hospitals to chronic care in the community, which is reflective of the evolving patient profile 

and their related needs.  

In Singapore, the primary care centers comprising public polyclinics and private medical clinics are where most 

patients receive care for their chronic health conditions.[5] A substantial proportion (45%) of patients with 

chronic disease receives care from the polyclinics due to the availability of subsidies. However, because only 

about 14% of all primary care physicians in Singapore practice in the polyclinics, there is a mismatch between 

the supply of primary care physicians and the demand for chronic disease care. The ramifications of population 

aging and the resultant chronic disease epidemic are manifest in the polyclinics where overcrowding and long 

waiting times are commonplace.  Measures to address this challenge have included efforts to enlarge the prima-

ry care workforce, extension of chronic disease healthcare subsidies to the private clinics, and initiatives to pro-

mote the stratification and right-siting of patient care needs.[18, 19] 

The establishment of the Nurse Clinician Service (NCS) was taken as a step towards the right-siting of patients 

with chronic disease in the polyclinics. Only patients with stable chronic disease are managed under the NCS, 

where they receive shared care from physicians and nurse clinicians. These patients make alternate visits be-

tween physicians and nurse clinicians in 4- to 6-monthly intervals, thereby effectively reducing the number of 

physician visits by half.  
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For some years now, healthcare kiosks have played a role in streamlining services in the healthcare industry. 

They are used for patient registration, bill payment and navigation. In recent years, healthcare kiosks have 

evolved widely. The new generation of healthcare kiosks come integrated with a variety of medical devices that 

allow for physiological parameters such as blood pressure, height and weight to be taken.[20, 21] They are in-

teractive and can provide health information and advice. Undoubtedly, the self-service capacity afforded by 

healthcare kiosks can provide the leverage to relieve the manpower constraints of our primary care system. 

In our current care model, the management of patients with well-controlled chronic disease is shared between 

physicians and nurse clinicians (figure 5). Incorporating a healthcare kiosk into the care delivery model will 

facilitate a shift in the spectrum of care, so that the management of these patients is shared between a physician 

and kiosk, hence freeing nurse clinicians to take on a share in the management of patients with sub-optimally 

controlled disease. Typically, patients with sub-optimally controlled disease are initially counselled by nurse 

clinicians on lifestyle modifications before medication titration by physicians, thus making such a care model 

intuitive. By having the care of patients with well-controlled and sub-optimally controlled disease shared 

amongst physicians, nurse clinicians and healthcare kiosks, physician visits for these patients will be reduced, 

thereby allowing for more physician time to be allocated to the management of patients with poorly-controlled 

disease. 

In 2015, we designed and constructed a self-service healthcare kiosk and explored the feasibility of using the 

kiosk for the management of patients with well-controlled chronic disease.[6] Both patients and physicians who 

participated in the study expressed high levels of acceptance and satisfaction with using the kiosk for chronic 

disease care. While previous studies have shown that substituting physicians with nurse clinicians in the 

healthcare delivery model resulted in equivalent patient outcomes, the impact of using a healthcare kiosk for 

care delivery is unknown.[22-25] This follow-up study will assess the health outcomes of patients managed with 

a healthcare kiosk. It evaluates the maintenance of stable chronic disease for such patients and examines the 

secondary outcomes of health-related quality of life and adverse events. The findings from the study will help 

determine if adoption of a healthcare kiosk into the primary care delivery model is a viable option. 

The strengths of this study are that it explores a novel approach in using a healthcare kiosk to manage patients 

with stable chronic disease, and uses a randomised controlled trial design to demonstrate comparable health 

outcomes to the current standard of care. The adoption of the kiosk into routine clinical practice will facilitate 

optimal resource allocation for patients with varying medical needs.  
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The limitations of this study are its single-center design, modest sample size and short follow-up duration. The 

findings will nevertheless provide the preliminary data needed to design a larger multi-center trial with longer-

term follow-up. 

As we are exploring a new method of care delivery, patients in the study are guided during kiosk usage. With 

regular use over time however, we anticipate greater patient confidence and autonomy, as was observed in our 

feasibility study.[6] The eventual aim is for the deployment of a self-service healthcare kiosk, that will enable its 

full benefits to be realised in terms of patient empowerment and resource allocation. These may be better appre-

ciated in a longer-term follow-up study. 

Patients selected for the study are constrained by age, disease diagnoses and control, and wider scopes shall be 

considered in subsequent studies. Future studies may explore the management of more elderly patients who are 

an important class of patients with chronic disease. We may also consider the management of patients with other 

disease conditions such as hypo- or hyperthyroidism and asthma. The co-management of patients with sub-

optimally controlled disease may also be examined. The potential integration of other point-of-care devices will 

further enhance the self-service capacity of the kiosk. 

Beyond health outcomes, it is important to assess the cost-effectiveness of a healthcare kiosk in clinical care. 

Future studies may consider this, each from the perspective of the healthcare organization and the patient. For 

the healthcare organization, the cost of technology versus medical manpower may be evaluated over time, fol-

lowing the establishment of a sustainable payment model for the kiosk. For the patient, the analysis may include 

the cost benefits derived from reduced physician visits, and the flexibility of alternative health service options. 
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FIGURE LEGENDS 

Figure 1. Flowchart of the study protocol. 

Figure 2. The healthcare kiosk with integrated blood pressure, height and weight measuring devices. 

Figure 3. Screenshots of the kiosk graphical user interface: (a) welcome screens (b) results screens. 

Figure 4. Result slips: (a) good disease control (b) sub-optimal/poor disease control. 

Figure 5. Evolution of the primary care model. 
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Figure 1. Flowchart of the study protocol.  
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Figure 2. The healthcare kiosk with integrated blood pressure, height and weight measuring devices.  
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Figure 3. Screenshots of the kiosk graphical user interface: (a) welcome screens (b) results screens.  
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Figure 4. Result slips: (a) good disease control (b) sub-optimal/poor disease control.  
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Figure 5. Evolution of the primary care model.  
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Appendix A – Patient questionnaire for assessing satisfaction and occurrence of adverse events 

Patient recruitment number  

Date  

 

 Patient satisfaction 
Strongly 
agree 

Agree Disagree 
Strongly 
disagree 

1 The schedule for my visits was convenient.     
2 I could get to the kiosk (or nurse consult room) easily.     

3 
I am satisfied with the management/treatment of my 
chronic condition. 

    

4 The time spent at the kiosk (or nurse) was just right.     

5 
I can use the kiosk (or see a nurse) instead of seeing a 
doctor for follow-up. 

    

6 
Optional: 
What did you like about the kiosk (or nurse consult)? 
What did you not like about the kiosk (or nurse consult)? 

 

 Adverse events  

1 
Did you suffer any adverse event (e.g. hospitalisation) that 
was related to the management of your chronic condition 
in the past 12 months? 

Yes/No 
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Appendix B – EQ-5D-5L questionnaire 
 
Under each heading, please tick the ONE box that best describes your health TODAY 
 
MOBILITY  
 
I have no problems in walking about       � 
I have slight problems in walking about      � 
I have moderate problems in walking about      � 
I have severe problems in walking about      � 
I am unable to walk about        � 
 
SELF-CARE  
 
I have no problems washing or dressing myself     � 
I have slight problems washing or dressing myself     � 
I have moderate problems washing or dressing myself     � 
I have severe problems washing or dressing myself     � 
I am unable to wash or dress myself       � 
 
USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities) 
 
I have no problems doing my usual activities      � 
I have slight problems doing my usual activities     � 
I have moderate problems doing my usual activities     � 
I have severe problems doing my usual activities     � 
I am unable to do my usual activities       � 
 
PAIN / DISCOMFORT 
 
I have no pain or discomfort        � 
I have slight pain or discomfort       � 
I have moderate pain or discomfort       � 
I have severe pain or discomfort       � 
I have extreme pain or discomfort       � 
 
ANXIETY / DEPRESSION  
 
I am not anxious or depressed        � 
I am slightly anxious or depressed       � 
I am moderately anxious or depressed       � 
I am severely anxious or depressed       � 
I am extremely anxious or depressed       � 
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We would like to know how good or bad your health is TODAY. 
 
This scale is numbered from 0 to 100. 
 
100 means the best health you can imagine.  
 
0 means the worst health you can imagine. 
 
Mark an X on the scale to indicate how your health is TODAY. 
 
Now, please write the number you marked on the scale in the box below. 
 
 
 
 
 
 
 
 
YOUR HEALTH TODAY =   
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Appendix C 
 

 
 

 
PARTICIPANT INFORMATION SHEET AND CONSENT FORM 

 
 

You are being invited to participate in a research study. 
 
Before you take part in this research study, the study must be explained to you and you 
must be given the chance to ask questions. Please read carefully the information 
provided here. If you agree to participate, please sign the consent form. You will be given 
a copy of this document to take home with you. 

 

STUDY INFORMATION 

Protocol Title:  

A randomized controlled trial to evaluate the health outcomes of patients with stable 
chronic disease managed with a healthcare kiosk 

Principal Investigator: 

Dr Grace Ng 
SingHealth Polyclinics – Punggol 
Blk 681 Punggol Drive 
#02-01 
Singapore 820681 
Tel: 6377 8771 
Email: grace.ng.b.h@singhealth.com.sg 
 
Study coordinator’s contact number: 

Sponsor: 

Agency for Science, Technology and Research (A*STAR) 

PURPOSE OF THE RESEARCH STUDY 

A global rise in the prevalence of chronic disease has led to an increase in the demand for 
primary healthcare services and a shortage of primary care physicians. Addressing these 
challenges calls for innovations in the healthcare delivery model including greater use of 
healthcare technology tools. You are being invited to participate in a research study to 
assess if a healthcare kiosk can be used to manage patients with stable chronic disease. We 
hope to learn if the kiosk can be as effective as healthcare providers in delivering medical 
care to stable patients. You have been selected as a potential participant for the study 
because you have at least one chronic disease condition(s) that is/are well-controlled.  

The study will involve 120 subjects recruited from SingHealth Polyclinics – Punggol and will 
be conducted over a period of 12 months. 

 

Page 34 of 46

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-020265 on 23 M

arch 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

 Page 2 of 8 
 

STUDY PROCEDURES AND VISIT SCHEDULE 

If you agree to take part in this study, you will be randomised to be evaluated by either a 
healthcare kiosk or a nurse clinician during your subsequent follow-up visits. Randomisation 
means assigning you to one of 2 groups by chance, like tossing a coin or rolling dice. 
Randomisation will be done using a random-number generator. 

Your personal particulars and medical information will be obtained from the Polyclinic Patient 
Information System and may be used for purposes of the study only. All demographic data 
and medical information collected for the study will be anonymised. You will be given a 
medication prescription that will allow you to refill your chronic medications in 4-monthly 
intervals for the next 12 months.  

During your subsequent visits to the clinic 4 and 8 months later, you will be evaluated by 
either a nurse clinician or a healthcare kiosk. Your blood pressure, height and weight will be 
measured.  

If you are assigned to be evaluated by the kiosk, a research coordinator will guide you to use 
the kiosk. The kiosk will determine the status of your chronic condition through a screening 
questionnaire, physiological measurements (blood pressure, height, weight) and your latest 
blood test results. You will be classified into well-controlled, sub-optimally controlled, or 
poorly-controlled groups according to the kiosk decision algorithm and will be advised to 
either continue on your current medications or be evaluated by a healthcare professional. 

If you are assigned to be evaluated by a nurse clinician, your chronic condition will be 
assessed and managed as per routine clinical practice for patients with stable chronic 
disease.  

At the end of the study, all study participants will be reviewed by a doctor. 

All study participants will be asked to complete questionnaires at the start and at the end of 
the study. The questionnaires will be used to assess your health status, satisfaction, and any 
adverse events that may have occurred during the course of the study. The questionnaires 
will take about 15 minutes to complete. 

 

Schedule of visits and procedures:  
Visit 1: recruitment 

Visit 2 and 3 (Weeks 4 and 8): evaluation by healthcare kiosk or nurse clinician 

Final Visit (Week 12): evaluation by doctor 

 
YOUR RESPONSIBILITIES IN THIS STUDY 

If you agree to participate in this study, you should: 

• Keep your study appointments. Please contact the research coordinator if you need to 
reschedule an appointment. 

• Follow the instructions of the research coordinator during your follow-up appointments. 

• Answer the study questionnaires to the best of your knowledge. 
The above points are applicable to all study participants. 
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WITHDRAWAL FROM STUDY 

You are free to withdraw from the study at any time without prejudice to you or your future 
medical care. Please inform the research coordinator or Principal Investigator if you decide to 
withdraw from the study. You will be scheduled for routine clinic visits for your subsequent 
follow-up care.  

However, the data that have been collected until the time of your withdrawal will be kept and 
analysed. The reason is to enable a complete and comprehensive evaluation of the study. 

Your doctor, the Principal Investigator of this study may stop your participation in the study at 
any time for one or more of the following reasons: 

• Your chronic disease condition(s) is/are no longer well-controlled;  

• Failure to follow the instructions of the Principal Investigator and/or study staff; 

• The study is discontinued; 

• Any other unforeseen circumstances. 

WHAT IS NOT STANDARD CARE OR EXPERIMENTAL IN THIS STUDY 

The healthcare kiosk is not a standard way of care delivery for patients with stable chronic 
disease. Your participation in the study will help us to determine if the kiosk can deliver 
equivalent healthcare that is comparable to the existing care delivery method. 

POSSIBLE RISKS, DISCOMFORTS AND INCONVENIENCES 

Technical problems that can arise during kiosk usage may cause delays that result in longer 
visits or the need for rescheduled appointments.   

POTENTIAL BENEFITS 

You may benefit from shorter waiting times as compared to routine follow-up visits. Your 
participation in the study will help contribute to the medical knowledge on healthcare kiosks.  

ALTERNATIVES 

If you choose not to participate in the study, you will continue to receive standard care as for 
patients with chronic disease. 

PARTICIPANT’S RIGHTS  

Your participation in this study is entirely voluntary. Your questions will be answered clearly 
and to your satisfaction.   

In the event of any new information becoming available that may be relevant to your 
willingness to continue in this study, you (or your legal representative, if relevant) will be 
informed in a timely manner by the Principal Investigator or his/her representative and will be 
contacted for further consent if required. 

By signing and participating in the study, you do not waive any of your legal rights to revoke 
your consent and withdraw from the study at any time.   

CONFIDENTIALITY OF STUDY AND MEDICAL RECORDS 

Information collected for this study will be kept confidential. Your records, to the extent of the 
applicable laws and regulations, will not be made publicly available. Only your Investigator(s) 
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will have access to the confidential information being collected. 

However, Regulatory Agencies, Institutional Review Board and Ministry of Health will be 
granted direct access to your original medical records to check study procedures and data, 
without making any of your information public.  

By signing the Consent Form, you consent to (i) the collection, access to, use and storage of 
your Personal Data by SingHealth Polyclinics, and (ii) the disclosure of such Personal Data 
to our authorised service providers and relevant third parties for the purpose of future 
research studies (“Future Studies”).  

Where required, such Future Studies will be submitted for review and necessary approval by 
the relevant institutional review board.  

“Personal Data” means data about you which makes you identifiable (i) from such data or (ii) 
from that data and other information which an organisation has or likely to have access. 
Examples of personal data include medical conditions, medications, investigations and 
treatment history.  

By signing the Consent Form, you also confirm that you have read, understood and 
consented to the SingHealth Data Protection Policy, the full version of which is available at 
www.singhealth.com.sg/pdpa. 

  
Data collected and entered into the Data Collection Form(s) are the property of SingHealth 
Polyclinics. In the event of any publication regarding this study, your identity will remain 
confidential. 

COSTS OF PARTICIPATION 

If you take part in this study, the following will be performed at no charge to you: Nurse and 
kiosk visits 

If you take part in this study, you will have to pay for the following: Doctor’s visit at the end of 
study, routine tests and medications. 

You will be reimbursed for your time, inconvenience and transportation costs as follows:  

• If you complete the study, you will receive vouchers worth S$20 (for 2 nurse or kiosk 
visits).  

• If you do not complete the study for any reason, you will receive vouchers worth S$10 
for each nurse or kiosk visit you complete. 

RESEARCH RELATED INJURY AND COMPENSATION 

The Polyclinic does not make any provisions to compensate study participants for research 
related injury. However, compensation may be considered on a case-by-case basis for 
unexpected injuries due to non-negligent causes. 
 
By signing the Consent Form, you will not waive any of your legal rights or release the 
parties involved in this study from liability for negligence.  
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WHO TO CONTACT IF YOU HAVE QUESTIONS REGARDING THE STUDY 

If you have questions about this research study or in the case of any injuries during the 
course of this study, you may contact the Principal Investigator Dr Grace Ng at Tel: 6377 
8771 or via email at grace.ng.b.h@singhealth.com.sg 

 

WHO HAS REVIEWED THE STUDY 
This study has been reviewed by the SingHealth Centralised Institutional Review Board for 
ethics approval.  

If you have questions about your rights as a participant, you can call the SingHealth 
Centralised Institutional Review Board at 6323 7515 during office hours (8:30 am to 5:30pm). 

If you have any complaints about this research study, you may contact the Principal 
Investigator or the SingHealth Centralised Institutional Review Board.  
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CONSENT FORM 

Details of Research Study 
Protocol Title: 
A randomized controlled trial to evaluate the health outcomes of patients with stable chronic disease 
managed with a healthcare kiosk 

Principal Investigator: 
 
Dr Grace Ng 
SingHealth Polyclinics – Punggol 
Blk 681 Punggol Drive  
#02-01 
Singapore 820681 
Tel: 6377 8771   
Email: grace.ng.b.h@singhealth.com.sg 
 

Participant’s Particulars 
Name:        NRIC No.: 
 
Address: 
 
 
Sex:  Female/Male       Date of birth   _______________ 
                        dd/mm/yyyy           
           
Race:  Chinese/ Malay/ Indian /Others (please specify)   ________________________       
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I agree to participate in the research study as described and on the terms set out in the Participant 
Information Sheet.  
 
I have fully discussed and understood the purpose and procedures of this study. I have been given 
the Participant Information Sheet and the opportunity to ask questions about this study and have 
received satisfactory answers and information.  
 
I understand that my participation is voluntary and that I am free to withdraw at any time, without 
giving any reasons and without my medical care being affected.  
 
By participating in this research study, I confirm that I have read, understood and consent to the 
SingHealth Data Protection Policy. I also consent to the use of my Personal Data for Future 
Research.  
 
 
 
 
 
_______________________             _______________________      ________________ 
         Name of participant                 Signature/Thumbprint (Right / Left)          Date of signing 
 
 
To be filled by parent / legal guardian / legal representative, where applicable 
 
I hereby give consent for the above participant to participate in the proposed research study. The 
nature, risks and benefits of the study have been explained clearly to me and I fully understand 
them.   
 
I confirm that I have read, understood and consent to the SingHealth Data Protection Policy. I also 
consent to the use of the participant’s Personal Data for Future Research.  
 
 
 
 
________________________       __________________________         _______________ 
         Name of participant’s                                  Signature                          Date of signing 
         parent /legal guardian 
 
To be filled by translator, if required 
 
The study has been explained to the participant/ legal representative in  
 
 
____________________________________by _____________________________________. 
                             Language                                                           Name of translator 
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To be filled witness, where applicable 
 
I, the undersigned, certify that: 

• To the best of my knowledge, the participant or the participant’s legal representative 
signing this informed consent form had the study fully explained in a language understood 
by him/ her and clearly understands the nature, risks and benefits of his/ her participation 
in the study. 

• I have taken reasonable steps to ascertain the identity of the participant or the participant’s 
legal representative giving the consent. 

• I have taken steps to ascertain that the consent has been given voluntarily without any 
coercion or intimidation. 

 
 
Witnessed by: ________________________________ ________________________ 
  Name of witness  Designation of witness 
 
 
 
 ________________________________ ________________________ 
  Signature of witness  Date of signing 
 
 
1. Impartial witness is applicable for Clinical Trials regulated by HSA, if necessary. An impartial witness should be present during the 
entire informed consent discussion if a participant or the participant’s legal representative is unable to read, and/or sign and date on the 
consent form (i.e. using the participant or legal representative thumbprint). The impartial witness should be independent of the trial. 
2. In accordance with section 6(d) of the HBRA and regulation 25 of the HBR Regulations 2017, appropriate consent must be obtained 
in the presence of a prescribed witness who is 21 years of age or older, and has mental capacity. The witness must be present during 
the entire informed consent discussion, and must not be the same person taking the appropriate consent. The witness may be a 
member of the team carrying out the research. 
 
 
Investigator’s Statement 

I, the undersigned, certify to the best of my knowledge that the participant/participant’s legal 
representative signing this consent form had the study fully explained and clearly understands the 
nature, risks and benefits of his/ her/ his ward’s/ her ward’s participation in the study. 
 
 
________________________ _______________________ ________________ 
         Name of Investigator/  Signature   Date 
          Study Coordinator 
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents* 

Section/item Item 
No 

Description Addressed on 
page number 

Administrative information 
 

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym _____1_______ 

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry _____2_______ 

2b All items from the World Health Organization Trial Registration Data Set _____2_______ 

Protocol version 3 Date and version identifier _____________ 

Funding 4 Sources and types of financial, material, and other support _____21______ 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol contributors _____1,21_____ 

5b Name and contact information for the trial sponsor _____1_______ 

 5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the decision to submit the report for publication, including 

whether they will have ultimate authority over any of these activities 

 

_____21______ 

 5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, and other individuals or groups overseeing the trial, if 

applicable (see Item 21a for data monitoring committee) 

 

 

 

_____14______ 
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Introduction 
   

Background and 

rationale 

6a Description of research question and justification for undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits and harms for each intervention 

_____4,5_____ 

 6b Explanation for choice of comparators _____4,5_____ 

Objectives 7 Specific objectives or hypotheses ______5______ 

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), 

allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) 

 

______6______ 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will 

be collected. Reference to where list of study sites can be obtained 

______6______ 

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, surgeons, psychotherapists) 

______6______ 

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be 

administered 

_____8-11____ 

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose 

change in response to harms, participant request, or improving/worsening disease) 

_____11______ 

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence 

(eg, drug tablet return, laboratory tests) 

______7______ 

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial ______7______ 

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood 

pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, 

median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 

efficacy and harm outcomes is strongly recommended 

 

____12,13____ 

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for 

participants. A schematic diagram is highly recommended (see Figure) 

_____6-13_____ 
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Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including 

clinical and statistical assumptions supporting any sample size calculations 

_____7______ 

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size _____________ 

Methods: Assignment of interventions (for controlled trials) 
 

Allocation:    

Sequence 

generation 

16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any 

factors for stratification. To reduce predictability of a random sequence, details of any planned restriction 

(eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants 

or assign interventions 

_____7______ 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, 

opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned 

_____7_______ 

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to 

interventions 

_____7_______ 

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 

assessors, data analysts), and how 

_____7_______ 

 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s 

allocated intervention during the trial 

_____NA______ 

Methods: Data collection, management, and analysis 
 

Data collection 

methods 

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 

processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of 

study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. 

Reference to where data collection forms can be found, if not in the protocol 

____12,13_____ 

 18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be 

collected for participants who discontinue or deviate from intervention protocols 

_____________ 

Page 44 of 46

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on March 20, 2024 by guest. Protected by copyright. http://bmjopen.bmj.com/ BMJ Open: first published as 10.1136/bmjopen-2017-020265 on 23 March 2018. Downloaded from 

http://bmjopen.bmj.com/


For peer review only

 4

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality 

(eg, double data entry; range checks for data values). Reference to where details of data management 

procedures can be found, if not in the protocol 

_____13,14____ 

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the 

statistical analysis plan can be found, if not in the protocol 

_____14,15____ 

 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) _____14______ 

 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any 

statistical methods to handle missing data (eg, multiple imputation) 

 

_____________ 

Methods: Monitoring 
 

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of 

whether it is independent from the sponsor and competing interests; and reference to where further details 

about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not 

needed 

_____14______ 

 21b Description of any interim analyses and stopping guidelines, including who will have access to these interim 

results and make the final decision to terminate the trial 

_____________ 

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 

events and other unintended effects of trial interventions or trial conduct 

_____14______ 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent 

from investigators and the sponsor 

_____14______ 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval _____16______ 

Protocol 

amendments 

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, 

analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, 

regulators) 

_____16______ 
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Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and 

how (see Item 32) 

_____16______ 

 26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary 

studies, if applicable 

_____NA______ 

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained 

in order to protect confidentiality before, during, and after the trial 

_____16______ 

Declaration of 

interests 

28 Financial and other competing interests for principal investigators for the overall trial and each study site _____17______ 

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that 

limit such access for investigators 

_____16______ 

Ancillary and post-

trial care 

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial 

participation 

_____NA______ 

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, 

the public, and other relevant groups (eg, via publication, reporting in results databases, or other data 

sharing arrangements), including any publication restrictions 

_____17______ 

 31b Authorship eligibility guidelines and any intended use of professional writers _____________ 

 31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code _____21______ 

Appendices 
   

Informed consent 

materials 

32 Model consent form and other related documentation given to participants and authorised surrogates 16, appendix C 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular 

analysis in the current trial and for future use in ancillary studies, if applicable 

_____NA______ 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 

Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 

“Attribution-NonCommercial-NoDerivs 3.0 Unported” license. 
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